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Figure  1 .  T h e  impor tance  o f  t h e  quant i ty  Q in t h e  a n a l y s i s  o f  e l e c t r o n i c  c i r c u i t s  and com-  
Here,  H. J. L a n g ,  B R C  S a l e s  p o n e n t s  h a s  m a d e  t h e  Q Meter  a fami l iar  laboratory  t o o l .  

Engineer ,  i s  c h e c k i n g  t h e  a c c u r a c y  o f  a Q A e t e r  T y p e  260-A w i t h  t h e  n e w  Q-Standard. 

Q as a basis for its description, we must look 
for a physical concept. W e  may then explore 
the implications and applications of this con- 
cept in a variety of specific situations. 

Let us go one step further in our analysis of 
the expression @L/R,. It is not immediately 
apparent why this pat%iculr2r numerical ratio 
should be chosen to describe certain charac- 
teristics of components and circuits over all 
the d h e r  similar ratios which might be set 
up. The reason for this choice once again 
refers back to the concept involved in the 
establishment of a definition for Q. W e  shall 
see presently that the basic idea leads directly 
to a simple expression by which we can deter- 
mine a numerical magnitude. 

In the first place, the Q of a circuit or 
component has practical significance only 
when an alternating current, usually sinu- 
soidal in waveform, is flowing through it. 
The circuit parameters associated with alter- 

nating currents, namely capacitance and in- 
ductance, have the common characteristic of 
being capable of storing energy An inductor 
stores energy in the form of an electromag- 
netic field surrounding its winding. A capa- 
citor stores energy in the form of polarization 
of the dielectric. Each of these systems will 
deliver most of the stored energy back into 
the circuit from which it came These com- 
mon characteristics indicate that perhaps we 
should look to energy relationships for an 
appropriate description of the behavior of 
circuits 

As mentioned above, most, but not all of 
the energy stored in an inductor or a capacitor 
is delive’red back into the total system If we 
start with this energy concept, we are in a 
position to derive a figure of merzt for the 
system in terms of its ability to store energy 
as compared with the energy it wastes 
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nating currents, namel)' capacitance and in
duCl:lnce. have the common characteristic of
being C1pabll' of Sloring energy. An inductor
stor~ enl'rgy in the form of an dl'CtrOmag
netic field surrounding iu winding. A capa
citor stores l'f\l'rgy in thl' form of polariuuon
of thl' dielmric. Each of Ihrse S)'SlmlS will
deliver most of thl' Slored energy bad:: into
thl' cirruit from which it caml'. 11lese com
mon charaetl.'l"lSllcs indicate that perhaps we
should look to enl'rgy relationships (or an
appropriate description of Ihe brhavior of
circuits.

As mentioned above, most, but not all of
the energy stored in an inductor or a capacitor
is uelivefed hack into the total system. If w<:
§tart with this energy concept, we arc in a
position to derive a figlire of merit for the
system in ternu of its ability to ~orl' enl'rM
as compared with the energy it wastes.
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Q as a basis for its description, we must look
for a physiOiI COflCept.. We may Ihen explore
the imphcations and apfliCirions of this con·
«pi 10 a ,'antfy of spt-"CJf)C SltU2tions.

Ut us go one step further in our an:dysis of
the expression qlLfR.. It is JlO( immediately
appaffllt why this ,,vtiatfar numeticaJ nrio
should be: chosen 10 doc:ribe certain charac·
leristics of components and circuits o"cr all
the other similar rAtios which might be set
up. The reason for this choke once again
refers back to the concl'pt im'olvN in Ihl'
establishment of a definition for Q. Wl'shall
5t'1' pr<:5emly that the basic idea leads directly
to a simple expression by which we can deter·
minI' a numerical magnitudl'.

In thl' first place, the Q of a circuit or
componl'nt has practical significancl' only
when an altern'ling curr<:nt, usually sinu·
soidal in wavdorm, is Rowing Ihl"<Mlgh it.
1be circuit panmdel'$ U$OCialoo with alter.
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11te bmill3f symbol. Q. has SQn'Ie{hi"g In

common with :a ccrt:arn famous 19th ttrltury
(']eph<lIU of Ind05t'/'n. You our r~1I that in
till!' poan six blind 111m nch ,,,vcsrig.1fCd the
wne c:tepmnr wllh the agreemem th3t they
would ~port the.r findings to each other and
thereby detnminc the true nature of an e1~

phant. One chan<:cd to touch the side of the
elephant and reported "God bless me! But
lhe ekphanl is very like a wall." Another,
louching the tail, prodaimcd an elephant was
like a fOpe. The third, chancing upon a leg,
:lI'OWN the elephant 10 be kind of a Ifet', and
so on. The (onfusion of fe-ports prompt«l the
poet to obst.-rve to concll.lSion that, "FAch was
partly in t1~ right. and all were in the
wrong:'

And so it is wilh Q. ~ concept of Q
whICh ncb engiMtr fa\'ors is the one ba5ed
on the way in which he ~ Q most fre·
qUftllly. It mighr. be to describe selectivity
curves, or the resonant rise in \'oll::lgt, or the
impedance of a par;llllel rCSCKlant cirruil, or
the envelope of a damped wave tuin. If one
wen: to uk for a detlnition of Q, the most
common response probably would be "Q
e'luds wLjR.". But like the descriplion of
the elephant, this too is partly right and part
ly wrong. The reason is. that while one can
obtain a numerical value for Q by dividing
the quantity (qlL) by R, ittc:lJs litlleor nOlh·
ing about the: real nature of Q.

The expres.sion IpLfR. is a dimensionless
ratio and therefore a pure number. As sueh il
enjoys no distinction from OIm pure num·
bers. If we are 10 look for the "/~.l1ln& of
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The Nature of Q (continued) 

D E R I V A T I O N  OF Q = w L / A  
In describing the behavior of a circuit in 

which an alternating current is flowing (as 
shown in Fig. 2), it is most convenient to 
use as our interval one complete current cycle. 
During this interval the system will have 
experienced all of its configurations of energy 
distribution and will have returned as nearly 
as possible to the starting condition. W e  are 
interested in the ratio of the total energy 
stored in the system to the amount of energy 
dissipated per cycle by the system. 

cv 

E,=$RI'($) 
Whwe I e+* = a07 I mar 

E = Enerqy 

$L12 

Figure 2. Energy relationships in an 
elementary a-c s e r i e s  circuit. 

To calculate the total stored energy, let us 
select that portion of the cycle at which all 
the energy is stored in the field of the in- 
ductor. (This is quite arbitrary, as we could 
just as well assume all the energy to be stored 
in the capacitor.) W e  recall from electrical 
engineering that the energy stored in the field 
surrounding an inductor is equal to 1/2 LIZ. 
In this case I will be the peak current in 
amperes. 

The average power lost in the resistor is 
1/2RSI2, where R, is the total series resistance 
of all elements in the circuit, and I is the peak 
current in amperes. The factor 1/2 appears 
because the (effective current) = ,707 (peak 
current, I ) ,  and (.707I)? = l/212. 

The energy lost per cycle is equal to the 
average power times the time of one cycle, 
T = ( l / f ) ,  or 1/2R,12T. 

The ratio of stored energy to energy dis- 
sipated per cycle becomes : 

1 WL 1 = -  
!&I R s - 2 n Q  

Hence: Q = 2T total energy stored 
energy dissipated per cycle 

Thus we see that the familiar expression 
giving the magnitude of the quantity Q fol- 
lows directly from the basic concept of the 
ability of a component or circuit to store 
energy and the energy dissipated per cycle. 

0 IN A PARALLEL CIRCUIT 
The above analysis has been made on the 

assumption of a so-called series circuit which 
assumes all losses in the circuit to be repre- 
sented by a single resistor in series with a 
lossless inductor and a lossless capacitor. W e  
are now interested in obtaining an expression 
for the case in which we are looking at the 
circuit from the outside, or parallel connec- 
tion, in which the resistor, the inductor, and 
the capacitor are all in parallel as shown in 
Fig. 3. 

An equivalent expression for Q for the 
two circuits of Fig. 3 can be obtained most 
readily if we consider the current distribu- 
tions when the applied alternating current 
has the same frequency as the resonant fre- 
quency of the R-L-C combinations. In Fig. 
?-a, the current, I, flowing through the circuit 
from point A to point B is controlled by the 
parallel resonant impedance of the circuit: 

1 z = ( - i W ~ ) ( j ~ L + R s )  
A B  ( - j  L ) + ( j o L + R s )  

O C  
At resonance: 1 - I = I w L I = X ,  

where I I indicates magnitude, so that 

(-jX) ( + j X + R s ) -  X 2 - j X R s  
'AB - -j X + j X + R s  

1 
W C  

- - 
R s  

The absolute magnitude of this impedance is 

Or, Z = W L  d Q 2  + I  
For most practical purposes this reduces to: 

which is the impedance of a parallel reason- 
ant circuit. For the external current flowing 
through Figure 3-a we may then write, I = 
E/ QwL . 

Referring to Figure 3-b, we may consider 
that the combination of C and L, with all 
losses now accumulated into the equivalent 
parallel resistor R,,, forms at resonance an 
infinite impedance circuit in shunt with a 
finite resistor R,,. The current flowing 
through such a circuit will be I = E/R,. 

Z = Q w L ,  

E quat ing: E - E o r , ~ w ~  = ~p 
Q O L  - Rp; 

Rewriting: Q = Rp/ w L .  

where R, = total effective parallel circuit 
rcsistance in ohms. 

It is convenient to remember that for the 
series case, R, is in the denominator and Q 
becomes very large as the dissipative com- 

ponent R, becomes small. In the case of the 
parallel resonance circuit, the larger the shunt 
resistance the larger the value of Q. 
Summarizing: \i 

SELECTIVITY 
W e  have seen how the expression Q = 

qL/R, can be derived directly from power 
consideration in an R-L-C circuit. By extend- 
ing the analysis of power relationship in such 
circuits we can also derive an expression 

A 

' d  
8' 

Figure 3. Current distributions in 
parallel  resonant circuits.  

which describes the selectivity, or response- 
versus-frequency, curve for circuits in the 
vicinity of their natural resonant frequency. 

To  begin with, we will need to establish 
two points on the resonance curve for refer- 
ence. A convenient choice of points is one 
in which the net circuit inductive or capa- 
citive reactance equals the resistance in the 
circuit. These two points can be shown to  lie 
at frequencies at which the power in the cir- 
cuit is one half the power at the maximum 
response frequency. (See Fig. 4.) 

Assume that the reactance equals the resist- 
ance. Then the total circuit impedance is 
equal to the following: 

~ 

ij 

z = Jq-T-F = d m  
= 4 2 R :  = 1.414Rs 

W e  must remember that this new imped- 
ance consists of the original resistance plus 
some reactance. Only the resistance com- 
ponent of the impedance consumes power. 
If we apply the same voltage to this circuit 
at the selected frequency as at the resonant 
frequency, the current at the new selected 
frequency will be I, = 0.707 I, where I,, is 
the current at resonance. The power dis- 
sipated in the circuit is then 

W f  = I:Rs = (.707I,) 2 R s  = -5 IoRs 2 

= .5w0 
Let us now see what frequency relation- 

ships are involved. Near resonance, if we 
change the frequency by a small amount 
Af toward a higher frequency, the net re- 
actance of the circuit will change due to two 

4 
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R.
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~ .. 1.414R.

Wit must remember that this new imped.
ance consists of the original resistance pillS
some react:!nee. Only the r"sistance com
ponent of the impedance consumes power.
If we apply the same voltage to this circuit
at the selected fre<Juency as at the reSOnant
fre<juency. the current at the new selected
frequency will be I, = 0.707 I" where I" is
the current at resonance. The power dis
sipated in the circuit is then, , ,

Wf IfR" z (.70710) R. - " loR.

" Wo

Fig",. J, Curr"n' cli""I&",'ons '"
po,oll.1 reSO"ont d,culls,

We have seen how the expression Q =
(!,L(R, can be derived directly from power
consideratiOn in an R-L-C circuit. Byextend.
ing the analysis of power relationsh,p in s~lch

circuits we can also derive an expression

Let us now see what frequency relation
ships are involved. Ncar resonance. if we
change the frequency by a small amount
Af toward a higher fr«juency, the net reo
aClance of the Circuit Will change due to two

which describes the sek-ctivity, or response·
versus-frl'<:juency, curve for circuits in the
VICinity o( their natural resonant frequency.

To begin with, we will need to establish
two points on the resonance curve for rder
('nee A convenient choice of poims is one
in which the net circuit inductive or capa·
citive reactance l'<:juals the resistance in the
circuit. 'I1K'Se two points can be shOwn to lie
at frequencies at which the power in the cir
cuit is one half the power at the maximum
r!'Spons!." frequency. (See Fig. 4.)

Assume that the reactance equals tile resist·
ance, Then the total circuit impedance is
equal 10 the following:

ponem R, bccOJTI<:S small. In tht case 01 the
parallel resonance circuit, the larger the shunt
resistance the larBer the value of Q.

Summarizing;

Hence: Q = 2". total cnergv stored
energy dissipated per cycle

Thus we see that the familiar eXpresSion
giving the magnitudt' of the quantity Q fol.
lows directly from the basic concept of the
ability of a component or circuit to store
energy anJ the energy tlissipated per cycle.

Q IN A PARAlLEL CIRCUIT
The above analySIS ha..s been made on the

assumption of a SQ·ealleJ series circuit which
aSSUffit's all losses in the circuit to be repre
sented by a single resistor in series with a
lossless inductor and a Jossless capacitor. We
are now interested in obtaining an expression
for the case in which Wl· are looking at the
circuit from the outside, or parallel connee·
tion, in which the resistor, the intluctor, anti
the capacitor are all in parallel as shown in
Fig. },

I\n equivalent expression for Q for the
two circuits of Fig. 3 can be obtained most
readily if we consitlcr the current tlistribu·
tions when the applied alternating current
has the same frl'<)uency as till;: resonant f reo
qUl;:ncy of the R·L·C combinations. In Fig.
3-a, the current, I, Rowing through the circuit
from point A to point B is controlled by the
parallel resonant impedance of the circuit:

Z (-j ±)(j ill L + R.)
,. I(-j w-L)+(jC<lL+R,,)

I
Ar resonance: lwei-I C<l L I .. X,

where I I indicates magnitude, so that

Z .. HX) (+jX+R,,) .. X2-jXR"
~AB -jX +jX+R" R.

X'
"1'["; + (-jX),

The absoll1le magnitude of this impedance is

ZAB .. J(:J2+X2_Xj~2\1,
•

Or, Z"wL.jQ2+1

For most practical purposes this reduces to:

Z .. QwL,
which is the impetlance of a parallel reason
ant circuit. For the external current Rowing
through Figure 3·a we may then write. I =
E/QwL.

Referring to Figure }-b, we may consider
that the combination of C and L, with all
losses now accumulated into the equivalent
parallel resistor R,,, forms at resonance an
infinite impedance circuit in shunt with a
finite resistor R1" TIle curr..nt Rowing
through such a circuit will be I = E(RI"

Equating: ~ ",...5- or, Qw L Rp
Qw L Rp;

Rewriting: Q .. Rp/ '" L ,

where R" = total dJ('(tive parallcl circuit
resistance in ohms.

It is convenient to remember that for the
series Cll5e, R. is in the denominator and Q
becomes very large: as the dissipative com·

1 2ITfL
2"~

1 L f L
T ff... 'j'f;

To calculate the total stored energy, Jet us
select that portion of the cycle at whkh all
the cncrSY is stored in the field of the in·
ductor, (This is quite arbitrary, as we coultl
just as well assume all the energy to be stored
in the capacitor.) We r('(all {rom el('(!rical
enginttring that the energy stored in the field
surrountling an inductor is equal to 1/2 LP.
In this case I will be the peak (urrent in
amperes.

The at'~ragl' P0ll'eI" lost in the resistor is
1(2RJ", where R. is the total series resistance
of all clements in the circuit, and I is the peak
current in amperes. The factor 112 appears
because the (elf,,{/iv~ current) = .707 (puk
current, I), and (.707I)~ = 1/21".

The energy lost per cycle is e<Jual to the
averaBe power times the time of one cycle,
l' = (1/f), or 1(2R.I"T.

The ratio of stored energy to energy dis
sipated per cycle br.~omes:

THE BRC NOTEBOOK iI published
jOllr II/lies <J Y<lar by Ihe BOQ/Jlo" Radio
Corp~MI!OI/. II i~ mailed j,ee oj (harge
/0 snell/ISIS, e'lgmurs 1111,1 other ill/er.
tSled persOIlS III the rOJJ/JllI/llhaliOI/J
dud e!enrollio fields. The anllellls may
b~ ""Prlllied mily ,wllh writll'/l pemliI
/101/ j..OIll Ibe ed/lor. Yo", COllllllell1/
alld suggeSliol/s art '",,/come, alld
should be addl'tJsed to: Ed'lor, THE
8RC NOTEBOOK, 600"1011 Rftdio
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DERIVATION OF a=_L/R
In describing the behavior of a circuit in

whkh an alternating current is ROWing (as
shown in Fig. 2), it is most convenient to
use as our interval one complete current cycle.
During this interval the systcm will have
experienced all of its conliBurations of energy
distribution and will have returned as nearly
as possible to the starting condition. We are
interested in the ratio of the total energy
stored in the system to the amount of energy
d'ssipateJ per cycle by the system.
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equal contributions in the same direction: 
(1)  there will be a small increase in the 
inductive reactance due to the increased fre- 
quency, and (2)  there will be an  equal 
amount of decrease in the capacitive react- 
ance. The net change in reactance is the sum 
of these two equal changes. The change in 
reactance due to the increased inductive re- 
actance alone is AX, = 2,AfL, and the 
change in the total reactance is 

AX = 2(2nAfL) = 4nAfL. 
Choose Af equal to the difference between 

the frequency at either of the half-power 
points, f, or fZ, and the resonance frequency, 
f,. Since we have seen that at the half-power 
points X = R, we can write the two follow- 
ing equations: 

Rs = 4 n ( f 0  - f l )  L 
= 4 n f 0  L - 4 n f 1  L 

R s  4 n  ( f z  -fo) L 

=-4nf0 L + 4 a f z  L .  

Adding these two equations : 
2R 4r(f,--f,)L. 
Re-arranging and multipiying both sides 

by f, 

f o  2 n f o L  O L  
(f,-f,) - RS RS - - Q  

This is the application of Q which is most 
familiar to radio engineers; namely, an ex- 
pression of the selectivity of a resonant cir- 
cuit in terms of Q. As we see above, it is 
based on the power dissipated in the circuit 
at two selected frequencies. 

RESONANT RISE IN VOLTAGE 

Let us now look at another common mani- 
festation of the Q of a resonant circuit; name- 
ly the voltage multiplication phenomena. 

Consider once again the series circuit of 
Fig. 2 having a total equivalent series re- 
sistance, Rs, and a circulating current caused 
by a small sinusoidal voltage, e, injected in 
series with the circuit. At series resonance 

Figure  4. Resonance curve, showing 
holf-power points.  

the current circulating within the resonant 
circuit is limited only by the resistance and 
will be I, z e/R,. This circulating current 
will produce a voltage across the inductor 
equal to E I, y L  7 (e/R,) qL.  

The resonant rise in voltage then is 

This is often written 
E = Qe. 

For relatively high values of R, (corre- 
sponding to low Q) we must also account for 
tLe drop  across the resistor: 

E = I, d w  

So for this case 

E = ed- 
Of course we could just as well have 

analyzed this circuit from the standpoint of 
the voltage across the capacitor, but we would 
have arrived at exactly the same results. 

POWER DISSIPATION 

Proceeding directly out of the.method by 
which we derive Q, namely from the stand- 
point of energy, we can see that the net Q 
of the complete oscillator circuit describes 
the manner in which the circuit causes the 
current to flow in alternate directions, and 
describes the energy lost per cycle in the 
process. This lost energy per cycle must be 
made up by the power supply of the system 
or oscillation will die out. 

W e  know that a circuit consisting of an 
inductor, a capacitor and a resistor in series, 
which is charged and allowed to oscillate, 
will experience an exponential decay in the 
magnitude of the p,eak - curr:nt. This decay 

of this expression k72L is' defined as the 
damping coefficient, and describes the amount 
by which each successive cycle is lower than 
its predecessor, as shown in Fig. 5. If we 
multiply the damping coefficient by the time 
for one cycle, we obtain the expression known 
as the logdrithmic decrement of a circuit, 
which includes the effect of frequency. In 
each successive cycle of period T we obtain 
the following current ratios: 

Rewriting: Q =% 
W e  see that in this application Q is inti- 

mately linked with the rate of decay of oscil- 
lation in a dissipative circuit. Before we leave 
the subject of Q and power, let us mention 
briefly two other factors which find com- 
mon usage in electrical engineering. The 
first of these is the phase angle between the 

. 

Figure  5. Q as a damping factor. 

current and the driving voltage in a circuit 
containing reactance and resistance. If we 
once again arbitrarily limit ourselves to  con- 
sideration of inductors, the expression for 
phase angle is the familiar formula: 

tan 4 = wL/Rs = Q 
Or: Q = (tangent of the phase  angle.) 

Closely associated with the phase angle 
is the power f a t a r .  The power factor of an 
inductor is the ratio of the total resistdnce 
absorbing power to the total impedance of 
the device, and is designated by COS 4 : 

RS R s  

1 R: 
c 0 s 4 = & m  = R s / W  

= d m  
T h i s  is approximately C O S ~ = Q  1 

THE 0 M E T E R  

Practically all of the relationships men- 
tioned above have been used in radio and 
electrical engineering for a great many years. 
However, the expression Q and its numerical 
value of Q = qL/R, did not come into popu- 
lar usage until the early 1930's. The need for 
the rapid measurement of Q arose with the 
growth of the broadcast receiver industry, 
and Boonton Radio Corporation demon- 
strated the first "Q-METER" at the Rochester 
IRE Meeting in November, 1934. 

A numerical quantity for Q might be ob- 
tained by measuring each of the parameters 
involved in any of the various forms which 
have been given above. However, certain of 
these expressions lend themselves to direct 
measurement much more readily than others. 
Originally, the favored method was to actual- 
ly measure q L  and R,. Later, measurements 
of Q were based on the frequency relation- 
ship, using a heterodyne detector system. This 
method is feasible but demands great accuracy 
of the variable frequency generator in order 
to obtain resasonable accuracy of the final 
result. 

An expression equivalent to the frequency 
relationship can be written in terms of capa- 
citance. For the series resonant case we ob- 
tain the following: 

2 c o  
Q =  c x  

The multiplier 2 is introduced because the 
change in frequency is proportional to the 
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«J1U1 contubutions in the same direction:
(I) the.e will be • 5maIJ incre~ in the
mdlK1lvc: ~J.nce due to tbe mcreurd £re·
qumcy, J.nd (2) there: will be .n c:quill
.mount of dccre:ue in the ('lIp~itlve r('Kj·
anee. The ntt change: lo react.nce: U the sum
of these: two tqUl.I dangc:s. '11e change: in
react.lKe due: to lhe: Increucd induetl\'C: re·
aetance .Ione i5 AXl = 2.6fL, and the:
change lo the: 101.1 reactllfKe is
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1111$ 15 the appllcauon of Q ....hlCh lS most
famll'.r 10 rlldio engm~n; narndy, an ex·
prftSlon of the selectIVity of a tesonant CII'
nlll 10 terms of Q. !u ..'e k't above. It IS
Nstd on the ;tJWff dissipated 10 the CltCUlt
at 1"0 selected frtqUC'fICId.

lUONANT liSE IN VOLTAGE

Ltc lIS now look at another common milni·
fcstalton of the Q of a rt$O<lant circuit; name·
ly the voltage: multiphcation phenomc:n.a.

Consider once agilin the $C'ric:, circuit of
Fig. 2 hilving a total «Julvalenl $C'n~ re·
siSlance, Rs, and a circulating current causcd
by a smdl sinusoidlll vohab'C', 0:, injected 10
$Cries With the circuit. At series reJOnance

Fl...... 4. R....._c. CW'Y., .'-.1'"9
,",If.po••, ""I.. ,••

the current circulating .... ithln the «'SOnant
circuli is limited only by the: resls!ance and
will be Ie = cia.. This clfculating current
will product • ,"Oltage ICross the: Induetor
equal 10 E = I. cpl = (e/R.) q)1_

The resonant rise: in volt:age then is

...!...._ wR " - Q• •
1111$ 1$ often wnllen

E= Qt.
For ",lJ.li"ely hIgh v~ltICli of R. (corre.

sponding to low Q) ..~ must abo account for
the drop across lhe resistor.

E _I ·'R1+ wtL·,v •
• j ",'L'.- .,j R1 + w 2L. _ e 1 +or-R
R. • •

So lor this case

E _ e J;:':=C-."QT'

Of course we [ould just as ....ell have
ao~lyu<J Ihis circwt from the: stsndpolnl of
thc voltage: xross the capacitor, bul \Joe would
h~\'e arrived al ~~Iy lhe: same: resufls.

pown DISSIPATION

Proceeding dlr«tly out of the mahod by
whICh we denve Q. namely from lhe stand·
pomt of trlCr,gy, we an k't thllt the nc:t Q
01 the: complete IllKIIlJ.tor CIrcuit dtsctlbts
lhe: manner In ....hlch the CilC\ut CIIusts the
[urrnll to 80w in a!tenure dlrecllons, and
dtKl',bcs the: entrgy lost pe-r cyde m lhe
proce». This lost energy per cycle must be:
made' up by the power supply of the sySle:m
or oscillation Will dIe' OUI.

We know that a circuit consis!ing of an
mductor, a apacitor and a rni$!or In SClln,
whICh is charged and aliowN 10 OSCIllate,
will expetience an eXpor"ential decay In the
mllgnitude of the ~lIk current. This decay

follows the form C-~l~' The portion

of this e:xpression R/2l IS defined as the
J"lIIpillg ro~ffiritlll, and describ<:s tlie amount
by which each Suc[(.'sliive cycle is lower than
its predecessor. as shown in Fig. ,. If we
multiply the d~rnping coeflicient by the tIme
for ooe cycle. we obtain the expression known
as the IOKtNllhlllir JtrulI1tlll of a CIrcuit.
which includes the effect 01 frc:qut'tlC)'. In
eJ.ch suc«'S.'iive cycle of period T we obIain
the following current ratlos:

I l - R T -6
-_r IT _r
I ,

I ... R. .'BUITflsou"i'lC;or -Q

R •• Q'ewrlung: -0-
We: stt that In !hlS appllCllion Q lS inti·

nutdy linked w,th the rate: of ocoy of OKil.
luioo in a diss'eam'e circulI. BefOf\e ....e leave
the subltct 01 Q and po....er, 1tt us menuon
buefly t'tI<'o OIher facton ....hlCh find com·
mon us>;ge m elect rial C'Oginec:ring. 11M:
first of lhc:sc: is the ,btut angft bc:t ....een lhe
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curf('flt and the dllvlng \'oltage in a cirruil
conumlng ~ance a.od ~KllfKe. If we:
once a8"m .rbitrarily limit oundvC'$ 10 «Ill'

sldc:n.!IQn of Induetors, the ~prftSion for
phase: angle is the familiu lormulJ.:

Ian ,p -wL./R. ~Q

Or: Q _ (ranaenl 01 d»e phase' angle.)
Oosdy :associated with the ph~ angle

IS lhe: lDwtr 'Mltn'. The power factor of :an
mduaor 15 the rUI() of the loul ,.UtJl4Jffl

absorbtng pawn to the total ;"'/'''41ur of
the ~·lCe. lUId IS d~ignate'd by- Cos ¢ :

R R
~'".., ...Co,,p-vii!+fal2L1 - R.J !+wi[5

I R~

- fT+V

Thi. i. approx.illl:ltely Cos,p-t.
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where 6 is the 

e logarithmic decrement. 

2. Resonant R i s e  i n  
Voltage Q = E  

square root of the change in capacitance. 
For incremental quantities this reduces to 2. 

The relationship which has found almost 
universal acceptance in the design of instru- 
ments for the direct measurement of Q makes 
use of the resonant rise of voltage printiple 
outlined above. In such instruments, a small 
radio frequency voltage of known magnitude 
is injected into the resonating circuit across 
a very small series resistor. At resonance 
this voltage causes a current to flow which 
is limited only by the magnitude of the total 
equivalent series resistance of the circuit. The 
current flowing through the inductor results 
in the resonant rise of voltage given by E = 
eQ. This magnified voltage is read by a 
vacuum tube voltmeter connected across the 
resonating capacitor. Since the series voltage 
injected into the circuit is known, it is possi- 
ble to calibrate the scale of the voltmeter 
directly in values of Q. 

m-d:&.x -___. 
~ p’-t”---- 
.Jcy-,i 

CONCLUSION 

W e  have seen that the conventional ex- 
pression for the magnitude of Q can be 
derived from the basic concept of energy 
stored compared to energy dissipated per 
cycle in a resonant system. Its use as a meas- 
ure of the damping effect in decaying wave 
trains, its relationship to phase angle and 
power factor, and the selectivity of a reson- 
ant circuit are seen to come out of energy 
and power consjderations. In addition to 
these factors, such critical basic measure- 
ments as radio frequency resistance of a wide 
variety of components, the loss angle of 
capacitors, dielectric constants, characteristics 
of antennas, and transmission line parameters 
are all part of the continually expanding list 
made practical by a simple, direct-reading 
instrument for the measurement of Q, the 
Q-Meter. 
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Basic Formulas Involving Q 
A .  TWO-TERMINAL IMPEDANCE 

F O R M U L A S  R E L A T I N G  E Q U I V A L E N T  SERIES AND PARALLEL C O M P O N E N T S  

General Q greater Q less 
Formula than 10 than 0.1 

General 
Formula 

Q greater 
than 10 

Q less 
than 0.1 

B .  TUNED CIRCUIT 

1. Selectivity 3. Power Dissipation 
Q = f o  = 2C0 
7 7 ,  c,-c, 
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b, Damped Oscillations
Q .......!.. where 8 is the•logarithmic decrement.

and for inductors, Q ~

ran" wL
¢

3. Powet Dissipation

a. Power Faetor ~ cos ¢
R...!

.. .jR:I+L 2C<)2" Jl+Q'

1 = ~"- == ...CaR, Xo

= ..L.
R,

FormulasBasic

FORMULAS RElATING EQUIVALENT SElIES AND PARALLEL COMPONENTS

Q x,
="jf,"

A. TWO-TERMINAL IMPEDANCE

(;,•• ,,1 Q g...... , QI.... (;<,..,.1 o ~....«, Q I,,,
Fo,,"ulo dun '0 ,"".0,' Fo'mul. ,h•• to th•• O.1
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1..,=L,. c. L"Q' r.""" L .!...+Q: ~ r." = ~:L. = I.."T+Q' e e C.• Q'

I+Q' c, == c" C, "-- ~~. c. -C Q' C. c" = C.Q'Co == c,,-Q' - 'I+Q' -c.

B. TUNED CIRCUIT

1. Selectivity

QA: -a
I· 2 2 I

Where f I and f2 are half
power points and Co C t• •and C 2 are capacitance
values at fo f 2 andf l
respectively.

2. Resonant Rise in
Voltage Q .. £;.

<

For relarively large R.
(low Q), E ..e~
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by a steatite bushing. To provide maximum 
protection against moisture, the unit is her- 
metically sealed, evacuated, and filled~ with 
dry helium under pressure. 

The Q-Standard 
A NEW REFERENCE INDUCTOR FOR CHECKING Q METER PERFORMANCE 

Dr. Chi Lung Kang 
James E .  Wachter 

Widespread acceptance of the Q Meter as 
a basic tool for electronic research and de- 
velopment has lead, in recent years, to an 
increasing demand for some convenient 
means of checking the performance and 
accuracy of the instrument periodically in 
the field. 

As a result of this demand, BRC engi- 
neers have developed- the recently-announced 
Q-Standard Type 513-A, a highly stable 
reference inductor, intended specifically for 
use in checking the performance of Q Meters 
Type 160-A and 260-A. By comparing the 
accurately-known parameters of this induc- 
tor directly with the corresponding values 
read on the Q Meter, the user may now ob- 
tain a dependable indication of the accuracy 
with which his Q Meter is operating. 

The Q-Standard is designed and con- 
structed to maintain, as nearly as possible, 
constant electrical characteristics. In external 
appearance the unit is very similar to the in- 
ductors (Type 103-A) which are available 

b' 

for use as accessory coils in a variety of Q 
Meter measurements. This resemblance is 
only superficial, however, since highly spe- 
cialized design and manufacturing techniques 
have been required to provide the high de- 
gree of electrical stability demanded of such 
a unit. 

The inductance element consists of a high- 
Q coil of Litz wire wound on a low-loss 
steatite form. After winding, the coil is 
heated to remove any moisture present, coat- 
ed with silicone varnish, and baked. A stable, 
carbon-film resistor is shunted across the 
coil to obtain the proper Q-versus-frequency 
characteristics. The coil form is mounted on 
a copper base which in turn is fitted to a 
cylindrical, copper shield can. The coil leads 
are brought through the base to replaceable 
banana plug connectors which allow the 
unit to be plugged directly into the Q Meter 
COIL posts. The low potential connector is 
mounted directly on the base, while the high 
potential connector is insulated from the base 

ELECTRICAL CHARACTERISTICS 

The principal electrical characteristics of 
each individual Q-Standard are measured at 
the factory and stamped on the nameplate 
of the unit. These include the inductance 
(L) ,  the distributed capacity (Cd),  and 3 
values of effective Q (Q,) and indicated Q 
(Qi), determined at frequencies of 0.5, 1.0 
and 1.5 mc, respectively. 

The effective Q may be defined as.' the Q 
of the Q-Standard assembly mounted on the 
Q-Meter, exclusive of any losses occurring in 
the measuring circuit of the Q Meter itself. 
It differs from the true Q by an amount 
which depends largely on the dgtributed. 
capacitance of the inductor. At -,the fre- 
quencies for which Q, is given, the following : 
relation is approximately correct: 

TRUE Q = Q~ (1  +.cd/c') .: 
Where C' and C', are corrected values of 
resonating capacitance and distributed 
capacitance, respectively, as described 
below. 
The Q of the unit as read on an average 

Q Meter (indicated Q )  will differ from the 
effective Q by a small percentage which is 
the result of certain losses inherent in the 
measuring circuit of the instrument. These. 
losses are minimized, and may usually be 1 

disregarded in all but exacting measure- 
ments. However, to provide a more accurate 
check on the Q Meter reading, The.,.Q- 
Standard is also marked with values of in-, 
dicated Q. Small variations in the calibration 
of both the Q Meter and the Q Standard 
may cause individual instruments to deviate, 
slightly from the expected reading, but a Q 
Meter Type 160-A or 260-A which indicates 
within .t7'/c of the Qi value marked on the 
Q-Standard may be considered to be oper- 
ating within its specified tolerances. Al- 
though quantitative indications are not pos- 
sible, it is worthwhile to note, when wider 
deviations are I encountered, that an error 
which is greatest at 0.5 mc may indicate cali- 
bration inaccuracy, while one which becomes 
severe at 1.5 mc may be caused by excessive 
shunt loading effects. 

In addition to checking indicated Q, the 
Q-Standard may be used to determine the 
calibration accuracy of the Q Meter reson- 
ating capacitor. This may be done readily by 
tuning the measuring circuit to resonance at 
any desired frequency within the resonant 
limits of the Q-Standard, and comparing the 
reading on the capacitor dials .with the value 
predicted by !he expression, 

1 c = -  - c  ozL d 

The measuring circuit of a Q Meter Type 
160-A or 260-A, with a Q-Standard mounted 
on the COIL posts, is represented in Fig. 2-a. 
Here R, is the Q Meter shunt loss, Q is the 
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The Q-Standard
A NEW REFERENCE INDUCTOR FOR CHECKING Q METER PERFORMANCE

Dr. Chi Lllng Kong

The principal elretriC21 chancr:eristies of
each individual Q.Standard arc measured at
the factory and 5tamJ>C'<! on the nameplate
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of the Q.Standard assembly mounted on the
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the measuring circuit of the Q Meter itsrlf.
It dlffrrs from the uur Q by an amount
"'hich depends largely on the distributed
C2pacitance of lhe inductor. .....t the fre
quencies for which Q~ is given, the following
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TRUE Q. Qe (I + Cd Ie'')

Wherr C' and C. are corrected values of
resonating capacitance and distributed
capacitance, respectively, as described
below.
TIle Q of the unit as r<'ad on an average:
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effective Q by a small percenlage which is
the result of ~rrain losses inherent in the
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mm15. HO""Cl'er, to provide a more :accurate
ched:: on the Q Meter reading, the Q.
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slightly from the expected reading, but a Q
Meter Type 160-..... or 260· ..... which indicates
within ± 7 'if of the QI value marked on the
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ating within its specified tolerances. .....1·
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s,ble, it is worthwhile to note, when w,der
deviations are encountered, that an error
which is greatest lit O.~ IlK may indicate cali·
bration inaccuracy, while one which becomes
severe at (.) me may be caused by (']fccss,,'e
shunt loading effectS.

In addition to checking indic;tled Q, the
Q.Standard may be uscd 10 detttminc the
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pledieted by 'h~ rxpression,

I
C".;2L - Cd

The measuring circuit of a Q Meter Type
160·..... or 260· ..... , with a Q-Standard mounted
on the COl L posts, is represented in Fig. 2-a.
Here R,. is the Q Meter shunt loss, Q is the
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means of checkmg the performance and
aCCUrKy of the instrument petlodicdly in
the field.

10$ a resull of Ihis <kmand. BRC engi.
nett'S have dt'Vrlopc'd the recrntly.mnOUn<:ed
Q-Slllndard Type H}· ..... , a highly stab{r
rrfrren<:r mductOl, mtrnded spa:ifically for
UJC in checking the performancr of Q Metrrs
Type 160-..... and 260- ...... By comparing thr
accurately.known paramctrrs of this induc_
tor dirretly with Ihr corresponding valut$
read on Ihr Q Mrter, the usrr may now ob·
tain a dependable indication of the accunlcy
",uh which his Q Mrtcr is operating.

The Q.Standard is deSigned and (on·
structed to maintain, as nearly as possible,
constant electrical charactenstics. In external
appe;trance the un,t is very similar to the in.
ductors (Type 103· ..... ) which are available
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Q-indicating meter, Ri is the Q Meter injec- 
tion resistor, and C’ is the resonating capaci- 
tance. L, R and CL represent the inductance, 
series resistance and corrected distributed 
capacitance, respectively, of the Q-Standard. 
The equivalent circuit shown in Fig. 2-b in- 
dicates the corresponding effective para- 
meters of the Q-Standard, which are related 
to the values in Fig. 2-a as follows: 

L 
1 - 0  L c ;  

w Le 
Qe = R, 

-Q Standard C 

1 1  
v -  

HI HI I I HI HI 
Figure  2. Schematic representation of Q 

Meter measuring circuit  wi th  Q-Stand- 
ard attached. 

It is worthwhile to consider, briefly, the 
corrected value of distributed capacitance 
(C;) mentioned above. This value is the 
distributed capacitance of the Q-Standard 
when it is actually mounted on the Q Meter. 
It differs by a small, constant value from 
the distributed capacitance (C,) marked on 
the nameplate, because of a capacitance shift 
caused by the proximity of the Q-Standard 
shield can to the Q Meter HI  post. This 
proximity causes the transfer of a small value 
of capacitance from between the Q Meter HI 
post and ground to between the HI post and 
the Q-Standard shield can. This results in a 
change in the calibration of the resonating 
capacitor, and a corresponding change in the 
Q-Standard distributed capacity. 

Thus, if the tuning dial of the resonating 
capacitor is adjusted to a value, C, with 
nothing attached to the coil posts, the actual 
value of tuning capacitance will be reduced 
by a small constant to a new value, C’, when 
the Q-Standard is connected. At the same 
time, the distributed capacitance of the Q- 

Standard is increased to become Cd’. The 
magnitude of this effect is 0 . 4  ppf, and we 
may write, 

C‘ = C - 0 . 4  ppf 

C d = Cd + 0.4 ppf 

When the Q-Standard is used to check the 
calibration of the resonating capacitor, in the 
manner described above the value, Cd, in- 
dicated on the nameplate is used. In other 
applications, however, where accurate results 
are desired, the corrected values, C’ and Cd’, 
must be used. In determining Q, for ex- 
ample, 

it can be seen that the correction may assume 
some importance, particularly at 1.5 mc, 
where C’ is relatively small. 

It should be noted that, in order to hold 
this proximity effect constant, particular care 
has been taken to provide for accurately- 
reproducible positioning of the Q-Standard 
with respect to the Q Meter H I  post. For 
this purpose, the base of the high-potential 
connector serves as a mounting stop. When 
this connector is fully inserted in the HI  
post, the low potential connector (which is 
the shorter of the two) will not be fully 
seated in the LO post, and the insulated sup- 
port attached to the Q-Standard base will not 
touch the top of the Q Meter cabinet. 

If desired, a secondary standard inductor 
may be derived from the Q-Standard by 
means of a comparison method which is both 
simple and accurate. The accuracy of the Q 
Meter, which is the only equipment needed, 
has only higher order effects on the results. 

The inductor selected should have elec- 
trical parameters and outside shield dimen- 
sions which are fairly close to those of the 
Q-Standard. The standardization (i.e. ac- 
curate determination of the effective Q of 
the secondary standard) is done as follows: 
First, plug the Q-Standard into the Q Meter 
and resonate the measuring circuit at one of 
the three frequencies (0.5, 1.0 or 1.5 mc) 
for which Q, is given on the Q-Standard 
nameplate. Then replace the Q Standard 
with the secondary standard and obtain 
readings of AQ (from the AQ scale) and 
A C  (C, - C2). With the data given on 
the Q-Standard nameplate, determine C’ 
from, 

C’ = 1 2 L  - (Cd + 0.4 ppf)  

The effective Q of the secondary standard 
may then be determined from the relation, 

Q,(unkown) 

where C,, L and Q, are given on 
the Q-Standard nameplate. 

Service Note 
REPLACING THE THERMOCOUPLE 

v/ ASSEMBLY TYPE 5 6 5 - A  IN THE 

Q METER TYPE 2 6 0 - A  

It is the function of the Q Meter thermo- 
couple to monitor accurately the voltage in- 
jected by the oscillator into the measuring 
circuit. Although the unit in the Q Meter 
Type 260-A has been made considerably more 
rugged than that of the older Q Meter Type 
160-A, it is necessarily a sensitive device 
which may be subject to damage or burnout 
under prolonged overload. For this reason, 
care is necessary in operating the instrument 
to avoid increasing the oscillator output (in- 
dicated on the X Q  Meter) into the “red- 
lined” region beyond the indicated X1  value. 

I 

Figure  7 .  Thermocouple Assembly T y p e  
565-A 

If thermocouple failure should occur, the 
assembly may be replaced, by the user, with 
a new assembly obtained from the factory, if 
the proper care is taken. In ordering, it is 
necessary to include the serial number of the 
Q Meter in which the thermocouple is to 
be used since they must be individually 
matched. The procedure outlined below is 
presented as reference material for the con- 
venience of Q Meter Type 260-A owners. 

CHECKING FOR THERMOCOUPLE FAILURE 
If no reading can be obtained on the XQ 

meter, thermocouple burnout may be sus- 

X Q  METER 

Figure  2. Thermocouple circuit  of the  
Q Meter T y p e  260-A. 
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NoteService
REPLACING THE THERM.OCOUPLE

ASSEMBLY TYPE 565.A IN THE

Q METER TYPE 260-.4.

It is the function of the Q Meter thermo
couple to monitor accurately the voltage in
jected by the oscillator ioto the measuring
circuit. Although the unit in the Q Meter
Type 260-A has been made considerably more
rugged than that of the older Q Meter Type
160·A, it is necessarily a sensitive device
which may be subject to damage or burnout
under prolonged overload. For this reason,
care is nc<:cssary in operating the instrum.... nt
to avoid increasing the oscillator output (in
dicated on the XQ Meter) ioto the "red
lined" region bei'ond the indicated XI value.

F/""re 2. Thermocouple circuit of ,h_
Q M.t.r Type 260.A.

Fill'''. I. Tlrermocoup'_ Ass.mbly Type
S6S.A

[f thermocouple failure should occur, the
assembly may be replaced, by the user, with
a new assembly obtained from the factory, if
the proper care is taken. In ordering, it is
necessary to include the serial number of the
Q Meter in which the thermocouple is to
be used since they must be individually
matched. The prlxedl.lrc outlined below is
preSC'tlted as referenc!' materia! for the con·
venience of Q Meter Type 26o-A owners.

CHECKING FOR THERMOCOUPI.E FAILURE

If no reading can be obtained on the XQ
meter, thermocouple burnout may be sus-

C' < _1_ - (Cd + 0.4 ,tpf)
2L

The effecti'·e Q of the secondary standard
may then be determined from the relation,

Q.(uokown) =
MC '+.6.C)

it can be seen that the correction may assume
some importance, particularly at I., me,
where C' is rdatively small.

It should be noted that, in order to hold
this proximity effect constant, particular care
has been taken to provide for accurately.
reproducible positioning of the Q-Standard
WIth respect to the Q Meter HI post. For
this purpose, the base of the high-potential
connector serves as a mounting stop. When
this connector is fully inserted in the HI
post, the low potential connector (which is
the shorter of the two) will not be fully
seattd. in the LO post, and the insul:J.ted sup
port attached to the Q-Standard base will not
!Ouch the top of the Q Meter cabinet.

If dt'$ired, a secondary standard inductor
may be derived from the Q-Standard by
means of a comparison method which is both
simple and accurate. The accuracy of the Q
Meter, which is the only equipment n~ded,

has ooly higher order effects on the rcsults.
The inductor selected should have elec

trical parameters aod outside shield dimen
sions which are fairly close to those of the
Q-Standard. The standardization (i.e. ac
cutate determination of the effective Q of
the secondary standard) is done:as follows:
First, plug the Q-Standard into the Q Meter
and resonate the measuring circuit at one of
the three frequencies (0.', 1.0 or I., me)
for which Q. is given on the Q-Stamlard
nameplare. Then replace the Q Standard
with the secondary standard and obtain
rea.dings of fl.Q (from the fl.Q scale) and
fl.,C (CI - C2 ). With the data given on
the Q-Standard nameplate, determine C'
from,

Standard is increased to becom(' Cd'. The
magnitude of this effect is 0.4 ,.,.f, and we
may write,

C' - C -0.4 I-l/Lf

Cd - Cd +O.4/LfLf

When the Q·Standard is used to check the
calibration of the resonating capacitor, in the
manner described above the value, Cd, in
dicated on the nameplate is used. In other
applications, however, where accurate rtsults
are desired, the corrected values, C' and Cd',
must be used. In determining Q. for ex
ample,

R
R•

It is worthwhile to consider, briefly, the
corrected value of distributed capacitance
(~') m('ntioned above. This value is the
distributed capacitance of the Q·Standard
when it is actually mounted on the Q Meter.
It differs by a small, constant value from
the distributed capacitance (C.) marktd. on
the nameplate, because of a capacitance shift
caused by the proximity of the Q-Standard
shield can to the Q Meter HI post. This
proximity causes the transfer of a small value
of capacitance from between the Q Meter HI
post and ground to between the HI post and
the Q-Standard shield can. This results in a
change in the calibration of the resonating
capacitor, and a corresponding change in the
Q-Standard dimibuted capacity.

Thus, if the tuning dial of the resonating
capacitor is adjusted to a value, C, with
nothing attached to the coil posts, thc actual
value of tuning capacitance will be reduced
by a small constant to a new value, C', when
the Q-Standard is connected. At the same
time, the distributed capacitance of the Q-

Q.;ndicating m~ter, R l is the Q Meter injcr
lion resistor, and C' is the resonating capaci
tance. L, Rand C": represent the inductance,
series resistance and correded distribmN
capacitance, respo::tivdy, of the Q.Standard.
The equivalent circuit shown in Fig. 2-1> in
dicates the corresponding ..ffutill" para
meters of the Q-Sbndard, which are related
to the values in Fig. 2-a as follows:

L

Flv,,,.2. Sell.malic: "'pT••e,,'''''on ..1 QM.,., m.......,nll circuit with Q.S'one/_
orr/ 01101'/'.<1.
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pected. Since this symptom may also be 
produced by failure of the local oscillator, 
however, the output of the latter should be 

Q checked first. This may be done by measur- 
ing from point A (See Fig. 2 )  to ground 
with a vacuum tube voltmeter. If the oscilla- 
tor produces a ,voltage across these points, 
disconnect one lead from the X Q  meter and 
check for continuity between points A-C, 
A-B, B-D and C-D. An open circuit between 
any of these indicates thermocouple failure. 
The maximum resistance of the X Q  meter is 
65 ohms; the total resistance of the junction 
circuit loop, including the X Q  meter, cali- 
bration resistors and thermocouple element, 
can vary from 85 to 115 ohms. CAUTION: 
Do not disassemble the thermocouple unit. 

REPLACEMENT PROCEDURE 
The 565-A thermocouple replacement as- 

sembly for the Q Meter Type 260-A includes 
the thermocouple unit itself, a 0.02 ohm in- 
sertion resistor, two calibration resistors and 
two filter capacitors. Replacement of the 
assembly should be made as follows: 
1. Remove the front panel and chassis as- 
sembly from the Q Meter cabinet and place 
it, face down, on a flat work surface. 
2. Remove the UG-88/U plug from the re- 
ceptacle at the rear of the thermocouple 
assembly. 
3. Unscrew and remove the LO binding post 
terminal nut. Then, using a right-angle 
soldering iron (see Fig. 3),  carefully un- 
solder the thin metal strap which connects 
the thermocouple unit to the bottom of the - 4. Remove the terminal lugs from the X Q  
meter and unclamp the cable from the front 
panel and resonating capacitor frame. 
5. Remove the four mounting screws from 
the thermocouple assembly, and carefully 
remove the assembly from the Q Meter. 
6. Install the new unit and connect the at- 
tached cable to the X Q  meter terminals, 
observing .the indicated polarity. Clamp the 
cable to the front panel and resonating capa- 
citor frame. 

LO post. 

Figure 3. Using a right-ongle soldering 
iron to solder the thermocouple con- 
necting strap in place 

7 .  Trim the connecting strap to a length 
which will permit it to reach the bottom of 
the LO post with a small amount of slack to 
allow for binding post movement. Solder 
this strap to the LO post, being careful not to 
leave the iron in contact with the strap any 

8. Replace the binding post nut and return 
the instrument to its cabinet.- E .GRIMM 

- longer than necessary. 

an introduction to 

BOONTON RADIO CORPORATION 
Frank G. Marble, Sales Monager 

The Boonton Radio Corporation was With the new Q Meter, measurements were 
formed in 1934. Since that time it has been simple and rapid, and the instrument proved 
developing, designing, and manufacturing capable of many additional valuable labora- 
precision electronic instruments. To under- tory measurements on basic components and 
stand some of the details of the Company’s circuits. The flexible, accurate, easily used 
growth, we must take a look at the field instrument was accepted almost immediately 
of electronics for a few years preceding 1934. by the growing radio industry. 

Many of the concepts that made wireless By 1941 a new model, replacing the 
communication possible were discovered be- earlier Q Meter, was introduced and the 
fore the First World War. During this war Company undertook development work on 
many new ideas evolved and considerable a frequency-modulated signal generator to 
practical experience was gained in the use meet the requirements for test equipment 
of the new ideas. A keen public apprecia- which the new frequency-modulated com- 
tion of the usefulness of the transmission of munication equipment demanded. Com- 
intelligence over a distance without wire con- mercial instruments were made available 
nection appeared at this period. In the years and Boonton Radio Corporation continues 
following the war, manufacturers began de- to this date to make several forms of fre- 
voting time and money to the use of radio quency-modulated test signal generators. 
devices for many purposes. They found it The early years of the Second World 
necessary to obtain component parts which War brought the use of higher and higher 
were new to most of them, and they needed frequencies, and a Q Meter similar to the 
methods for testing both the component earlier models, but applicable to higher fre- 
parts and their final products. quencies, was designed. At the same time 

Under these conditions the Radio Fre- the activities of the Company were directed 
quency Laboratories was organized in Boon- more and more to military applications. Its 
ton, New Jersey. The staff consisted, at first, Q Meter and Frequency Modulated Signal 
of one radio engineer, and their work con- Generators were widely used in military 
cerned the manufacture of coil forms and work and the Company produced a pulse 
other radio parts using insulating material. modulated RF signal generator for use in 
As time passed, additional technical person- testing radar systems. This instrument was 
ne1 was added and the work of general engi- produced in large quantities and is still used 
neering consultation was undertaken. This by all military services. 
type of work naturally led to a good under- At the end of the War the FM Signal 
standing of test equipment requirements. Generator was redesigned to permit coverage 

In 1934, Mr. William D.  Loughlin, who of a wider frequency range, to include AM 
had been President of Radio Frequency as well as FM, and to obtain deviations in 
Laboratories, together with several of his frequency which did not vary with carrier 
associates, formed the Boonton Radio Cor- frequency. Thi,s instrument had very low 
poration. The first product of the new leakage and a wide selection of accurately 
company was a Q Meter which read Q di- calibrated output voltages. It soon became 
rectly on a meter scale. Up until that time the standard in its field and still maintains 
the measurement of Q had been made in- that position. 
directly by use od bridges for measuring the The aircraft transportation field in the 
effective reactance and resistance concerned. 1940’s was developing more accurate meth- 
These measurements had been subject to error ods of navigation and better methods of 

ful measurements took a great deal of time. these problems was approved by the Civil 
because of the techniques required, and use- landing in bad weather. A system for solving 
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With the new Q Meter, measurem('nts were
simple and rapid, and the instrument proved
capable of many additional valuable labora
tory measurements on basic components and
circuits. The Al?[ible, accurate, easily used
instrument was a<Xcpted almost immediatC'iy
by the growing radio industry.

By 194\ a new model, replacing the
earli('r Q M('ter, was introduced and the
Company undertook development work On
a frequency-modulated signal generator to
me('t th(' requirements for test equipment
which the new frequency-modulated com·
munication equipment demanded. Com
mercial instruments were made available
and Boonton Radio Cotporation continues
to this date to make scveral forms of fre·
quency-modulated lest signal generators.

The early years of the Second World
War brought the usc of higher and higher
fr~uencies, and a Q Meier similar to the
earlier mod('ls, but applicahl(' to higher fre
quencies, wa.o; designed. At the same time
the activities of the Company were directed
more and more to military applications. Its
Q Meter and Frequency Modulated Si~nal

Gmerators were widely used in mihtary
work and the Company produced a pulse
modulated RF signal generator for use in
testing radar systems. This instrument was
produced in large quantities and is still used
by all military services.

At th(' end of the War the FM Signal
Generator was redesigned to permit coverage
of a wider frequency tangt:, to include AM
as well a'l FM, and to obtain deviations in
frequency which did not vary with carrier
frequency. This instrument had very low
leakage and a wide selection of accurately
calibrated output voltages. It soon became
th(' standard in its fidd and stiJl maintains
that position.

The aircraft transportation field in the
1940's Wa'l developing more acC\lrate melh_
ods of navigation and better methods of
landing in bad weather. Asystem for solving
these problems was approved by the Civil

RADIOBOONTON

JJj

~::-<:.JJJJ t --::s.~ •

The Boonton Radio Corporation was
formed in 1934. Since that time it has been
developing, dcsi;l;lning, and manufacturing
precision electromc instruments. To under
stand some of the details of the Company's
growth, we mll$t take a look at the field
of electronics for a few years preceding 1934.

Many of the concepts that made wireless
communication possible were discovered be
fore the First World War. During this war
many new ideas evolved and .;:onsiderable
practical experience was gained in the use
of the new idea.o;. A keen public apprecia
tion of the usefulness of the transmission of
intelligence over a distance without wire COn
nection appeared at this period. In the years
following the war, manufacturers began de·
"oting time and mO!l('y to the uSC of radio
devices fOt many purposes. They found it
necessary to obtain component parts whidl
were new to mOSI of them, and they needed
methods for testing both the component
parts and their final products.

Under these conditions the Radio Fre
quency Laboratories was organized in Boon
ton, Nl'W Jersey. The staff consist('d, at firsl,
of one radio enginCC'r, and their work con
c('rned the manufactl.lrt of coil forms and
other radio parts u_~ing insulating material.
As time passed, additional technical person·
nel was added and the work of general engi.
neering consultation wa.o; undertaken. This
type of work naturally Jed to a good under·
standing of te'St equipment requitements.

In 1934, Mr. William D. Loughlin, who
had been President of Radio Frequency
LaboratoriC5, logether with s('V('ral of his
associates, formed the Boonton Radio Cor·
poration. The first product of tbe new
company was a Q Meter which read Q di
rectly on a meter seal<-. Up until that time
the measurement of Q had been made in
directly by usc of bridges for measuring the
effective reactance and resistance concerned.
Thesc measurements had been subject to error
because of the techniques required, and usc
ful measurements took a great deal of time.

Frank G, Marble, Sal•• 1o! ..nago.t

an introduction to

peeled. Since this symptom may also be
produceJ by failure of the local oscillator,
however, the output of the latter should be
chct:ked first. This rna}' be done by measur·
ing from point A (&'e Fig. 2) to ground
with a vacuum tube voltmeter. If the oscilla
tor produces a 'voltage across these points,
disconnect one lead from the XQ meIer and
check for continuity \x.1.weefl points A-C,
A.B, B-D and CoD. An open circuit between
any of these indicates thermocouple failure.
The ma>:imum resistance of the XQ meter is
6~ ohms; the total resistance of the junction
circuil loop. including the XQ meter, cali·
bration resistors and thermocouple clement,
can vary from 8~ to llj ohms. CAUTION:
Do not disassemble the thermocouple unit.

REPLACEMENT PIt.QCEOURE
The )6)·1\ thermocouple replacement a.o;.

sembly for the Q Meter Type 26Q-A includes
th~ thermocouple unit itself, a 0,02 ohm in
sertion resistor, two calibration resistors and
two filter capacitors. Replacement of the
assembly should be made as follows:
l. Remove the front panel and chassis as
sembly from the Q Meter cabinet and place
it. face down, on a Aat work surface.
2. Remove the UG-88jU plug from the re·
ceptacle at the rear of the thermocouple
assembly.
3. Unscrew and remove the LO binding post
terminal nut. Then, using a right_angle
soldering iron (see Fig. 3), carefully un
solder the thin metal strap which connects
the thermocouple unit to the bottom of the
LO post.
4. Remove the terminal lugs from the XQ
meier and undamp the cable from the front
panel and resonating capacitor frame.
}. Remove the four mounting screws from
the thermocouple assembly, and carefully
remove the assembly from the Q Meter.
6. Install the new unit and connect the at
tached cable to th(' XQ mder terminals,
observing the indicated polarity. Clamp the
cable to the front panel and resonating capa
citor frame.

Fig.". 3. U.lng a dgh'.angl....I<I.tlng
Iron to ...Id.r t". th.......c...,ple ca_
nectlnll "trop In plac.

7. Trim the connecting strap to a length
which will P<'rmit it to reach the bottom of
the LO POSt with a small amount of slack to
allow for binding post movement. Solder
this strap to the LO post, being careful not to
leave the iron in contact with the strap any
longer than necessary.
8. Replace the binding post nut and rtturn
the instrument to its cabinct,- E .GRIMM
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Aeronautic Administration and put in use 
both commercially and by the military serv- 
ices. Unusually accurate and specialized test 
equipment was required by this system and 
Boonton Radio Corporation was asked to 
undertake a design. A Signal Generator for 
Navigation equipment was produced in 
1947 and an additional piece of equipment 
for testing receivers used in landing air- 
planes came very shortly after this. In 1952 
the Company produced I more advanced 
model of the “Glide Path” testing equip- 
ment for the landing of aircraft. 

In the last few years, the Company has 
turned its efforts to the development of self- 
contained, broad-band, flexible instruments 
containing RF bridges for measurement of 
components and cables. A new instrument, 
the RX Meter, was introduced which meas- 
ures parallel resistance and parallel reactance 
of two-terminal networks over the LF and 
VHF ranges. The low frequency and high 
frequency Q Meters have been redesigned to 
include new features which increase the use- 
fulness and accuracy of the equipment. 

Companies, like people, have character- 
istics which identify them. From its forma- 
tion to the present time, the Boonton Radio 
Corporation has built products of high qual- 
ity. No  attempt has been made to produce 
cheap instruments, and the quality and use- 
fulness per invested dollar has been kept 
high. Close tolerances, high stability, me- 
chanical soundness, and broad applicability 
have all been built into the Company’s equip- 
ment. The Company regards its products as 
fine general-purpose tools for electronics 
craftsmen. 

Since this is the first issue of THE NOTE- 
BOOK, it seems appropriate to take a few 
lines to define the policies and purpose of 
our new publication. Briefly, THE NOTE- 
BOOK has been planned and produced in 
order to distribute, to you and to as many 
interested persons as possible, information 
which we feel to be of value on the theory 
and practice of radio frequency testing and 
measurement. 

In the past we have limited ourselves sub- 
stantially to advertising, catalogs and in- 
struction manuals for the broad distribution 
of such information. Inevitably, much im- 
portant data was found to be too detailed 
for ads and catalogs; many new applications 
and techniques were learned or developed 
after publication of the instruction manuals. 
To provide a means, therefore, of informing 
you periodically of new methods and de- 
velopments, and to furnish you with refer- 
ence and background material of value in 
the application of our test equipment, THE 
NOTEBOOK has been established. 

W e  feel that the name which we have 
selected is particularly appropriate, since 
much of the information which it will con- 
tain will be taken from our field and labora- 
tory engineering notebooks, and since this 
and subsequent issues will, we believe, find 

a place in your own reference notebook. For 
the latter purpose, we have adopted standard 
notebook dimensions and punching in select- 
ing our format. 

Because the Q Meter is so well known 
and widely used, we have devoted most of 
the first issue to this instrument and the 
quantity which it measures. Our lead article 
discusses the nature of Q itself, using an ap- 
proach somewhat different from the usual 
textbook handling of the subject. Then we 
have included some information on the re- 
cently-developed Q-Standard, a reference in- 
ductor designed to provide a check on Q 
Meter performance. A service note provides 
detailed information on the replacement of 
the thermocouple in the Q Meter Type 
260-A. Finally, to introduce ourselves to 
you, we have included a brief outline of the 
history of our company. 

THE NOTEBOOK will be published four 
times a year; in March June, September and 
December. A written request, giving your 
company, title and mailing address is enough 
to start you as a subscriber. If you have any 
suggestions, comments or questions concern- 
ing the contents or policies of THE NOTE- 
BOOK, we would be happy to have you 
direct them to Editor, THE NOTEBOOK, 
Boonton Radio Corp., Boonton, N. J. 
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BOONTON RADIO CORPORATION THE NOTEBOOK

We feel that the natm· which we have
selected is particularly appropriate, since
much of the information which it will con
tain will be taken from our fi(·ld and labora
tory engineeting notebooks, and sinc(' this
and subse<J.uent issues will. we beliew, find

Since this is 1he first issue of THE NOTE·
BOOK, it seems appropriate to take a few
lines to define the policies and purpose of
our new publication. Briefly, THE NOTE·
BOOK has bttn planned and produced in
order to distribute, to you and to as many
inter('Sted persons as possible, information
which we feel to be of value on the theory
and practice of radio frequency testing and
measurement.

In the past we have limited ourselves sub
stantially to advertising, catalogs and in·
struction manuals for the broad distribution
of such information. Inevitably, much im
portant data was found to be too dttailed
for ads and catalogs; many new apj,lications
and techniques were learned or evcloped
after publication of the instruction manuals,
To provide a means. thertfore, of informing
you periodically of new methods and de
velopments. and to furnish you with reftr
ence and background material of value in
lhe application of our test equipment, THE
NOTEBOOK has been cstablished.

a place in )·our own reference notebook. For
the latter purpose, we have lIdopted standard
notelx)Ok dimensions and punching in select·
ing our format.

Editor ...

Bc'Cause the Q Metcr is so well known
and widely used, we have devoted most of
the first issue to this instrument and the
quantity which it measures. Our lead article
discusses the nature of Q itself, using an ap
proach somewhat difftrtnt from the usual
lextbook handling of the subjl'<:t. Then we
have included some information on the reo
cently-developed Q.Standard, a reference in
dUClOr designed to provide a chc'Ck on Q
Meter performance, A service note provides
detailed information on the replacement of
the thermocouple in the Q Meter Type
260·A, Finally, to introduce ourselves to
you, we have included a brief outline of the
history of our company.

THE NOTEBOOK will be published fout
times a year; in March June, September and
December. A written request, giving your
comp"ny. titl(' and mailing address is enough
to start )'01.1 as a subscriber. If you have any
suggestions, comments or questions concern·
ing the contents or policies of THE NOTE·
BOOK, we would be happy to have you
direct them to Editor, THE NOTEBOOK,
Boonton Radio Corp., Boonton. N. J.

TheFromNoteA
Aeronautic Administration and put in use
both commercially and by the military SNV·

ices, Unusually accurate and sJ;>l'<:ialized test
equipment was re<J.l.lired by thiS s}'stem and
Boonton Radio Corporation was asked to
undntake a design. A Signal GeneralOr for
Navigation equipment was produced in
1947 and an additional piece of equipment
for testing rl'Ce;vers used in landing air·
planes came "cry shortly after this, In 19)2
the Company produced a more ad"anced
model of the "Glide Path" testing equip.
ment for the landlflg of aircraft.

In the last few years. the Company has
turned its efforts to the development of self.
contained, broad·band, ne"ible instruments
containing RF bridges for measurement of
components and cables. A new instrument,
till.' RX Meter, was introduced which meas·
L1res par"Uel resistancc and parallel reactance
of two-tcrminal networks over the LF and
VI·IF ranges. The low frequency and high
fre<:juency Q Mders have been redesigned to
include ne'" features which increase th(' use
fulness and accuTaC)' of the e<:juipment,

Companies, like people, have character
istics which identify them. From its forma·
tion to the present time, the Boonton Radio
Corporation 11115 built products of high qual.
ity. No attempt has been m.lde to produce
cheap instrum('nts. and lhe quality and use·
fulness per investc-d dollar has been kept
high. Oosc tolerances, high stability, me·
chanical soundness, and broad applicability
have all b<'<-n built into the Company's equip.
ment. The Company regards its products as
fine general. purpose tools for ek'Ctronics
rraftsmen,
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A Wide-Range V H F Impedance Meter 

JOHN H. MENNIE, Senior Engineer 

T h e  design of a completely self-contained instrument for measuring impedance at  V e r y  
High Frequencies entai ls ,  as might be expected, a number of interesting engineering prob- 
lems. Mr. Mennie describes some of those encountered and solved in the  development of 
the BRC RX Meter 

Ever since the middle of the last 
centurywhen Sir Charles Wheatstone 
first put to practical use a curious 
electrical balancing network which 
had been devised a decade before by 
a fellow Englishman named Christie, 
the bridge circuit has been accepted 
a s  avaluable and powerful tool in the 
field of electrical measurement. 

Even though today bridges, like 
almost everything else, have become 
increasingly complex in order to meet 
the demands of highly specialized ap- 
plications, they retain, fcr the most 
part, the fundamental advantages of 
convenience, sensitivity and accura- 
cy which characterized their more 
straightforward antecedents. 

One of the applications in which 
bridge circuits have been particularly 
useful in recent years is the measure- 
ment of impedances at radio frequen- 

T y p e  2 5 0 4 .  

cies. A number of specialized cir- 
cuits have been evolved for this pur- 
pose. One, theScheringBridge, pos- 
sesses certain features whichmake it 
outstanding. These features may be 
summarized a s  follows: 
1. A constant relationship between 
the bridge elements is maintained re- 
gardless of the frequency impressed 
on the network. 
2. Both of the basic variable bridge 
elements can be air capacitors, which 
a re  infinitely superior to other types 
of variable impedances for high freq- 
uency measurement work. 
3. The circuit residual impedance 
can be kept small enough to permit 
compensation over a wide frequency 
band. 
4. When arranged to measure paral- 
lel components of impedance, shield- 
ing problems are  drastically reduced. 

1 

- :Is ~ ./ 

Figure 1 .  T h e  RX Meter provides a simple, accurate means of measuring, independently, 
the  RF resistance and reactance of  a wide variety of materials, components and circuits. 
dynamic measurements are possible, such as this one being made by C.G. Gorss, BRC 
Development Engineer, on a junction transistor. 

The fundamental circuit was first 
worked out by Schering in 1920 and 
proposed a s  a means for measuring 
dielectric losses at high voltages. 
Many other applications of this cir- 
cuit have been suggested and used 
since then. For instance, in 1933 
D r .  E. L.  Chaffee suggested a form 
of Schering Bridge, a s  a method for 
measuring the dynamic input capaci- 
tance and resistance of vacuum tubes. 

BALANCE E QU A T I  0 N S 
The simplicity andwide frequency 

range of this bridge network can be 
appreciated by an analysis of the im- 
pedance relationships of Fig. 2 for 
the balance condition (i. e. , zero vol- 
tage across the null detector). 

ZAB Z ~ ~ ’  ZAD ZBC at balance, 
or 

Equating rea1.s.. . 

Continued on P a g e  2 

I-------___ 

YOU WILL FIND. . . 
Q Meter Comparison 

A discussion of the design 
differences between the 
new Q Meter T y p e  260-A 
and its predecessor, the  
160-A . . . . . . . . . . . . . . . on Page  5 

Adjustment of the RX Meter 
bridge t r immer .  . . . . . . . . on P a g e  7 

A Service Note 

--------___ 

ZBC at balance,

EQUA TlONSBALANCE

Meter

Q Mel.r Compodsoll
A discuuion of tl... Josj'}n
Jiffe,,,"ces bltt.....n 'I.e
lie.. 0 M.. t.. , Type 260. A
and its p,ed.cnsor, tl.e
1M_A ..•......•.•••• On Po'}c 5

A Service Note

Adjuslment of tile RX Melt(
Mid'}e trim"",, . • • • • • • •• 011 Po'}" 7

YOU WILL FIND..•

-----------

R3 f. 1
'" jwC1 \R4

R3 •
jwC1R4

Equating reals ..•

R - C4R3 ft~d
2-~' .....

The fundamental circuit was first
worked out by Scherlng In 1920 and
proposed as a means for measuring
dielectric losses at high voltages.
Many other applications of this cir
cuit have been suggested and used
since then. For Instance, In 1933
Dr. E. L. Chaffee suggested a form
of Schering Bridge, as a method for
measuring the dynamic Input capaci
tance and resistance of vacuum tubes..

The simpli.city and wide frequency
range of this bridge network can be
appreciated by an analysis of the Im
pedance relationships of Fig. 2 for
the balance condition (i.. e., zero vol
tage across the null detector).

ImpedanceVHF

BOO NTON RA0I 0 COR P0RAT ION • BOO NTON, NEW J ERSEY

i

Wide-RangeA

Fill,,,e J. Tile RX Meter p,ovid.s a simple, occura'e ....Ons of measuring, inde".ndenllr,,II. RF ,uis'ance and ,eoctonu of II wide va,ietyo' materials. components and circuits.
Jynomic "",asurements 0'. pouiDle, sucl. as Illis 0.... beinll made Dr C.G. Gous, BRC
Developmenl Enllinee" On 0 junction t,onslstor.

JOHN H. MENNIE, i"",,,,, Bn~i"",~r

Th. Julin of" c:omplde/y s.lf~ontoin.J 1";<I',,ment lor me"stl,ing impH"n". 0' Very
High Frequenc:ie;< entoils, as might be ."p.cfecl," "limbe, o/lnl.,es,inge"ginee,ing prob.
lems. M., /oIennl. J...ctib<ts sOme of those ..nc...."f..' ..J and solveti in tire Jevelopment of

,It" 8RC RX MeIer Type 250.4-

Ever since the middle of the last dcs. A Dumber of specialtZtJd cu-
century when Sir Charles Wheatstone cuits have been evolved for this pur-
first put to pracUcal use a curious pose. One, lheScheringBl'idge, POS-
electrical balanclnR" network which SOS808 certain features which make it
had been devised a decade before by outstanding. These features may be
srcuow Englishman named Christie, summarized as follows:
the bridge circuit has been accepled 1. A constant relationship between
as a valuable and powerful tool in the the bridge elements Is maintained re~

field of electrical measurement. gardless of the frequency impressed
Even though today bridges, like on the network.

aLmosteverythingelse, have become 2. Both of the basic variable bridge
increasingly complex in order to meet elements can be air capacitors, which
the demands of highly specialized ap- are infinitely superior to other types
pllcaUons, they retain, fer tbe most of variable impedances for high freq-
part, the fundamental advantages of uency measurement work.
convenience, sensitivity and accura- 3. The circuit residual Impedance
cy which characterized their more can be kept smail enough to per mil
straightforward antecedents. compensation over a wide frequency

One of the appllcatlons In which band.
bridge circuits have been particularly 4. When arranged to measure paral-
useful in recent years is the measure- lei components of impedance, shield-
ment of impedances at radio frequen- Ing problems are drastically reduced.
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T H E  BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
Corporation. I t  is nzailed free o f  charge 
to scientists, engineers and other inter- 
ested persons in the comnzunicatiotzs 
and electronics fields. The contents may 
-be reprinted only with written permis- 
sion from the editor. Your comments 
and suggestions me welcome, and 
should be addressed to:  Editor, T H E  
BRC NOTEBOOK, Boonton Radio 
Corporation, Boonton, N .  J. 

Impedance Meter (continued) 

Equating imaginaries. I. 

Figure  2 .  The Schering Bridge, arranged 
to provide measurement of para l le l  im- 
pedance components. 

The test sample is connected a- 
cross  corners C and D of the bridge, 
and its parallel components of re- 
sistance and reactance effectively 
change the values of C4 and R4 in the 
circuit. In order to restore phase 
and amplitude balance conditions, 
the variable bridge capacitor C4 must 
be decreased by an amount equal to 
the equivalent parallel capacitance 
of the test sample. If the test sam- 
ple is  inductive, the capacitance of 
C4 is increased by an amount equal 
to the resonating capacitance of the 
parallel inductance. 

The parallel resistance of the 
test i s  shunted across R4, reduc- 
ing its value by a certain percen- 
tage which changes the R4/C2 ratio 
and unbalances the bridge. To re- 
store phase and amplitude balance, 
variable capacitor C2 is reduced in 
value by the same percentage that 
R4 was reduced when shunted by the 

test resistance. The variable cap- 
acitor C2 can thus be calibrated di- 
rectly in terms of the parallel re-  
sistance (in ohms) of the component 
being measured. 

T H E  RX M E T E R  

A refined version of the basic 
circuit described above forms the 
heart of the BRC RX Meter Type 
250-A, which is  designed to measure 
parallel resistive and reactive im- 
pedance components at frequencies 
from 0.5 mc to 250 mc. Unlike most 
RF impedance measuring devices 
using the null technique the RX Meter 
is  a self-contained instrument includ- 
ing withthe bridge circuit its associ- 
ated oscillators, detector, amplifier 
and null indicator. 

Figure 3 shows a block diagram 
of the instrument, the operation of 
which may be briefly described as  
follows: 

The output of the test oscillator, 
(F l ) ,  whichcovers a frequency range 
of 0.5 to250 megacycles, is fed into 
the bridge circuit. When the im- 
pedance to be measured is connected 
across one a r m  of the bridge, its 
parallel resistance and reactance 
components cause bridge unbalance, 
and the resulting voltage is  applied 
to the mixer stage. The output of the 
local oscillator, (F2), which tracks 
at a frequency 100 kilocycles above 
F1, is also applied to the mixer, 
where it heterodynes with the bridge 
unbalance output frequency, F1, and 
prbduces a 100 kc difference freq- 
uency, having a magnitude propor- 
tional to the bridge unbalance voltage. 
This voltage is then amplified by a 
selective 100 kc amplifier to provide 
the desired bridge balance sensiti- 
vity. When the bridge controls a re  
adjusted for balance (minimum in- 
dicatiod , their respective dials serve 
as an accurate indication of the paral- 
lel impedance components of the test 
sample. 

TEST 
FREQUENCY 100 K C  

F I  AMPLIFIER 

NULL 
INDICATOR 

Figure  3. B lock  diagram of  the R X  Meter 
T y p e  250-A. 

Particular care has been taken, 
in the mechanical design of the in- 
strument, to provide adequate shield- 
ing of the oscillator and mixer in or - 
der to prevent spurious coupling be- 

tween these stages. The detector i s  
provided with automatic gain control 
whichprevents the meter from read- 
ing off scale, thus greatly facilitat- 
ing the balancing operation when ap- 
proximate values of the impedance 
being measured are  not known. 

'-,' 

Figure  4. Convent ioml  transformer coup- 
l ing from bridge corners t o  amplif ier.  

Use of rugged castings, precision 
bearings and anti-backlash gears has 
permitted expansion of the calibrated 
parallel resistance scale to a useful 
length of twenty-eight inches, cover- 
ing from 15 ohms to 100,000 ohms. 
The "Rp" scale of each instrument is 
individually calibrated and engraved 
in spiral form on the surface of a 
drum dial, the readability being one 
percentup to 5 ,000  ohms with an ac- 
curacy of approximately two percent 
over this range. 

BRIDGE COUPLING 
CONSIDERATIONS 

The absence of frequency terms in 
the balance equation (1) above sug- 
gests the applicability of this bridge 
circuit to impedance measurements 
over an almost unlimited frequency 
range. Several practical limitations 
do exist, however, and their effects 
must be considered in establishing 
the upper frequency limit for such a 
device. One of these involves the 
means used for connecting the signal 
source and null detector amplifier to 
the bridge. If the connection intro- 
duces excessive capacitance across 
the bridge a rms  or excessive loss in 
the oscillator or  detecting system it 
can seriously affect the operation of 
the instrument at higher frequencies. 
This problem can be more readily ap- 
preciated by a study of Figure 4, 
which shows a conventional connec- 
tion between the high bridge corners 
and the null detector, employing a 
special type of double-shielded trans- 
former, T1. 
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Flg".e 2. The Sch.,lng B,idg", arrong"d
'0 p,oviJ" m""SIJ,.m"nt "f por"II,,1 ;m
pedonc" comp"".n".

BRIDGE COUPLING
CONSIDERATIONS

The absence offrequencyterrns In
tbe balance equation (1) above sug
gests the applicability of this bridge
circuit to impedallce measurements
over an almost unlimited frequency
range. Several pnlcilcal limitations
do exist, however, and tbelr effects
must be considered {n establishing
the upper frequency limit for such a
device. One of these Involves tbe
means used for connecting the signal
source and null detector ampllfier to
the bridgc. If the connection intro
duces excessive capacitance across
the bridge arms or excessive (oss in
the oscillator or detecting system it
can seriously affect the operaliOIl of
the instrument at higher frequencies.
This problem can be more readily ap
pl'eciated by a study of Figure 4,
which shows a conventional connec
tion betwcen the high bridge cornel'S
and the null detector, employing a
Sl:lecialtype of double-shielded trans
former, Tl.

Fig",. 4. Conv."Ii"",,1 ITon,/o"n.., coup
ling 'roln b,iJg" co,neTS 1o omp/ifie,.

Use of rugged castings, precision
bearings and anti-backlash gears has
permitted expansion of the calibrated
parallel rllsistullce scale to a useful
lengtbof twenty-eight Incbes, cover
ing from 15 ohms to 100,000 ohms.
The !lRp" scale of eacb instrument is
individually calibrated and engraved
in spiral form on the surface of a
drum dial, the readability belllg one
pcrceDlup to 5,000 obms with an ac
curacy of approximately two percent
over this range.

tween tbese stages. The detector is
provided with automatic gain control
which prevents the meter from read
ing off scale, thus greatly facilitat
ing the balancing operation when ap
proximate values of the Impedance
being measured are nol known.

test resistance. The variable cap
acitor Cz can thus be caHbrated di
rectly In terms of the parallel re
sistance (in ohms) of lhe component
being measured.

A refined version of the basic
Circuit described above forms the
heart of tbe BRC RX Metcr Type
Z50-A, whlcbls dcs(gned to measure
parallel resistive and reactive im
pedance components at frequencies
from O. 5 mc to 250 me. Unlike most
RF Impedance measurlng r1,Wl~e!'l

using the null technique the RX Meter
is a self-contained Instrument lnclud
Ingwitb the bridge circuit ils associ
atedoscillators, detector, amplifier
and null indicator.

Figure 3 sbows a block dIagram
of the instrument, the operation of
whlcb may be briefly described as
foUows:

The output or the test oscillator,
(Fl), whlcb covers a frequency range
of O. 5 t0250 megacycles, is fed Into
the bridge circuit. 'Nhen ihe Im
pedance to be measured Is connected
across one arm of the bridge, its
parallel resistance and reactance
components cause bridge unbalance,
and the resulting voltage Is applied
tothe mtxer stage. The output of the
local oscll1ator, (F2), wblch tracks
at a frequency 100 kilocycles above
Fl, is also applied to the mixer,
where it heterodynes wltb the bridge
unbalance output frequency, Fl, and
prbduces a 100 kc difference freq
uency, having a magnitude propor
tional to the bridge unbalance voltage.
This voltage Is then ampllfled by a
selective 100 ke amplifier to provide
the desired bridge balance sensIti
vity. When the bridge controls are
adjusted for balance (minimum in
dicatloq, their respective dials servc
as an accurate indication of the paral
lel impedance components of the test
sample.

nST
rR£qU£O'Cv

'.
_, TO~:>O Me

UX;A"
OS<.'lLATO"

"-OT02:>O'MC-

THE RX METER

Fil}",e J. Block di"g,om of the RX Met.,
Type 2S0.A,

Particular care bas been taken,
In the mcchanlcal design of the In
strument, to provide adequate shield
Ingof the osc1l1ator and mixer in or
der to prcvent spurious coupling be·

(1 )

1 R3

jwC2 j wC IR4

R3 0= R4
Cl C2

R2 0= ~ '"' ..!!.1...
C4 Cl Cz
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10 srie"/ists, engineers ""d other illler·
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sioll Irom Ibt edllor. YOlir tommen/s
and .fugguliolll art we/tome, dlld
sboll/d be addressed 10: &i;lor, THE
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Corporalioll, Boollloll, N. J.

Equating imaginaries•..

The tesl sample is connected a
cross corners C and D of the bridge,
and its parallel componenls of re
sistance and reactance effectively
change the values of C4 and R4 in the
circuit. In order to restore phase
and amplitude balance condItions,
the variable bridge capacitor C4 must
be decreascd by an amount equal to
the equivalent parallel capacitance
of the test sample. If the tcst sam
ple Is inductive, the capacitance of
C4 is Increased by an amount equai
to the resonating capacitance of the
parallel inductance.

The parallel resistance of the
test is shunted across R4, reduc
ing its value by a certain percen
tage which changes the R4/CZ ralio
and unbalances the bridge. To re
store phase and amplitude balance,
variable capacitor CZ is reduced In
value by the same percentage tbat
H.4 was reduced when shunted by the

-2-
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A transformer of this type not 
only is difficult to design and expen- 
sive to manufacture but also has an - upper frequency limitation imposed 
by leakage inductance a s  well as  the 
usual low frequency limitation result- 
ing from low impedance of the wind- 
ings. The inter-shield capacitance 
is another handicap, a s  it must be in- 
corporated in the bridge network, thus 
placing a severe limitation on both 
frequency and impedance ranges of 
the bridge. These shortcomings have 
been overcome by a new approach to 
the problem, as shown in Figure 5. 

Figure  5. Special ly  devised system for 
coupling oscillator t o  detector. 

The essential feature of this bridge 
network is that it is divided in two 
halves, one half  being driven by volt- 
ageE1 and the other half by E2. Let 
us assume thatvoltages E 1  and E2 are  
exactly equal in magnitude but opposite 
in phase, thus producing instantaneous 
currents 11 and I2 in the direction in- 
dicated. This arrangement enables 
us to detect the bridge balance condi- 
tions by coupling to the null detector 
through two very small but exactly 
equal capacitors, ZB and Z c .  In the 
balanced condition, voltage ED be- 
comes zero, as  indicated by our null 
detector, and the voltage across ZB 
is  exactly equal to that across Z C .  
This is evident, since the same cur- 
rent, 13, flows through both ZB and 
ZC when zero current is  drawn by 
the detector branch. A s  X and G are  
at the same potential, it follows that 
ZB may be considered effectively in 
parallel with ZA, and ZC is likewise 
in parallel with ZD. Thus the voltage 
across ZA is  equal to that across ZD. 
Now let ZA and ZB in parallel = Z 1  
and ZC and ZD in parallel = Z4. 
Figure 6 represents a simplified form 
of the bridge networkfor analysis pur- 
poses. 

-, 

In Figure 6 
E1 = IlZz +- I lZl  

E2 = I2Z3 + I2Z4 

E1 = E2 (by design) 

and I l Z l  = I2Z4 at balance 

then IlZ2 = I2Z3 

. I l Z l  12Z4 and ZlZ3 =Z2Z4 - -  - -  . .  
I lzz  12z3 (2) 

This impedance a rm relationship 
is the same as that of a conventional 
bridge network. 

COUPLING TRANSFORMER 
DESIGN 

The above theory is based on the 
assumption that the transformer sec- 
ondary voltages be extremely we l l  
balanced, and it is essential that this 
be the case over the entire frequency 
range of 0.5 mc to 250 mc. A very 
simple transformer was  developed 
(Figure 7) consisting of three Form- 
ex-insulated wires twisted tightly to- 
gether and wrapped once around a 
ferrite core ring. By using one turn 
the shunt capacitance and leakage in- 
ductance a re  held to a minimum for 
best high frequency performance. 
Leakage inductance is only 0.014 
microhenry. The high permeability 
ferrite core serves to hold up the im- 
pedance of the transformer at the low 
frequency end. Interwinding capaci- 
tance C12 is ineffective because 1 and 2 
are  equipotential points. Although 
the transformer impedance is quite 
low, it effectively matches the very 
low output coupling loop impedance 
of the oscillator anddrives the bridge 
with approximately one volt over the 
entire frequency range from 0.5 to 
250 mc. 

~ ~~ 

Figure 6. Simplified bridge network. 

COUPLING CAPACITOR 
DESIGN 

The capacitive network used to 
couple the unbalance output of the 
bridge to the detector must neces- 
sarily be very accurately balanced. 
To achieve such balance the follow- 
ing requirements were found to be es- 
sential: 

2 IELD 
AN 
OUND 

w2 T C 3  

Figure 7. Balanced coupling transformer 
design. 

3.. Extremely fine adjustment to 

2. Loss factor uniformly small for 
both capacitors. 

3. Temperature coefficient uniform- 
ly small for both capacitors. 

4. Mechanical stability to stand vi- 
bration and aging without change 
of balance. 

5. Complete shieldingto avoid pick- 
up to grid of detector from any 
other source than the two bridge 
corners. 

6. Equal lead inductance to maintain 
effective capacitance balance to 
250 mc. 
The dual capacitor unit which was 

speciallydesigned to fulfill these re-  
quirements is illustrated in Fig. 8. 

*o. 001 ppf. 

RESIDUAL BRIDGE 
IMPEDANCES 

A s  previouslv discussed, the 
bridge wi l l  balance at all frequencies, 
providing proper relationship between 
the effective capacitance and resis-  
tance is maintained up to the highest 
frequency to be used. Serious de- 
viations will occur, however, if  re-  
sidual impedances are  not either 
compensated for or made negligible by 
design. 

Figure 9 shows two of the most 
troublesome residual inductances, 
L2 and L4. L2 represents the total 
inductance of series condenser C2 
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A transformer of lhls tYlle not
only Is difflcuillo design and expen
sive lo manufacture but also has an
upper frequcncy IImllaUon Imposed
by leakage Inductance as well 118 the
usual low frequency Ilmllalloo resuU
log from low Impedance of the wind
ings. The Inter-shield capacitance
Is another handicap. as Il must be In
corporated In tbe bridge network. lhus
placing a severe limitation on both
frequency and impedance ranges of
Ole bridge. These shorteomlngs have
been overcomc by a new approach to
the problem, 118 shown In Figure 5.

Fig S. S,..d.llr lI.vi... ~r.t.'" f""
c ,.Iing ••cill.,,,,, I. 1I.,.e'"".

The essential feature of this bridge
network Is that it is divided in two
halves, one half being driven by volt
age El and the other half by E2. Let
us assume that voltages El and E2 are
exactly equal In magnitude but opposite
In phase. thus producing Instantaneous
currents II and 12 In the direction In
dlcatro. This arrQ.ngt'm('nt enables
us todetect the bridge balance condi
tions by coupling to the null detector
through two very smail but exactly
equal capacitors, Ze and ZC. In the
balanced condition, voltage ED be
comes zero, as Indicated by our null
detector, and the voltage across ZB
Is exactly equal to that across ZC.
This Is evident, since the same cur
rent, '3, flows through both ZB and
Zc when zero currenl Is drawn by
the dl"lector branch. As X and G are
at the same pott'ntlal, It follows lhat
ZB may be considered effectively In
parallel with ZA, and Zc Is likewise
InparailelWllhZo. Thuslbe voltage
across ZA Is equallo that across Zo.
Now let ZA and Ze In paraUel .. ZI
and Zc and Zo In paraliel ,. 2.4.
Figure 6 represents a slmpllfled form
of the bridge network for analysis pur_
poses.

In Figure 6

El" IIZZ ,·IIZ1

EZ" 12Z3 I 12Z4

El = EZ (by design)

and ItZl a [2Z4 at balance

then IIZ2 - '2Z3

Thislmpedance arm relaUonshlp
is the same as that of a eonvenUonal
bridge network.

COUPLING TRANSFORMER

DESIGN

The above theory Is based on the
assumption that the transformer sec
ondary voltages be extremely well
balanced, and It is essential that this
bE- the case ove: the entire frequency
ran~ of o. 5 mc to 250 me. A very
simple transformer was developed
(Figure 7) consisting of three Form
ex-Insulated wires twisted tightly to
gether and wrapPed once around a
ferrUe core ring. By using one turn
the shunt capacitance and leakage In
ductance are held to a minimum for
best high frequency performance.
Leakage Inductance Is only 0.014
mlcrobe-nry. The- high permeabillty
ferrite core serves to hold up tbe Im
pedance of the transformer at the low
frequency end. Interwlnding capaci
tance ell Is ineffl'ctive because 1 and 2
are eqUipotential points. Although
the Iransformer imJX'dance Is quite
low, il effectively malchE's tbe very
low output coupling loop Impedance
of the oscillator and drives lhe br Idge
wllh approxImately one volt OVl'r Ih('
entire frequency range from 0.5 to
250 mc.

fi9 ..r: 6. Si",p/ifir:1I bridlJe lIt:'w""k.

-3-

COUPLING CAPACITOR

DESIGN

The capacltlve network used to
couple the unbalance output of the
bridge to the delector must neces
sarily be very accurately balanced.
To achieve such balance the follow
ing requirements were found to be es
sential:

fi,,,.. 1. S"I"ncH c....,.Iir><J tr."""""_'
"""".

1. Extremely fine adjustment to
.lO.OOl /4If.

2. Loss factor uniformly smaU for
both eapacllors.

3. Temperature coefficient unlform
Iy small for both capacitors.

4. Mechanical 5labUlty to stand vi
bration and aging without change
of balance.

5. Complete sbieldlngto avoid pick
up to grid of detector from any
other source than the two bridge
corners.

6. Equal lead Inductance to maintain
effecllve capacitance balance to
250 mc.
The dual capacitor unit which was

specially designed lo fulfHl tbese re
quirements Is i1\ustraled In Fig. 8.

RESIDUAL BRIDGE

IMPEDANCES

As prevlouslv discussed, tbe
bridge will balance at all frequencies,
providing proper relationship hetween
the effective capacitance and resis
tance is malnlained up to the blghest
frequency to be uaed. Serious de
vlallons will occur, however, If re
Sidual Impedances are not either
compensated for or made negligible by
design.

Figure 9 shows two of the most
troublesome residual inductances,
L2 and L4. L2 represents the total
inductance of series condenser C2
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Figure  8. Balanced coupling capacitor 
design. 

and resistor R2 and has a value of 
approximately 0 . 0 3  microhenry. 
This is sufficient reactance to com- 
pletely neutralize the effecfive capaci- 
tance of the 20 ppf condenser C2 at 
200 mc. Fortunately this residual 
inductance, L2, can be effectively 
removed from the circuit by means 
of a small shunt capacitance, Cp, 
across resistor R2. This shunt ca- 
pacitance, as  shown below, is e- 
quivalent to a series capacitance (c,) 
whose reactance is very nearly equal 
and opposite to that of L2 up to the 
maximum frequency of 250 mc. 

R2 - 
Z of parallel R2 Cp = 

1 t wzcp?R2z 
The series capacitance reactance 

For neutralization, let reactance 

(within 2.4% at 250 mc. ) 

Figure 9. Residual  impedance in bridge 
arms. 

The second troublesome residual 
is the inductance, L4, associatedwith 
the variable condenser standard, C4. 
This inductance not only causes an ef- 
fective capacitance inci-ease in C4 at 
high frequencies but also produces a n  
e r ror  in the resistance readings of 
highQ reactive components. The lat- 
ter effect is the result of coupling 
between L4 and the inductive COIE- 
ponent of resistor R4. The best so- 
lution to this problem was  found to 
be a series of fourteen specially de- 
signed edge-wiping rotor contact 
springs which provide fourteen in- 
dividual parallel inductance paths 
through the condenser, eachpath hav- 
ing extremely low inductance. By 
thismeans, the inductance L4 is re- 
duced to avalue of only 0.0005 micro - 
henry. 

APPLICATION 

problem at  higher frequencies, and 
the resulting circuit is often limited 
in range and application. By com- 
bining all the necessary test com- ~., 
ponents in a single, integrated instru- 
ment, the RX Meter provides ease 
and rapidity of measurement as well 
a s  unusual flexibility of application. 
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THE AUTHOR 

TheRX Meter has been found val- 
uable in a number of diversified in- 
dustrial and experimental applica- 
tions. For example, it is being used 
tomeasure the R F  characteristics of 
balanced and unbalanced transmis- 
sion lines, of electrical components 
such a s  resistors, and of high and 
medium loss insulating materials 
such a s  phenolic vacuum tube bases. 

The direct measurement of equiv- 
alent parallel resistance (Rp) of a 
circuit is particularly useful, since 
it represents the impedance seen by 
a vacuum tube or  transistor when 
working into the circuit. Measure- 
ment ofR also facilitates the deter - 
mination of power dissipation in a 
tuned circuit since, when the voltage 
E across the tankis measured, power 
dissipation = E2/Rp. 

TheRX Meter is particularly ap- 
plicable to the measurement of trans- 
istor impedance since DC bias cur- 
rents up to 50 milliamperes can be 
passed directly through the sample 
binding posts without harming the 
bridge elements. In such applications 
it is possible to lower the R F  test 
voltage to as low as  20 mv with use- 
able sensitivity. 

P 

CONCLUSION 

The bridge methods conventional -. 
ly used for R F  impedance measure- 
ments generally require a composite 
test circuit consisting of a number of 
separate interconnected instruments. 
Setting up such a circuit for specific 
measurements is usually tedious and 
time consuming; leakage and un- 
desirable coupling a re  frequently a 

-4- 

BOONTON RADIO CORPORATION

OUlCTO"
GRIO

prOblem at higher frequencies, and
the resulting circuit Is often limited
In range and application. By com
bining all lhe necessary test com
ponents in a single, Integrated instru
ment, the RX Meter provides ease
and rapidity of measurement as well
as unusual flexibility of application.
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The second troublesome l'esidual
is the inductance. L4, associated with
the varillble condenser standard, C4.
This inductance nol only causes an ef
fective capacitance increase in C4 at
high frequencies but also produces an
error in the resistance readings of
highQ reactive components. The lat
ter e{fect Is the result of coupl ing
between L4 and the Inductive com
ponent of resistor R4. The best so
lutfon 10 Ihis problem was found to
be a series of fourteen specially de
signed edge-wiping rotor contact
springs which provide fourteen In
dividual parallel inductance paths
through the condenser. each path hav
ing extremely low inductance. By
this means. the inductance L4 is re
duced to a value of only O. 0005 micro
henry.

The RX Meter has been found val
uable in a number of diversified In
dustrial and experimental applica
tions. Forexample, it Is being used
to measure the R F characteristics of
balanced and uDbalanced transmis
sion lines, of electrical components
such as resistors, and of high ami
medium los8 insulating materials
such as phenolic vacuum tube bases.

The direct measurement of equiv
alent parallel reSistallCe (Rpl of a
circuil Is particularly useful, since
it represents the impedance seen by
a vacuum tube or transistor when
working into the circuit. Measure
mentofRpalso facilitates the deter
mlnation of power dissipation In a
tuncdcircuit since, when the voltage
E across the tank ls measured, power
dissipation _ E2/Rp.

TheRX Meter is particularly ap
plicable to the measurement of trans
istor Impedance since DC bias cur
rents up to 50 mHliamperes can be
passed directly through the sampte
binding posts without harming the
bridge elements. In such applications
It is possible to lower the R FIest
voltage to as low as 20 mv with use
able sensitivity.

CONCLUSION

APPLICATION

The bridge methods conventional
ly used for R F impedance measure
ments generally require a composite
test circuit consisting of a number of
separate interconnected instrumenta.
Setting up such a circuit for specific
measurements is usually tedious and
time conauming; leukage and un
desirable coupling are frequently a

and resistor R2 and has a value of
approximately 0.03 microhenry.
ThIs Is sufficient reactance to com
pletely neutralize the effective capaci
tance of the 20 Ililf condenser C2 at
200 mc. Fortunately this residual
inductance, L2, can be effectively
removed from the cIrcuit by means
of a small sbunt capacitance, Cp,
across resistor R2. This shunt ca
pacltancc, as shown below, Is e
quivalent to a series capacitance (C s )
whose reactance is very nearly equal
and opposite to that of L2 up to the
maximum frequency of 250 mc.

R 2 - jWCpR 22
Z of parallel R2 Cp '"

1 ~ w2Cp"R22
The series capacitance reactance

1 = -JwCpR22

jwCs 1 j WiCplR22
For neutralization, let reactance

jwL2 E ..;.!."...- = JwCpn 22

jwCg 1 I w2Cp'lR22
C~H ,

then L2 '" v--2 e: CpR ,
1'" w2Cp2R22 2

(within 2.4% at 250 mc.)

Fig"•• 8. 8alonc.d co"pli"9 cOp"cito<
desi"".

. ,

1 1

Fig".e 9. Resid"oj impedance in ".idge
urms.
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- - - - - - - Q Meter Comparison-------- 
The recent redesign o f  the Q Meter Type 160-A resulted in a more accurate and flexible 
instrument - the Type 260-A. Here is  a detailed discussion o f  the changes which were 
made and how they a f f e c t  comparative Q readings on the two instruments. 

When the Q Meter Type 260-A 
was introduced in 1953, its prede- 
cessors: the Types 100-A and 160-A, 
had been giving satisfactory labora- 
tory service for a period of over 18 
years, and had long since become a 
standard for Q measurements. 

In spite of the fact that, during 
recent years, the Type 160-A had 
proved itself a useful and dependable 
tool, it had become apparent, in the 
light of new developments and im- 
provements in the a r t ,  that i ts  cir- 
cuit had certainlimitations. For this 
reason, the& Meter Type 260-A w a s  
developed, retaining all the valuable 
characteristics of the 160A, but in- 
corporating features which elimina- 
ted or minimized the limitations of 
the older instrument. 

Because these design improve - 
ments wil l  often cause small varia- 
tions in Q readings between the two 
instruments, it seems desirable to 
investigate in detail the reasons for 
such apparent discrepancies and to 
formulate an expression for predict- 
ing them. 

D E S I G N  D I F F E R E N C E S  

Boththe 160-A and 260-A use the 
same basic measuring circuit, and the 
blockdiagram shown in Figure 1 ap- 
plies to either instrument. This de- 
sign, whichmakesuse of the low im- 
pedance system of injecting voltage 
into the measuring circuit, is based 
on the resonant voltage rise princi- 
ple described in a previous article! 

OSCILLATOR TI INJECTION 
VOLTAGE 
MONITOR 

QVOLTMETER 

I -  

(.-/ 

Figure 7 .  Q Meter block diagram. 

Thus (for Q 1) 1O)Q E/e, where 
Q is the quality factor of the measur- 
ing circuit, e is the injected voltage 
and E is the voltage across the re-  
sonating capacitor. 

The principle requirements for a 
successful Q measuring system are ,  

1. A low-distortion oscillator. 
2. Anaccurate system for moni- 

toring the injection voltage. 
3. A low injection impedance a- 

cross which e is developed. 

4. A low-loss internal resonating 
capacitor, 

5. An accurate high impedance Q 
voltmeter for measuring E. 

Each of these must be carefully de- 
signed to minimize the residual para- 
meters which tend to make the indi- 
cated Q (of the Q measuring circuit) 
differ from the effective Q of the un- 
known. Primarily, the discrepan- 
cies in Q readings which may be found 
between the two Q Meters at certain 
frequencies are caused by those im- 
provements in the design of the 260A 
whichresult inlowered residual para- 
meters, 

S O U R C E S  O F  E R R O R  

1. Oscillator Harmonics 
The calibration of the Q volt- 

meter is dependent on accurate in- 
dication of the ratio E/e. Er rors  
in the Q readings can be caused by 
harmonics present in the oscillator 
output, due to the fact that the therm- 
ocouple used to monitor the current 
in the injection resistor produces a 
meter deflection proportional to the 
total heating effect of the distorted 
current, while, because of the se- 
lectivity of the measuring circuit, 
the indication of the Q voltmeter is 
proportional only to the fundamental 
component of the oscillator output . 
Although this effect is  considerably 
reduced because of the square law 
response of the thermocouple: it may 
still be noticeable when distortion is 
present. Early models of the 160-A 
(serial numbers below 4581) had some 
harmonic distortion in the oscillator 
output on the low frequency band (a- 
round 150 kc), which did introduce 
some er ror  due to this effect. The 
effect is negligible in the 260-A be- 
cause of the extremely low distor- 
tion present. 
2. Injection Resistor 

The injection resistor (Ri in fig- 
ure 1) is in ser ies  with the resonant 
circuit, and when components are 
measured having low equivalent ser- 
ies resistance (high Q a t  high freq- 
uencies), the value Ri, which adds 
to the resistance of the unknown, be- 
comes a large part of the total ser- 
ies  resistance. This causes the Q 
Meter to indicate a Q value lower than 
that of the unknown component. Evi- 
dently it is desirable to keep the in- 
jectionresistance as low as possible. 
For this reason, the 0.04 ohm injec- 

lion resistor of the 160-Awas reduced 
to 0.02 ohm in the 260-A. 

It is possible for the reactive com- 
ponent of the injection resistance to 
cause a rise in injection voltage at  
highfrequencies. Since the injection 
current is monitored, a constant e 
depends on a constant injection im- 
pedance, and it is important that the 
reactive component be reduced to a 
minimum. The dashed curve in figure 
2 indicates the percent of r ise  in in- 
jection voltage caused by the residual 
83 pphy inductance present in the in- 
jectionresistor of the 160-A. A new 
annular type of resistor has been used 
in the new Q-Meter, resulting in a 
residual inductance of the order of 
0.035 pphy, and reducing the e r ror  
due to this inductance to a negligi- 
ble amount, as indicated by the solid 
line curve. 

FREQUENCY IN MEGACYCLES 

Figure 2 .  Calculated e f f e c t  of injection 
resistor inductance on 160-A injection 
voltage at higher frequencies. 260-A 
resistor has negligible reactonce, 
eliminating this source o f  error. 

3.  Resonating Capacitor 
The construction of the resonat- 

ing capacitor used in the Q Meter 
Type 160-A represents a satisfactory 
compromise between minimized re- 
siduals and the largest practicable 
capacitance range. A s  a result re- 
sidual parameters a re  small enough 
to be ignored in the course of most 
measurements. This optimum mech- 
anical designwas retained in the new 
Q Meter and any residuals which 
exist may be regarded as the same 
for both instruments. 
4. Voltmeter Circuit 

The problem of providing an ac- 
curate voltmeter which will  measure 
the R F  voltage across the resonat- 
ing capacitor to an accuracy of 11% 
is a major one in the design of a Q 
Meter. In addition to maintaining the 
linearity (or scale calibration) charac- 
teristics, the voltmeter tube must 
have a very low grid current (with a 
grid leak of 100 megohms), the input 
capacitymust remain nearly the same 
for different tubes, and the input con- 
ductance of the voltmeter circuit must 
be as high as possible. 
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3. Resonating Capacitor
The construction of the resonat

ing capacHor used in the Q Meter
Type 160-A represents a satisfactory
compromlsc between minimized re
siduals and the largest practicable
capacitance range. As a result re
sidual parameters are smaH enough
to be Ignored in the course of most
measuremcnts. This optimum mech
allicaldeslgnwasretained in the new
Q Meter and any residuals which
exist may be regarded as the same
for both instruments.
4. Voltmeter Circuit

The prohlem o[ providing an ac
curate voltmeter which will measure
Ihe RF voltage across the resonat
ing capacitor to an accuracy of J.llJ
Is a major one In the design of a Q
Meter. In addition to maintaining the
linearity pr scale calibration) charac
teristics, the voltmeter lube must
have a very low grid cunent (with a
grid leak of 100 megohms), the Input
capacity must remain nearly the same
for dlfferenltubes. and the inpul con
ductance of the voUmeter Circuit must
be as high as possible.

fREQUOIC~ IN MEGACVCLES

Figure 2. C"leuloted effect of in/ecti""
resistor ;nd"c'"nc" on 160.A In/eeliot>
YOI'0ge 0' high", frequencies. 260_A
resi.tor hos n"9"gible ,eocto"ce,
"Iiminoting fhi, .o",ce of e"",.

lion reslstoT of the 160-A was reduced
to 0.02 olun In the 260-A.

it is possible [or the reactive eom
ponenl of the injection resistance to
cause a rise In Injection voUage al
high rrequencles. Since the injection
current is monitored, a constanl e
dCjX'nds on a constanl injection Im
pedance, and It is Importanl that the
reactive componenl hi' reduced to a
minimum. The dashed curve In figure
2 indicates the percent of rise in In
Jection vollage caused by Ihe residual
83 j.lj.lhy Inductance present in the in
jectlonresistor of the i60-A. A new
annular type of resistor has been uscd
in the new Q-Meter, resulting In a
residual inductance of lhe order of
0.035 j.lj.lhy, and reducing the error
due to this inductance to a negligi
ble amount, as indicated hy the solid
line curve.

,SOURCES Of ERROR

4. A low-loss Inll'rnal resonating
capacitor.

5. An accuralehighlmpl"danceQ
vollmc!('r for measuring E.

Each of these must be carefully de
signed 10 minimize Ihe residual para
meters which tend to make tbe indi
cated Q (of the Q measuring clrcull)
differ from the effective Q of lhe un
known. Primal·ny, the discrepan
cies inQ readings which may be found
betw~t'n !ht' two Q Ml'tcrs at certain
frcqucnclps are caused hy those Im
provemenls in th(l design of the 260A
whiCh result in lowered residual para
mclt'rs.

l. Oscillator Harmonics
The calihration of the Q volt

meter Is dependent on accurate in
dication of the ralio E/e. Errors
In the Q readings can he caused by
hal'monics present in the osclllator
outpul, due to the fact that the therm
ocouple used to monitor the currenl
in the injection resistor produces a
meter deflection proportional to the
total heating effect of lhe distorted
current, while, because of the se
lectlvity of the measuring circuit,
the indication of the Q voltmeter is
proportional only to the fundamental
component of the oscillator output.
Although this effect Is considerably
reduced because of the square law
response of the thermocouple? It may
still be noticeable when distortion is
present. Early models of the 160-A
(serial numbers bclow4581) had some
harmonic distortion in the oscillator
output on the low [requeney band (a
round 150 kc), which did introduce
some error due to Ihis effect. The
effect Is negligible in the 260-A be
cause of the extremely low dislor
tion present.
2. Injection Resistor

The injection resistor (Hi In f1g
Uf(> 1) is in spries with the resonant
circuit, and when compnll<"nts are
measured having low equivalent ser
It's resistance (high Q at high freq
uencies), Ih(" value Ri, which adds
to the resistance of Ihe unknown, be
comes a large part of the tOlal ser
ies resislance. This causes Ihe Q
Meier to indicate aQvalue lower lhan
that of the unknown component. Evi
dently it Is desirable to keep the in
jectlon reslstanct' as low 3S possible.
For lhis reason, the 0.04 ohm lnjec-

Thus (for Q ~ lO)Q- E/t', wbt're
Q Is the quality factor of the measur
Ing eil·cull, e Is the injected voUage
and E Is the voltage across the re
sonating capacitor.

The principle requirements for a
successful Q measuring system are,

1. A low-distortion oscillator.
2. An accurate system for moni

toring the injectton voUage.
3. A low injection impedance a

cross which e Is developed.

DESIGN DIFFERENCES

Bolhthe 160-A and 260-A use Lhe
same basic measurlngclrcuil, and the
block diagram shown In Figure I ap
plies to either instrument. This de
sign, which makes usc of the low Im
pedance system of Injecting voltage
Into the measuring circuit, is based
on the resonant voltage rise princi
ple described in a previous article:

When Ihl' Q Ml'ter Type 2l>O-A
was introduced in 1953, ils prede
cessors, lhl' Types 100-A and IGO-A,
had been giving salisfaclory labora
lory service for a period of over 18
y('arS, nnd had long since hl'coml' a
standard for Q ml:'asuremenls.

In spite of Ihe fact Ihat, during
!"{'ct'nt y('ars, the TYJX· 160-A had
proved itself a usefuL and dependable
tool, it had become apparent, In the
light of new developments and im
provements In tbe art. that its cir
cult had certain IimitaUons. For this
reason, lheQ Meter Type 260-A was
developed, relaining all the valuable
characteristics of the 160A, but in
corporating features which elimina
ted or minimized the IImitalions of
the older instrument.

Because these design Improve
ments will often cause small varia
tions in Q readings between the two
instruments, U seems desirable to
tnvesllgate In detail the reasons for
sucb apparent discrepancies and to
formulate an expression for predict
ing them.
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In order to achieve and maintain 
these characteristics, the use of a 
special tube is found to be impera- 
tive. The BRC 105-A is manufac- 
tured and tested specifically for ap- 
plication in the Q voltmeter circuit. 
A review of available tube types dur- 
ing the development of the Type 260-A 
confirmed the fact that this was the 
only tube which could meet such re- 
quirements, and it was therefore in- 
cluded in the design of the new in- 
strument. 

Several other changes in the volt- 
meter circuit were found desirable. 
The addition of ?'Lo Q" and t t ~ "  scales 
in the new instrument necessitated a 
slightly different operating point for 
the voltmeter tube. In addition, the 
physicalarrangement of the grid cir- 
cuit was changed to provide a higher 
natural resonant frequency, and ad- 
ditional bypassing was added in the 
plate circuit of the voltmeter, causing 
the Type 230-A to indicate Q more 
accurately at low frequencies and at  
low capacitance settings of the re- 
sonating capacitor o 

TYPICAL EXPERIMENTAL DATA 

To illustrate the differences which 
might be expected in Q readings be- 
tweenthe Q Meters Types 160-A and 
260-A, a set of standard inductors 
Type 103-A was measured on two re- 
presentative instruments which were 
selected to be a s  nearly average a s  
possible after a careful survey of Q 
readings on several hundred produc- 
tion units. Figure 6 is a plot of the 
readings obtained, and figure 3 in- 
dicates the percent difference in these 
readings vs frequency. Note that 
these graphs apply only to inductors 
with Q values in the ranges indicate d . 
In general, the percent difference at 
any frequency is proportional to Q. 

FORMULA FOR PREDICTING 
Q READING DIFFERENCES 

The empirical formula at the bot- 
tom of this page has been suggested 
byR. E. Laffertyto describe the dif- 
ferences in& readings obtained on the 
two instruments. - -  

Term C 1 

.. -~~ 

L50-500 kc- 5-10 mc 
-10-50 mc I 

This formula is the result of com- 
bining actual measurements taken 
with both average instruments in a 
form indicated by the known theoreti- 
cal differences in measuring circuits 
described previously. It will be ob- 
served that the terms of the formula 
are grouped according to frequency 
domain. Term A represents the dif- 
ference in input conductance between 
the two Q voltmeters, term B cor- 
rects  for the difference of insertion 
resistance value, and term C com- 
pensates for the inductance of the in- 
sertion resistor in the Type 160-A 
Q Meter. The latter term was de- 
rived using the average value of 83 
pphy for this inductance. It will  be 
noted that each term is equal to 1 
outside the frequency range speci- 
fied. Thus, from 50 to 500 kc, only 
term A is significant, while from 500 

Figure 3. Difference in Q readings obtained by  measuring a set  o f  103-A inductors on 
both 160-A and 260-A, with the readings o f  fhe  latter used as o bose. Each line la- 
belled with a coil number indicates the percent difference in readings obtained by  meas- 
uring the same coil, throughout its resonant frequency range, on both instruments. The 
lines labelled 35 uuf, 100 uuf, and 400 uuf respectively, indicate the percent difference 
in Q readings resulting at these internal resonating capacitances. 

d 

FREQUENCY (K C) 

Figure 4. Values o f  the factor K, for 
use in term A of corrdation equation. 

kc to 5 mc, all terms are approxi- 
mately 1 and the two instruments will 
have good agreement. From 5 to 1 0  
mc, term B becomes significant, 
while terms A and C may be disregar- 
ded. Above 1 0  mc, B and C must be 
used. In general, the need for cor- 
rection is proportional to the magni- 
tude. 

It should be noted that this cor- 
relation equation does not account 
for the effects of the harmonic con- 
tent of the oscillator output of early 
Q Meters Type 160-A at the upper 
ends of the low frequency bands. Q 

w o  

z IO 

k 20 
n 
kj 30 

' 40 30 50 70 100 200 300 w 

U 

LL W 

W 

Y 

RESONATING CAPACITANCE M U T  

Figure 5 .  Colculoted percent differences 
in Q readings between 260-A (used as  
base) and 160-A, at three values o f  
Q as read on the 260-14. 
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This formula is the resuitof com
bining actual measurements taken
with bolb average Inslruments In a
form indicated bytbe known theoreti
cal differences in meaauring cirCuits
described previously. It will be ob
served tbat the lerms of the formula
are grouped according to frequency
domain. Term A represents lhe dif
ference In Inpul conductance between
tbe two Q vollmelers. term B cor
recls for the difference of insertion
resistance value, and term C com
pensates for the Inductance of lhe in
sertion resistor In the Type 160-A
Q Meter. The latter term was de
rived using the average value of 83
~lJhy for this Inductance. II will be
noted that each term is equal to 1
outside the frequency range speci
fled. Thus. from 50 lo 500 kc. only
term A Is significant. while frem 500

""

Fi,,,,. 5, Co/c"I",'" ,...,cent aiH.,.nc..
In 0 , ...al",. Mt....n 260... (....., o.
&a..) anJ J60... , <Jt t"'_ ...,,1.,.. 01
Q os read on 'M 260·A,

F~",. 4. V.. /".. 0# t'" 'ac''''' Ie. lot
"n in '.'111 ....(cornl"'l_ • .,...,tl_.

kc to I) me. aU terms are approxi
mately I and the two Instruments wUl
h:l.ve good agreement. From 5 to 10
mc. term B becomes significant,
while terms A and C maybe disregar
ded. Above 10 mc. Band C must be
used. In gcnE'ral, the need for cor
rection Is proportional to the magni
tude.

It should be noted that this cor
relation equation does not account
for the effeets of the harmonic con
tent of the oscillator output of early
Q Meters Type 160-A at the upper
ends of the low- frequency bands. Q
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IN MEGACYCLES

FORMULA FOR PREDICTING
Q READING DIFFERENCES

Tbeempirical formula at the bot
tom of this page has been suggested
hyR. E. Laffertyto describe the dll
ferences in Q readings obtained on the
two instruments.

To U1ustrate thedUferences which
might be expected In Q readings be
tweentbe Q Meters Types L60-A and
260-A, a set of standard Induclors
Type 103-A was measured on two re
presentative Instruments which were
selected to be as nearly average as
possible alter a careful survey of Q
readIngs on several bundred produc
tion units. Figure () Is a plot of llle
readings obtained. and figure 3 in
dicates the percent difference In these
readings vs frequency. Note thal
these graphs apply only to Inductors
with Q values In the ranges indicale d .
In generaL the percent difference al
llny frequency Is proportional to Q.

Q160A
Q260A
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In order to achieve and maintain TYPICAL EXPERIMENTAL DATA
these characterLstics, tbe usc of a
special tube is found to he Impera
tive. The BRC i05-A Is manufac
tured and tested speclrtcally for ap
plication In the Q voltmeter circuit.
A review of available tube types dur
Inglhedevelopmenlofthe Type 260-A
confirmed lhe fact lhat this was the
only tube which could meet such re
quirements, aod it was therefore In
cluded In the design of the new In
strument.

Several other changes in the volt
meter circuit were found desirable.
The addition of "La Q" and "llQ" seaJes
in the new Instrument necessitated a
slightly different operating poInt for
the voltmeter tube. In addition, the
physical arrangement of the grid clr
cuil was changed lo provide a higher
natural resonanl frequency, and ad
ditional bypassing was added In lhe
plate circuit of the vollmetcr. causing
the Type 2;iO-A to indicate Q more
accurately at low frequencies and al
low- capacitance settings of tbe re
sonating capacitor.

,,20-_
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u 10
Z...
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Figure 6. A comparison of Q readings obtained from duplicate measwcments on Loth 
Q meters of o set of 103-A inductors. Dotted curves marked "8" indicate va lues ob- 
tained on older 160-A's having appreciable oscil lator distortion in th is  range; curves 
marked "A" indicote 160-A's with reduced distortion. 

Meters Type 160-A having serial 
numbers above 4581 have oscillators 

Figure 5 illustrates the percent 
by which the older Q Meter wil l  read 
low at 100 kc, for three values of Q. 
These curves were calculated by using 
term A of the correlation equation. 

S U M M A R Y  

- with reduced harmonic content, 

frequency range. 
The correction equation and other 

data presented in this article are  the 
result of information obtained from 
average Q Meter readings, and do not 
allow for variations within specified 
tolerances. Application in individual 
cases may require study of the para- 
meters of the instruments concerned.. 

The difference observed between B I B L I O G R A P H Y  
the readings obtained on a Q Meter 1. "The Nature of Qtt ,  W. Cullen 
Type 160-A and a& Meter Type 2j0-A 
for a given component is caused by the 2, IlAlternating Current Measuring 
reduction of residual circuit para- Instruments as  Discriminators 
meters inthe latter instrument, per- Against Harmonics", Irving Wolff 
mittingmore ziccurate measurement. Proc. IRE, April, 1931. 
The chart below is a summary of the 3. 'IRF Microvoltages", Myron C .  
causes and effects of these Q read- Selby, National Bureau of Stand- 
ingdifferences as they apply for each ards. 

Moore, BRC Notebook, No. 1. 

Cause T e r m A  T e r m B  Term C _ _ _ -  R a n S  1GO.-AESa!h 
50-500 kc Low 160-A voltmeter loads measuring 1 1 1 

circuit at  low resonating capaci- 1 + ~JJ-~X 
tance and frequency. WCK 
Earlymodelsread 3'%lower at 100 
kc and 8% lower at  150 kc because 
of oscillator harmonics. This ef- 
fect i s  not included in Term A. 

500kc - 5 mc Substantially in agreement with 260-A 1 
5 mc - 10 mc Low Effect of higher 160-A injection 1 

resistance becomes appreciable 
with increased frequency, Q,  and 
resonating capacitance. 

10 mc - 50 mc Low at Injection resistance effect con- 
tinues, causing low readings with 
highresonatingcapacitance. Re- 
actance of injection resistor in- 

High at creases injected voltage with 
low C frequency, causing high read- 

ings at  low resonating capaci- 
tance and high frequency. 

high C 

1 
1 +- 

50 

Service Note 
R X  M E T E R  B R I D G E  T R I M M E R  

A D J U S T M E N T  
At frequencies above 100 MC the 

zero balance of the RX Meter bridge 
circuit is necessarily scmsitive to ex- 
tremely small variations in internal 
circuit capacitance, I t  is possible 
that minute shifts in the relative po- 
sition of circuit components, caused 
by excessively rough handling in ship- 
ping, etc. ,  may alter the effective 
capacity enough to make it impos- 
sible to obtain a null indication on the 
highest frequency range by adjusting 
ZERO BALANCE controls, "R" and 
"C". 

In most caseg, this situation can 
be corrected by the following screw- 
driver ad justmenta 

1. Allow the instrument to warm 
up, set  the oscillator frequency at 200 
mc, and adjust the detector tuning 
control as described in the Instruction 
Manual, with the Cp dial at 0 and Rp 
at 00 . 

2. With a screwdriver, p ryup  
the small metal cap located near the 
rear  of the ground plate on top of the 
instrument. This provides access to 
a small trimmer capacitor having a 
vertical : slotted adjusting shaft, 

3. Rotate the "R" knob and note 
whether the null indicator reading de- 
creases with (a) clockwise, or (b) 
counter-clockwise , rotation. 

c 

Figure  1 .  Adjusting R X  Meter trimmer. 
4. Using the screwdriver, rotate 

the trimmer shaft about 1/8 turn- 
clockwise in case (a) above, counter- 
clockwise in case (b) above. Then 
remove the screwdriver * andtryto 
obtain balance with the 'IR" and V'' 
knobs. If a null indication still can- 
not be obtained, rotate the trimmer 
another 1/8 turn in the same direc- 
tion. Continue this procedure until 
balance can be obtained. 

5. Check the balance at  a freq- 
uencyof 250 mc and repeat the above 
adjustment if necessary. 

*Correct null indication can not 
be obtained while the screwdriver 
(or aligning tool) is near or in contact 
with the trimmer shaft. 
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Service Note
RX METER BRIDGE TRIMMER

ADJUSTMENT

At frequrnclf"s abovE' 100 MC lhE>
U'ro balanCt' of thE> RX Metrr bridgt'
circuit Is rwCt'ssarily s('nsilivc to E'X
Irt·lTtol'ly small variations In Internal
circuit Cll.PQcitancl'. 11 is possibh'
thnl mlnut\' shifts in UIf' rclalivt' po
sition of circuit compof'l('nls. caused
byexccsslv{'ly rough handling in shljr
ping, t'lc., may aUt'r thr dfl'ctlve
cll.po.clly ('Dough to make it impoe
slblt' loobtaina null indicallon on thc
hlght'st frt'quI'ncy rang(' by adjusting
ZERO BALANCE conlrols, "R" and
"C ...

In most cases, this situaUon can
Ix' corrl'cled by lhe following screw
driver sdjustmE'ntt

1. Allow Ihr instrumt"nt 10 warm
up, set the oscillator frt"quf'ncy al 200
mc, and adjusl lhl> delt>ctor luning
control as descrlbttd in lhft Inslructlon
Manual, wUh tbe Cpdial at 0 and R p
at 00.

Z. With a screwdriver, pry up
the- small melal cap located near tbc
rear of tbe ground plat.e on top of tht'
lnBtrumellt. This provides access to
a small lrlmr:ner capacitor haVing a
vertical, slotted adjusting shaft.

3. Rotate the ''R'' knob and Dott'
whethftr tbe nulllDdicator reading de
crea.ses \YIlb fa) clockwise, or (b)
counter-clockwise, rotation.

•

FI,,,,. I, ",<lI"sllllg RX Me'e, !,Im",.,.
4. Usinglhescrewdriver, rotatt'

Ihe lrlmmer shaft about 1/8 turn
clockwise- In case (a) above, counter
clockwise In cal*' lb) abovt'_ Tben
rt'move- lhe screwdriver' andtrylo
obtain balanct' \Yilb lhe "R" and "C"
knobs. If a null indicalion stili can
not bE> obtained, rotate the trimmer
anothcr 1/8 turn in the sanw dlrec
UOD. Continue tbls procedure until
balanct'can bE> obtained.

5. Cbeck the balBllCE' at a frcq
uencyof250 mc and repe-at thE" above
adjuslmt'nt If necessary.

·Correct null indication can not
be obtained while the screwdriver
for aligning tool) Is Dear or In contact
with the trimmer shaft.
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frequen::y range.
Thecorrectlonequallon and other

data presenled In this article are the
resuU of information oblalned from
averageQ Meter readings, and do not
allow for variallons within specified
tolerances. Application In Individual
cases may require study of the para
meters ortht> Inslruments concerned.
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Meters Type 160-A haVing serial
numbers above 4581 have oscillators
with reduced harmonic content.

Figure 5 illustrates the percent
by whleh the older Q Meter will read
low at 100 kc, for three values of Q.
These curves were calculated by using
term A of the correlation equation.

SUMMARY

The difference observed between
the readings obtained on a Q Meter
Type IGO-A and aQ Meter Type 2JO-A
for:l given component Is caused by Ihe
reduction of residual circuit para
meters In the latter instrument, per
mitting more ltccuratt> measurement.
The chart below is a summary of the
causes and effects of lhese Q read
Ingdl(fcrenCE's as they apply for each

200'.
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BRC SALES ORGANIZATION 
Frank G. Marble, Sales Monoger 

As is the case withmost industrial 
firms, Boonton Radio Corporation 
makes most of its contacts with the 
outside world through its Sales De- 
partment. This, of course, i s  alto- 
gether reasonable, since the basic 
function of a Sales Department is ac- 
tually that of communication-- the 
origination and transmission of data 
to customers, potential customers, 
and those seeking specific technical 
information. 

v - ,  \"" D O  

*.I,<D 

BRC S OFFICES 

Since many readers of THE 
NOTEBOOK wiil, at some time, fall 
in at  least one of these catagories, 
we feel that it may be of interest to 
describe, very briefly, the set-up of 
our technical sales organization as it 
will affect them. 

Our sales organization may be 
considered as  having two major sub- 
divisions; the internal Sales Depart- 

ment, and a nation-wide network of 
Sales Representatives. The former 
is an integral part of the company, 
and is responsible for a number of 
widely diversified functions. These 
include the routine work of proces- 
sing orders, answering inquiries, 
expediting shipments, preparing 
quotations, etc., as well as super- 
vising advertising and sales promo- 
tion activities and catalog and in- 
struction material. The Sales De- 
partment also has the responsibility 
of developing and distributing new 
application information needed by 
customers, and of keeping abreast 
of the trends and requirements of the 
industry. In addition, company Sales 
Engineers handle, directly, instru- 
ment sales in the New York City, 
New Jersey area as  far South as 
Washington, DC. 

The secona subdivision of our 
organization is comprised of Repre- 
sentatives who are located through- 
out the country in those areas where 
the electronics industry is most 
heavily concentrated. These organi- 
zations maintain staffs of experienced 
sales engineers who a r e  throughly 
familiar with the operation and ap- 
plication of BRC instruments. Each 
Representative is the exclusive BRC 
agent inhis territory, and is qualified 
to supply complete information on our 
full line of equipment. 

A NOTE FROM THE EDITOR 
1 ,  

W We were extremely pleased and, 
to tell the truth, a little amazed at 
the response which greeted the first  
edition of THE NOTEBOOK. The 
number of returns received has forced 
us to revise completely our original 
estimates of the size of future print- 
ings. A few figures might be inter- 
esting. We mailed roughly 40,000 
copies of the first edition to'a selec- 
ted group of engineers, scientists, 
andeducators. A s  a direct result of 
the ,reply cards returned, we are  
mailing this second edition to a list 
of 19,000 readers,  and it is still 
growing daily. In addition, we have 
received several hundred notes and 
letters expressing interest and en- 
couragement. 

Such a vote of confidence is deeply 
appreciated. We will do our best to 
merit it in the future by maintaining, 
as nearly as possible, the level es- 
tablished in our first issue. 

CORRECTION: Somewhere along 
the way, in preparing NOTEBOOK 
No. 1, an exponent was lost. The 
first  equation in column 1, page 6 ,  
should read: 

L 
Le = 
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As Is the case with most Industrial
firms, Boonton Radio Corporation
makes most of its contacts with the
outside world through its Sales De
partment. This, of course, i.s aUo
gether reasonable, sInce the basic
Cunctianofa Sales Department is ac
tually that of communlcation-- the
orIgination and transmission of dala
to customers, potential customers,
and those seeking apec[ftc technical
tnCorm:'c'olo=n: ",,__,,_-;;r.l

Since many readers of THE
NOTEBOOK will, at Borne lime, fall
In at least one of these catagories,
we feel that it may be of interest \0
describe, very briefly, the sel-up of
our technical sales organlzalton 8S It
will affect them.

Our sales organization may be
considered as having two major sub
divisionsl the internal Sales Depart-

ment, and a nallon-wide network of
Sales Representatives. The former
Is an integral part of the company,
and Is responsible for a number of
widely diversified functions. These
include the routine work of proces
sing orders, answering Inquiries,
expediting shipments, preparing
quotations, etc., as wel.l as super
vising advertising and sales promo
tion activities and catalog and in
struction material. The Sales De
partment also has the responsibility
of developing and distributing new
application information needed by
customers, and of keeping abreast
ofthe trends and requirements of the
Industry. In addition, company Sales
Engineers handle, directly, instru
ment sales In the New York City,
New Jersey area as far South as
Washington, DC.

The second subdivision of our
organization is comprised of Repre
sentatives who are located through
out the country in those areas where
the electronics industry Is most
heavily concentrated. These organi
zations maintain staffs of experienced
sales engineers who are throughly
familiar with the operation and ap
plication of BRC Instruments. Each
Representative is the exclusive BRC
agent in his territory, and is qualified
to supply complete information on our
MI line of equipment.

A NOTE FROM THE EDITOR

We were extremely pleased and,
to tetl the truth, a lillie amazed at
the response which grccted the first
edition of THE NOTEBOOK. The
number of returns received has forced
us to revise completely our original
estimates of the size of future print
ings. A few figures might be inter
esting. We mailed roughly 40, 000
copies of the first edition to· a selec
ted group of engineers, sclenUsts,
andeducalors, As a direct result of
the ,reply cards returned, we are,
mailing this second edition to a list
of 19,000 readers, and It is sti1l
growing dally. In addillon, we have
received several hundred nOles and
letlers exprcssing Interest and en
couragemenl.

Such a vote of confidence Is deeply
appreciated. We will do our best to
merititin the future by maintaining,
as nearly as possible, the level es
tablished in our first issue.

CORRECTION: Somewhere along
the way, In preparing NOTEBOOK
No.1, an exponent was lost. The
first cquation in column I, page 6,
should read:

L
4=
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, 'TO M A T C H  . . . O  R NOT TO M A T C H  5 ,A<̂ )\' 

W .  CULLEN MOORE 

acts in series with the antenna radla- 
tion resistance. Like the open-cir- 

Engzneenng Manage? 

The above question might logical- 
ly be followed by two additio 
ries: "If not, why not?'! and 
what then?" 'These are  loaded ques- 
tions. The Technician in his screened 
room as  well a s  the Engineer at his 
desk had best tread carefully lest 
he bring down upon himself a barrage 
of counter-queries. Perhaps we can 
provide a few good rounds of ammu- 
nition for both sides and may the best 
man win. 

The purpose of a signal generator 
is to make available in the Laboratory 
a calibrated source of radio frequency 
signals which is equivalent to the an- 
tenna system with which the receiver 
eventually will  operate. The signal 
generator, withthe associated dummy 
antenna, must therefore behave the 
same as the antenna system with 
respect to ability of the receiver to 
absorb energy. Failure to meet this 
condition invalidates the signal gen- 
erator a s  a substitute for the antenna. 

Let us look briefly at an interesting 
situation. Failure to take into account 
the internal impedance of an antenna 
system can very easily lead to an er- 

realizable sensitivity 
as compared to the 
. It would require a 

change of 4: 1 in the antenna power of 
the transmitter at a fixed distance to 
compensate for the apparent error  of 
2: 1 in the sensitivity of the receiver. 

Other conslderations, such a s  sig- 
nal-td-noise ratio or selectivity, may 
impose contradictory requirements on 
the input impedance characteristics of 

YOU WILL FIND. . . 
Transmission Line Measurements with the 

To appreciate the logic leading to 
ice let u s  consider the source 
gy from which the combined 
of the antenna and receiver is 

quirements dictated for maximum 
microvolt sensitivityalone. In such a 
case: what does the calibration of the 
signal generator tell us about the ac- 
tual sensitivity of the receiver? 

The necessity for making the same 
measurement on a receiver using dif- 
ferent generators or comparing the 
results of measurements on different 

E. Standard far introducing 
Ea through antenna impe- 

dance Ra into receiver input impedance Rr. 

receivers requires an understanding of 
whatwe are  about when making meas- 
urements of receiver sensitivity. 

DUMMY ANTENNAS 
The sensitivity of a radio receiver 

is NOT the number of microvolts ap- 
plied directly to the input terminals of 
the receiver to produce standard out- 
put, even though this frequently is as- 
sumed to be the case. 

The Institute of Radio Engineers 
has defined the INPUT SENSITIVITY 
O F  A RECEIVER as the number of 
microvolts required to produce stand- 
ard output when applied through a dum- 
my antenna having the characteris- 
tic imp the antenna with 
which th s intended to oper- 
ate, to rminals of the re- 
ceiver . ' 1 * 

driven: Electromagnetic energyflow- 
ing in free space encounters a conduc- I tor and excites in it a voltage which 

A Coaxial Adapter for the RX Meter 
On page 7 

this voltage is available to  u s  only 
in serfes with the internal impedance 

r source itself. The vari- 
impedance with frequency 

may require a series-parallel com- 
bination of R , L,  and C in the dummy 
antenna. Part of all of it may be con- 
tained in the signal generator output 
impedance. 

POWER TRANSFER 
We have mentioned above that con- 

derations ,of signal-to-noise-ratio, 
selectivity and the like may have an 
effect on our ohoice of load for the an- 
tenna system and it i s  useful to see 
how the power transfer from the anten- 
na to the receiver will be affected by 
deliberate mis-matches inload. F.ig- 
ure 1 is the basic circuit describing 
the test conditions specified by the 
Institute of Radio Engineers in which 
we have conveniently assumed that 
only resistances are  involved. The 
total power intercepted by the antenna 
system will be dissipated in two por- 
tions of the network (1) the internal 
impedance of the antenna and (2) the 
input load presented by the receiver. 
The power delivered to the receiver 
load will equal: 

Figure 2 indicates the efficiency 

'X . 

' Figure 2. Effect of variation of receiver 
input impedance Rr an power into receiver 
with fixed antenna impedance Ra and valt- 
tage Ea. 
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thIs voltage Is avallab!(' to us only
In series with the InternallmpedUllce
of the power source Itself. The varl
alton ofthlslmpedance wilh frequency
may reqUire a series-parallel com
blnatlonofR, L, andC in the dummy
antenna. Pari of all of il may be con
tained in the signal generator output
Impedance.

POWER TRII.NSfER
We have mentioned above that con·

slderaltOfls of slgnal-to-noise-ratlo,
selectivity and the like may have an
effect on our choice of load for the an
tenna system and it is useful to see
how the power U-ansfer from the anten
na to the receiver will be affected by
delit~ratemis-matches in load. fig
ure 1 Is lhe basic circuit describing
the test condillons specified by the
Instllute of Radio Engincers in which
we have conveniently assumed that
only reslslances are involved. The
tOlal power Inlercepted by the antenna
system will be dissipated In two por
tions of the ne(work (1) the internal
Impedance of the antenna and (2) the
Input load presented by the recelvel·.
The power delivered to the '·ecelver
load wlll equal:

r n, 1,(1) R, E.'
Pr=~a-Rr)EJ \R r '" (Ra"R r >'

Figure 2 Indicates the efficlenc

Figure I. I.R.E. 5'a"dord1<>l i"tra<luei"9
lig_' vo'tage Ea l/or"9/o a"I.""" i..p ....
donee Ro i,,'o ,,,,,,eiver i"put ;",..e<Io"e. R,.

receivers requires an understanding of
whal we are about when making meas
urements of receiver sensltlvlly.

DUMMY ANTENNAS
The sens!tlvity of a .·adio receiver

Is NOT the number of microvolts ap
plieddirecllyto the Input te,·mlnnls of
lhe receiver to produce standard out
put. evenlhoughthis frequenllylsas
sumed to be the case.

The Instltuie of Radio Engineers
bls defined the INPUT SENSITIVITY
OF A RECEIVER as the number of
microvolls required to produce stand
ard OIltput when applied through a dum
my antenna haVing lbe characteris·
tic impedance of the anlenna with
which tbe receiver Islnlended to oper
ate, to tbe Inp.lt terminals of lbe re
cetver. '.'

To appreciate the logic leading to
this choice let us consider tbe source
of energy from which the combilll'd
system of lbe antenna and receiver Is
driven. Electromagnellcenergynow
iog in free space encounters a conduc
tor and excites in It a voltage which
acts In series with the antenna radia
tion resistance. Like lhe open-cir
cuit electro -motive-force of a battery

qUirements dictated for maximum
microvollsensltlvityalolle In such a
case, what does the calibration of the
signal generator tell us aboul tlte ac·
tua! sensltlvtty of the receiver?

The necessity for making the same
measurement on a receiver using dif
ferent geJ:K>rators or comparing the
results of measurements on different

YOU WILL FIND•••

A Coaxial Adapter far lhe RX Mel..
On page 7

Univerler Sig"al-Ta-Nail" Raria
On I"'ge 8

T,an'flliuiOl'1 Line Mea, ........"" wilh lhe
RX ~r... On I"'P 4

The above question might logical
ly be followed by two additional queM
rles: <'If not, why not?" and "If not,
what then?" 'These are loaded ques·
t Ions. The Technician In his screened
room 8S well as the Eng!neer at his
desk had best tread carefully lest
he bring down upon himself a barrage
of counter-queries. Perhaps we can
provide a few good rounds of ammu
nitlonforbothsldes, and may the besl
man win.

The purJXl!>e of a signal generator
Is to make available In the Laboratory
a calibrated source of radio frequency
signals which Is eqUivalent 10 the an
tenna system with which the receiver
eventually will operate. The signal
generator, with the associated dummy
antenna, mW>t therefore behave the
same as the antenna system with
respect 10 ability of the receiver to
absorb energy. Failure to meet this
condition invalidates the signal gen
erator as a substitute for the antenna.

Let ualook briefly at an Interesttng
s\luatlon. FaUure to take Into account
the Internal Impedance of an antenna
system Cllll vel·y easily iead to an er
ror of2: 1 In tbe realizable sensitivity
of a receiver as compared to the
measured value. It would require a
change of 4: 1 in the antt"nna power of
the transmitter at a rUed distance to
compensate (or the apparent error of
2: I In the sensitivity of the receiver.

Otberconaldt"rations, such as slg
rul-Io-noise ratio or selectivity. may
Impose contradictory requlremen18 on
the input impedance characteristics of
a receiver as comoored w th '''e
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of power transferwhichtakes place as  
we vary the ratio of load to antenna 
resistance. This curve shows that 
the maximum power at the input ter- 
minals of the receiver is obtained when 
the receiver input impedance matches 
the antenna impedance. The maximum 
is fairlybroad, but a relatively small 
shift downward in the input impedance 
of the receiver results in a very large 
change in the amount of power de- 
livered tothe receiver as compared to 
the effect of an equal increase in the 
receiver input impedance. 

SELECTIVITY 
Up to this point we have been dis- 

cussing the title of this paper, namely: 
''To match or not to match", We are 
now faced with the second question. 
ttIfnot, whynot?'' The curve we pre- 
sented in Figure 1 shows the way in 
which power is transferred from one 
resistive circuit to another. A sim- 
ilar relationship exists for coupling 
between primaries and secondaries 
of tuned transformers. 

A s  the coupling is increased, the 
effective Q of the resonant winding de- 
creases until a point is reached at 
which the Q drops to one-half the un- 
coupled value. At this point (i.e. 
critical coupling), there is the optimum 
energy transfer between the circuits. 

However, that value bf coupling 
which produces optimum energytrans- 
fer has simultaneously dropped the Q 
of our resonant selective circuit to 
one-half and thereby degenerated the 
selectivity of the front end of the re- 
ceiver. In order to obtain better 
selectivity characteristics, we may 
deliberately mis-match the receiver 
to the generator to reduce loading on 
the resonant circuit. We wil l  shortly 
find out how this mis-match can be 
accounted for in our' measurements. 

MIS-MATCHING FOR IMPROVED 

MIS-MATCHING FOR IMPROVED 
SIGNAL-TO-NOISE RATIO 

Another consideration which may 
lead to a deliberate mis-match of the 
receiver to the antenna impedance is 
the necessity for improving the sig- 

nal-to-noise-ratio over that which 
would be, obtained from a perfect 
match, 3* 

The noise and the signal are  inter- 
mixed in the antenna and the receiver 
should select them as  favorably as  pos- 
sible. The noise voltage generated in 
the antenna is proportional to the square 
root of the antenna impedance. The 
noise power induced into the matched 
input circuit of a receiver is indepen- 
dent of the receiver input impedance. 
The signal power for a given voltage is, 
however, a function of the input im- 
pedance of the receiver. The ratio of 
signal to noise can therefore be af- 
fected by deliberately mis-matching 
the receiver to the antenna impedance 
in exchange for a loss in microvolt 
sensitivity. 

1 ,  

S IfG N A L GENERA T 0 R 

CALIBRATION 

Having seen above that there are 
reasons to match and reasons not to 
match the receiver input to the anten- 
na impedance there remains to in- 
vestigate the question: "If not match- 
ed, what then?" It should be care- 
fully noted that the IRE standards re- 
quiring the use of a dummy antenna 
say nothing whatsoever about the im- 
pedance of the receiver. 

b 

OPEN CIRCUIT VOLTAGE 
OUTPUT VOLTAGE "1% ZX GENERATOR CALIBRATION 

Figure  3. Output voltage calibration for a 
generator having its source impedance 
equal t o  the characteristic impedance of 
the output cable.  

To use a signal generator intel- 
ligently we must understand how the 
output system behaves under different 
conditions. Signal generators can be 
divided roughly into two classes: 
a. Low source impedance, and b, 
matched source impedance. In low 
source impedance generators, the out- 
put transmission line is driven di- 

rectly by a pick-up loop having the 
lowest possible inductance. In a - 
matched source generator, a low in- 
ductance pick-up loop provides a very 
low impedance source of voltage which 
feeds through a matching resistor to 
the output cable. The value of the re- 
sistor is carefully controlled to. match 
the characteristic impedance of the 
transmission line. 

The output meters and dials of 
signal generators of both the matched 
and low internal impedance varieties 
are almost universally calibrated in 
terms of the voltage developed at the 
output jack on the front panel of the 
generator when this jack is termina- 
ted in a resistive load equal to the 
characteristic impedance of the CO- 
axial line or the rated output im- 
pedance of the generator. 

The heart of the problem lies in 
the length of coaxial cable commonly 
used to connect the point of generation 
of the radio frequency signals to the 
input to the receiver. At the freq- 
uencies generally encountered in 
communications and television this 
length of cable can approach and ex- 
ceed 1/4 wavelength. A 1/4 wave- 
length piece of transmission line has 
a transforming property for both im- 
pedance and voltage which acts some- 
what like a teetertotter, the mid- 
point of which is the characteristic 1 
impedance of the line. A low-loss 
1/4 wavelength piece of line driven by 
alow impedance source will produce a 
very high voltage at the open circuit 
end of the line. Conversely, if the 
driving source impedance is high the 
output voltage wil l  be low. If the 
source impedance equals the charac- 
teristic impedance of the line, the 
output voltage will equal the input 
voltage. 

In matched signal generators the 
calibrated voltage is fed through the 
characteristic impedance of the gen- 
erator and the connecting cable to the 
matched terminating load. In order 
for the dial to be calibrated in terms 
of the voltage, E ,  developed across 
the load alone it is necessary to de- 
liver twice this voltage, 2E, to the in- 
put to the internal generator imped- 
ance. This means that the open-cir- 
cuit voltage available at the front 
panel, 2E, will  be twice that obtained, 
E ,  when the output jack is terminated 
in a matching impedance, and hence 
twice the dial calibration, as  shown 
in Figure 3. 

Looking back into the generator 
from the end of the Connecting line 
one sees a properly terminated line. 
Therefore the length of line has no L 

effect on the voltage at the output, 
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of power transfer which takes place as
we vary the rallo of load to antenna
resistance. This curve shows that
the maximum power at the Input ter
minals of the receiver Is obtained when
the receiver Input Impedance matches
the antenna impedance. The maximum
Is falrlybroad, but a relatively small
shift downward in the inllUt Impedance
of the receiver results In a very large
change in the amount of power de
livered tothe receiver as comJXlred to
the eHect of an equal increase In the
receiver input impedance.

MIS·MATCHING FOR IMPROVED
SELECTIVITY

Up to this point we have been dls
cussing the tille ohhis paper, namely:
"To match or nOI to match". We are
now faced with the second question.
''If not , wbynot?" The curve we pre
sented in Figure I sbows the way In
wblch power Is transferred from one
reslslive circuit to anOlher. A sim
Ilar relallonsbip exists for coupling
between primaries and secondaries
of \Uoed transformers.

As the coupling is Increased, the
effectlveQofthe resonant winding de
creases until a point Is reached at
which the Q drops to one-half the un
coupled value. Ai this point (1.1.'.
critical coupling), thl.'re Is the opt imum
encrgy iransfer between thc circuits.

However, that value or coupling
which produces optimum energy trans
fer has simultaneously dropped the Q
of our resonant selective circuli 10
one-half and thereby degenerated the
selectivity of the front end of the re
ceiver. In order 10 obtain heller
selecllvlty characteristics, we may
deHberately mis-match the receiver
to the generator to reduce loading on
the resonanl Circuit. We will shortly
find out how this mis-malch can be
accounled for in our measurements,

MIS-MATCHING FOR IMPROVED
SIGNAL~TO-NOISE RATIO

Another consideration which may
lead la a deliberate mis-match of the
receiver to the ~enna impedance Is
Ihe necessity ror improving the sig-

nal-to-nolse-rallo over that which
would be obtslDe'd (rom a perfl'Ct
match. ~

Tile noise and the signal are inter
mixed tn the antenna and the receiver
should select them as favorably as pos
sible. The nOIse voltage generated in
the antenna Is pl'oportlonal to the square
root of tbe antenna Impedance. The
noise power Induced Into lhe matched
Input circuit of a receiver Is Indepen
dent of the receiver input impedance.
The signal power for s given voltage Is,
however, a function of the Input Im
pedance of the receiver. The ratio of
signal to noise can thcrefore be af
fected by deliberately mts-matching
Ihe receiver to the antenna Impedance
In exchange for a loss In microvolt
sensitivity.

SIGNAL GENERATOR

CALIBRATION

Having seen above that there are
reasons to match and reasons not to
match the rl.'celver input 10 the anlen
na impedance there remains 10 In
vestigalethe questton: "If not malch
ed, what lhen?" 11 should be care
fully noted thai the mE slandards re
quiring the use of a dummy antenna
say nothing whatsoever about the Im
pedance of the receiver.

Fi'J'He 3. Outp'" .....lfOr ulilwof;OfI f1H ..
rlte,olo< l>ovi"9 it. ._". ''''"..,., ,.
e'l",,1 I.. the ",.",...".,i" ... i.".,J 0'
the o",put "",Io'e.

To use a stgnal generalor Intel
ligently we must understand bow the
output system behaves under different
conditions. Signal gen<'ratora can bE
divided roughly Into two classes:
a. Low source Imped:u)(:e, and b,
matched source impedance. In low
source impedance generators, the out
JXlI transmission line Is driven dl-
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rectly by a pick-up loop having the
lowest possible Inductance. In a
matched source generator, a ICWo' in
ductance pick-up loop prOVides a very
low Impedance source of voltage which
feeds through a matching reslator to
tbe output cable. The value of the re
sistor Is carefully controlled to match
the characteristic impedance of the
transmission line.

The output meters and dials of
signal generators of both the matched
and low Internal Impedance varlelles
are almost universally calibrated In
terms of the voltage developed at the
output jack on the front panel of the
generator when this Jack ts termina
ted In a reslsllve load equal to the
characteristic Impedance of the co
axial line or the rated output Im
pedance of the generator.

The heart of t~ problem lies In
the length of coaxial cable commonly
used to connect the point of generation
of the radto frequency signals to the
input to the receiver. At the freq
uencies generally encountered tn
communications and Ie-Ievlsion this
length or csble can approach and ex
ceed 1/4 wavelength. A 1/4 wave
length piece of transmission Hoe has
a transformtng property for both im
pedance atxl voltage which acts some
what like a teeterlotter, the mid
point of which Is the characteristic
impedance of the line. A low-loss
1/4 wavelength piece of line driven by
a low Impedance source will produce a
very high voltage at the open circuit
end of the Hne. Conversely, if the
drtvlng source Impedance Is high the
output voltage will be low. If the
source Impedance equals the charac
teristic tmpedance of the !ine, the
output voltage wlll equal the Input
voltage.

In matched signal generators the
calibrated voltage Is fed through. the
charactertstlc impedance of the gen
erator and thc connecting cablc to the
matched terminating load. In order
for the dial 10 be callbrated In terms
of tbe voltage, E, developed scross
the load alone II Is necessary to de
liver Iwlce this vollage, 2E, to the In
put to the Internal generator Imped
ance. This means that the open-cir
cuit voltage available at the front
panel, 2E, wlll be twtce that obtslned,
E, when the output jack is terminated
in a matching Impedanct:", and hence
twice the dial calibration, as shown
In Figure 3.

Looking back Into the generator
from the end of the connecting line
one sees a properly terminated line.
Therefore the length of line has no
effect on tile voltage at the output.
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VOLTAGE DIVISION IWTERWAL IMPEDANCE EWIVALEWT CIRCUIT 

NO LOAD 

~ ACTUAL CIRCUIT 

+ 5 0  
e,= 2 E 

(50 + R) 

e r = 2 E  
(ZR+50) 

VOLTAGE DIVISION 

LOAD R= 2. ADDED DIRECTLY 

7--------, 

1 - - -____--  r 
EQUIVALENT CIRCUIT 

LOAD R =Z, W I T H  MATCHING RESISTOR 

GENERATOR IS CALIBRATED IN E MICROVOLTS 

Figure  4. Application of Thevenin's 

TERMINATED CABLES 
A terminating resistor frequently 

is used in the end of extension cables, 
and the voltage developed across it is 
exactly equal to the reading on the 
dials. By the application of Thevenin's 
theorem, the equivalent circuit of the 
generator now appears to be the out- 
put voltage acting in series with the 
paralleled matching resistor and the 
generating source. Thus, as we see 
in Figure 4, we have the equivalent of 
25Q internal impedance acting in ser- 
ies withthe indicated number of micro- 
volts. (Ref. 3,  p. 47). 

If we wishto match 50Q it is neces- 
sary to add an additional 25S2 in series 
withthe output cable. This gives us the 
equivalent of an antenna having induced 
in it E microvolts and having an inter- 
nal impedance of 50Q. Only half of the 
antenna voltage is delivere'd to the in- 
put terminals of the receiver a s  shown 
in Figure 4. 

To the engineer struggling to meet 
receiver sensitivity specifications this 
may look like hitting aneself over the 
head just for the fun of it. In fact, 
the apparent loss of receiver sensi- 

' tivitycaused by accounting for the an- 
tenna impedance when makingmeasure- 

Theorem to a cable terminated in 2,. 
ments with a signal generator has given 
rise to the expression of "hard" vs 
"soft" microvolts. One must work 
much harder to obtain sensitivity with 
''hard'' microvolts than with "soft" 
ones, which pour directly out of a low 
impedance signal generator. Un- 
fortunately, microvolts are  hard to get 
out of all antenna systems. 

ATTENUATOR PADS 
Let us consider the impedance and 

voltage distribution along another com- 
monly used system; that in which a 6 
db ~ or 2: 1, attenuator pad has been 
used in the line between the generator 
andreceiver. Figure 5 shows the ar- 
rangement of the elements. 

The wtput of the pad is equivalent 
to the characteristic impedance of the 
generator in series with E microvolts. 
A 20 db, or 10:  I, pad is equivalent to 
E/5 microvolts in series with the gen- 
erator impedance where E is the read- 
ingon the generator dial. Apad can be 
designed tomatch the generator output 
to a different value of receiver input 
impedance The 2: 1 or 10 :  1 voltage 
division acts On the 2E supplied in ser- 
ies with the 50 ohm internal generator 
imDedance 

UINMATCHED LOADS 
We have implied above that the out- 

put system of an internally matched 
generator will  maintain 2E microvolts 
at the input to its internal impedance re- 
gardless of the termination at the end 
of the coaxial cable. This can be shown 
as  follows. 

In signal generators using a pis- 
ton-type (or wave-guide-below -cut- 
off) attenuator the metered voltage is 
generated in a primary coil at the in- 
put end of the attenuator tube. At any 
particular distance down the tube a de- 
finite amount of voltage, 2E > where E 
is the voltage shown on the generator 
dials, wil l  be induced in the secondary 
loopwhich drives the output transmis - 
sion line. In an internally matched 
generator the matching resistor is 
located between the low-impedance 
pick-up loop and the input to the trans- 
mission line. 

The arrangement described above 
forms a transmission line having a 
zero-impedance voltage source, Eg = 
2E, in series with the sending end 
impedance, ZS, which is matched to 
the characteristic impedance of the 
line, Zo. The resulting voltage at  the 
receivingend, E r ,  a s  the receiving end 
impedance, Z r  , is varied can be de- 
rived from the transmission line equa- 
tion for Ir(Ref. 3, p. 1 3 9 . ,  eq. 29): 

E, = IrZr = 

2% Zo Z r  

FQr alossless line, the "propaga- 
tionconstant, y , reduces to a ''phase 
shift factor", jp, which usually is of 
no interest to us. The output voltage 
then is, zr 

g 
In the above derivation no restric- 

tions were placed on the length of line 
or the receiving end impedance, pro- 
vided the sending end impedance is 
matched to the characteristic imped- 
ance of the line. This result is logical- 
ly appealing. Looking back into the 
generator from the receiving end of 
the lossless cable we see a matched 
load regardless of the length of cable. 
Even if we reduce it to zero, we are 
left with the matching impedance, 
Zs = Zo, in series with a source of 
voltage, Eg = 2E, where E is the dial 
calibration. 

E, = - E 
zo c zr 
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CeJ(La'"Zrl (Ls'" Zole')'1+ (20-ZrH Zs- Zo}e -yI

IfZs=Zo

E
r

.. 2Eg Zo Zr

(Zo + Zr) (ZZo)eYl

Eg Zr

UNMATCHED LOADS
We have implied above that tbe out

put system of an Internally matched
generator will maintain 2E microvolts
al the Input to its Internal Impedance re
gardless of the termination at the end
of the coaxial cable. This can be shown
as follows.

(n signal generators using a pis
ton-type (or wave-guidc-below-cut
oft) attenuator the metered voltage is
generated in a primary call at Ute In
put end of the attenuatol· tube. At any
partlculardlstancedownlhetube a de
finite amount of voltage, 2E, where E
is the voltage shown on the generator
dials, wlllbe induced in the secondary
loopwhichdrtves the oulput transmis
sion line. In an Internally matched
generator the matching resistor is
located between the low-tmpedance
pick-up loop and the input to the trans
mission Une.

The arrangement described above
forms a transmission line having a
zero-impedance voltage source, Eg =
2E, in series with the sending end
impedance, Zs, which is matched to
the characteristic impedance of the
line, Zoo The resulting voltage at the
receiving end, Er , as the receiving end
Impedance, Zr, is varied can be de
rived from the transmission line equa
tion for Ir (Ref. 3, p. 139., eq. 29):

Er = IrZr =

2Eg Zo Zr

E - I
r - (Zo + Zrle'Y

For a loss less line, the "propaga
tion constant, Y , reduces to a "phase
shift factor", Jj3, which usually is of
no Interest to us. The output voltage
then is, Zr

Er '" Eg
Zo + Zr

in the above derivation no restric
tions were placed on the length of line
or the receiving end Impedance, pro
vided the sending end impedance Is
matched to the characteristic imped
ance of the line. This resull is logical
ly appealing. Looking back Into the
generator from the receiving cod of
the lossless cable we see a matched
lOad regardless of the length of cable.
Even if we reduce it to zero, we are
left with the matching Impedance,
Zg'" Zo, In serllO"S with a source of
voltage, Eg • 2E, where E Is the dial
calibration.
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ments with a signal generator has given
rise to the expression of "bard" vs
"soft" microvolts. One must work
much harder to obtain sensitivity with
·'hard·' microvolts than with "soIl"
ones, which pour directly out of a low
impedance signal generator. Un
fortunately, microvolts are bard to get
out of all antenna systems.

ATTENUATOR PADS
Let us consider the impedance and

vol tage dlstr ibution along another com
monly used system: that in which a 6
db, or 2:1, altenuator pad has been
used in the line between the generator
and receiver. Flgul'e 5 shows the ar
rangement of the elements.

The output of the pad is equivalent
to the characteristic impedance of the
generator in series with E micI·ovolts.
A 20 db, 01' 10: 1, pad Is equivalent to
E/S microvolts in series with the gen
erator impedance where E Is the read
ingonthegeneratordial. Apad can be
designed to match the generator output
to a different value of receiver input
impedance The 2: 1 01' 10,1 voltage
division acts 6n the 2£ supplied in ser
ies with the 50 ohm internal generator
imoedance
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Fivute 4. Application al Ti>evenin's

TERMINATED CABLES
A terminatfng reSistor frequently

is used in the end of extension cables,
and the voltage developed across It is
exactly equal to tbe reading on the
dials. By the application ofThevenin's
theorem, the equivalent circutt of the
generator now appears to be the out
put voltage acting in series with the
paralleled malchtng regislor and the
generating source. Thus, as we see
in Ftgure 4, we have the equivalent of
25n Internal impedance acting in ser
ies with the indicated number of micro
volts. (fief. 3, p. 47).

Ifwe wtsh to match son It Is neces
sarytoadd an additional 250 in series
wi th the output cable. This gives us the
equtvalent of an antenna having Induced
in it E microvolts and having an Inter
nallmpedance of son. Only half of the
antenna voltage is dellveretl to the in
puttermlnalsof the receiver as shown
in Figure 4.

To the engineer struggling to meet
receiver sensltlvity specifications this
may look \ike hitting oneself over the
head Just for the fun of it. In fact,
the apparent los8 of receiver sensl
t1vltycaused by accounUng (or the an
lenna impedance when making measure-

lOAO II-Z. AOOl:O OUIECTLY

lO..1l "oz. WITH M..TCHIIC IIESISTOR
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MU L.TI - F R E Q U 6N CY 
M E A S U R E M E N T S  

In the above discussions we have 
treated relatively simple configura- 
tions of resistors and cables. Actual- 
ly, dummy antenna systems may be- 
come quite complicated, involving ser- 
ies and parallel combination of re- 
sistors, inductors, and capacitors in 
order to duplicate the frequency char- 
acteristics of the antennas being used 
with the receiving equipment.' 2The 
values obtained for intermediate freq- 
uency direct transmission and for 
image rejection ratios in superheter- 
odyne receivers may be seriously af- 
fected by the accuracy of the dummy 
antenna since quite large ratios exist 
between the resonant frequencyand the 
frequencyunder test. The impedance 
mis-match caused by .off-resonance 

' operationof the input system of the re- 
ceiver, such as  when taking standard 
selectivitycurves, produces wide im- 
pedance variations which affect the 
calibration of the output system of a 
non-matched generator, and hence the 
validity of the selectivity curves ob- 
tained. 

CON C LU S IO N 
The function of the signal gen- 

erator and dummy antenna is to re- 
produce in the laboratory the condi- 
tions presented by the antenna system 
withwhich the receiver i s  to operate. 

I 
m 

r---- --- - ---- 
I 17 17 I 

SOAR.  6 db PAD 

VOLTAGE DIVISION 

50 50 33 67 -- -- 

I 
EQUIVALENT CIRCUIT 

Figure 5, Equivalent  circuit of a SO-ohm, 
6 db symetrical attenuating pad. 
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'T ra n sm i ssi o n Lii ne Mea s w e  mle nb" 
WITH THE RX' METER 

NORMAN L. RIEMENSCHNEIDER, Sales Engineer 

The RX Meter has found wide 
application in the measurement of 
characteristic impedance, attenua- 
tion, and velocity of propagation of 
transmissionlines. T,he rapidity with 
which the measurements can be ac- 
complished on relatively short p 
of cable and the accuracy realized in 
using the bimple, direct techniques 
describedbelow has made the instru- 
ment a valuable tool for the design 
engineer concerned with coaxial ele- 
ments, as well as for the quality 
control engineer making spot checks 
during the manufacture of cable. 

briefly the methods used in measur- 
ing each of the above characteristics 
with the RX Meter. In order to clarify 
the approach used in each case we 
have included, at the end of this arti- 
cle, a brief review of the basic trans- 
mission line formulas involved. 

IMiPE D A  NICE 

In this article we will describe, 

CH A R,A CTE R I S T  IC 

ZL is the impe 
mination @self. 
this relattbn is 

terminabed byR1. The actual proce- 
dure used for this measurement is 

oscillator is ad- 
measuring freq- 

the sample cable 
responding to ap- 

nds dressed back about one- 
espose the center condytor . If the nable dielectric is 

Meter is f i r k t  balancd with nothing 
attached to the terminals and with the 
Cp and Rp dials Bet at 0 and - re- 
spectively. The bridge is then re- 

gative (indicating inductance) the 

Several methods are  available 
for the measurement of character- 
istic impedance b o )  with the RX 
Meter. One of the mpst satisfactory 
involves  the^ familigr relationship, 
ZO = -ZL, where Z i  is the input 
impedance of a quarter-wavelength 
line with a given termination, and 
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MULTl·FR EQUENCY
MEASUREMENTS

In the above discussions we have
treated relatively simple configura
tlonsofresistorsand cables. Actual
ly, dummy antenna systems may be
come quite compllcsted, Involving ser
ies and parallel combination of re
sistors, inductors, and capacitors In
order to duplicate the frequency char
aclerlstlcs of the antennas being used
wllh the receiving equlpmen~.' 'The
values obta Ined far Intermediate freq
uency direct transmission and for
Image rejection ratios in superheter
odyne receivers may be seriously af
fected by the accuracy af the dummy
anlenna since quite large ratios exisl
between the resonant frequency and the
rrequencyunder test. The Impedance
mis-match caused by off-resonance
operation of Ihe Input system or the re
celver, such as when taking standard
selectivitycUI'VeS, produces wide Im
pedance variations which affect Ihe
callbrallan of the output system of a
non-matchC'd generator. and hence the
validity of the selecllvlty curves ob
tained.

The output system should place at the
end of a probe the eqUivalent antenna
voltage and Internal impedance,

The standards of measurement
for RECEIVER SENSITIVITY es
tabllshedbythe mE reflect the pbysi
cal requirements thai the Signal In
IXIt from the antenna shall be delivered
through a dummy antenna represent
Ing the antenna Imre?Bnce.

The input impedance cha.racter
Istlcs of the receiver should be de
signed to work with, the impedance
characteristics of its associated an
tenna system. This mayor may nol
result in actual matching of the two
Impedances.

Signal generator calibrations are
validanlywhen the oulput is termina
ted In a specified value of impedance.

The equ Ivalent clrcuitfor Ihe out
put impedance of a matched signal
generator aOO the impedance of the
load reduces 10 a simple voltage di
vider haVing twice the indicated volla~

across the divider regardless of length
of cable or value of load impedance.
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CONCLUSION
The function of the signal gen

erator and dummy antenna Is to re
produce In the laboratory the condi
tions presented by the antenna system
with which the receiver Is to operate.

Transmission
WITH

Line Measurements
THE RX METER

FI'Jure S. E~ujval.nl ci,cuit of 0 SO_ohm,
6 db symelrico/ CltlenuClt,'''9 pad.

The RX Meter has found wide
application In the measurement of
characteristic Impedance, attenua
tion, and velocity of propagation of
transmission lines. The rapldlly with
which the measurements can be ac
complished on relatively short pieces
of cable and the accuracy reallzed in
using the simple, direct techniques
described below has made the instru
ment a valuable tool for the design
engineer concerned with coaxial ele
ments, as well as for the quallty
control engineer making spot checks
during the manufacture of cable.

In this article we will describe,
briefly the methods used In measur
Ing each of the above characteristics
with tbe RX Meter. In order to clarify
the approach used In each case we
have included. at the eocl of this arti
cle. abrlefrevlew of the basic trans
onlsslon line formulas involved.

CHARACTERISTIC iMPEDANCE
Several methocls are available

for the measurement of character
Istic impedance (Zo) wUh the RX
Meter. One of the most satisfactory
involves the familiar relationship,
Zo = ~L, where Zi Is the Input
Impedance of a quarter-wavelength
line with a given termination, and
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ZL Is the Impedance of the ter
mination itself. For our purpose,
this relation Is used in the form
Zo = .fRIR:2, where R1 is a resistance
measured directly on lhe RX Meter
terminals and R2 Is the input re
sistance of the quarter-wave Hne
lE'rminatedbyRI. The actual proce
dure used for this measurement Is
as follCMIs:

The RX Meter oscillator Is ad
Justed to the deslrC'd measuring freq
uency. A piece of the sample cable
[s 'cut to a length corresponding to ap
proximately one quarter-wavelength
with both ends dressed back about one
half inch to espaSe the center conductor
and shield. If the cable dielectric Is
JXllyethylene, this length may be taken
directly from Figure 1. The RX
Meter Is first balanced with nothing
attached to the terminals and with the
Cp aod Rp dIals set at 0 and .. re
spectively. The bridge is then re
balanced by means of the Rp and Cp
dials with the cable, shorted at the
far end.attached to the binding posts.
If the cable length Is correct, (I. e.
exactly 1/4:\,). the Cp dial reads zel'o.
If It reads capacitive, the frequency
should be lowered or the cable short
ened, while If the Cp reading is ne
gative (Indicating inductance) the
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frequency should be increased or a 
longer piece of cable used. Since the 
characteristic impedance does not 
change significantly at frequencies 
above approximately 20 mc., it is  
usually more convenient to make any 
needed adjustment by varying the 
frequency. The Rpdial must be used 
to null the instrument during the above 
procedure, but its value may be dis- 
regarded. 

For the termination, select a 
1/2 wat t  carbon resistor whose re- 
sistance is roughly equal to the esti- 
mated Characteristic impedance of the 
cable. If the latter cannot be esti- 

wil l  usually suffice . 
hort circuit from the 

end I of the quarter wavelength line, 
connect the resistor in its place keep- 
ing the leads as short as possible. 
Then balance the bridge and record 
Rp as R1. The resistor should then 
be removed from the end of the ca 
and measured directly across the 
Meter terminals to provide the va 
R2. 

In a typical measurement a made 
on a quarter wavelength section of 
qG, 58/U cable, a resistor which 
measured 47.0 ohms directly at the 
bridge terminals was used to termi- 
nate the line. The line with this 
termination measured 6 3 . 8  ohms. 
Then 

ZO = (63.8 x 47.0 = 54.7 ohms. 

Military Specifi 
based on the r 

then halved, and reactance of the 
section (either open or short-cir- 
cuited) determined from the Cp read- 
ing at balance. 

ATTENUATION 

A very convenient method of 
measuring attenuation, using short 
pieces of cable, is provided by the 
kquation 

Zo x 8 . 6 9  db, a L  = __lll 

zi 
where w is db per unit length and L 
is length. Here the value of Z i  is 
determined by measuring the paral- 
lel resistance (on the Rp dial) of a 
piece of cable 1/2 wavelength long. 
If the frequency is suchtha ta  half 
wavelength is less than approximate- 
ly 4feet, aone-or three-halves wave: 
length piece can be used,withno 
change in procedure, to minimize the 
effect of irregularities in the cable , 

etc. The attenuation in db obtained 
for the length of cable tested can be 
readily adjusted to db per 100 feet, 

When the desired frequency has 
been selected, cut the cable to one- 
half wavelength, and dress one end 
back one-half inch. After effecting 
the initial balahce of the bridge, con- 
nect the cable! with the far end open- 
circuited, to the RX Meter making 
sure that the center conductor is con- 
nected to the "HI" post. The bridge 
should now be balanced and the values 
of capacity (C,) and parallel resis- 
tance (Rp) read from the respective 
dials. If Cp = 0: the cable is the pro- 
per length and the value obtained for 
Rpsubstituted for Zi  in the above eq- 
uation, Ifthe Cp dial indicates a cap- 
acity, the cable is too long and a 
small amount must be cut off the f a r  
end, or the frequency must be laver- 
ed. If the Cp dh l  indicates a negative 

FREQUENCY (MC) 
Figure  1 .  Wave length vs  frequency for coqxial  cables having polyethylene dialectt ic.  
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frequency should be Increased or a
longer piece of cable used. Since the
characteristic impedance does not
chan~ significantly al frequencies
above approximately 20 mc., It is
usually more convenient to make any
needed adjustment by varying the
frequency. The Rpdial must be used
to null the Instrument duringthe above
procedure, but its value may be dis
regarded.

For the termination, select a
1/2 watt carbon resistor whose re
sistance Is roughly equal to the esti
mated characteristic Impedance of the
cable. If the latter cannot be esti
mated, 50 ohms will usually suffice.
Removing the short circuit from the
end of the quarter wavelength Hne,
connect the resistor In its place, keep
Ing the leads as short as possible.
Then balance the bridge and record
Rp as RI. The resistor should then
be removed from the end of the cable
and measured directly across the RX
Meter terminals to provide the value
",.

In a typical measurement, made
on a quarter wavelength sectlon of
R;G.58/U cable, a resistor which
measured 47.0 ohms directly at the
bridge terminals was used to termi
nate the line. The line with this
termination measured 63.8 ohms.
Theo

Zo = 163. 8 x 47.0 = 54.7 ohms.

Anequallysatisfactorymethod of
determlning Zo (that recommended in
MilitarySpeclficatlon JAN-C-17A) IS
based on the relationship

Zo = 101,600
, x C

wherev is the velocity of propagation
factor in percent and C is the cable
capacitance In I-l/lf per foot.

The latter value is determined by
attaohIng a very short length of the
cable to the RX Meter binding posts
and measuring Cp directly. The ve
locltyof propagation may be deter
mined as described In a later section.

A third method of measuring Zo
may be worth mentioning, although
less satisfactory with respect to ac
curacy.

This method is implied byequa
tion (3) at the end of this article,
which indicates that the characteris
tic Impedance of a line Is equal to the
absolute value of the reactance of Il
section 1/8 wavelength long.

To obtain the correcl length, a
1/4 wave section Is first established
In the manner described above, at a
frequency twice the desired measur
Ing frequency. This frequency Is

then halved, and reactance of the
section (either open or shorl-clr
cuited)determined from tbe Cp read
[ng at balance.

ATTENUATION

A very convenient method of
measuring attenuation, using short
pieces of cable, Is provided by the
equation

aL = Zo x 8.69 db,
Z,

where a is db per unit length and L
Is length. Here the value of Z\ is
determlned by measuring the paral
lel resistance (on the Rp dial) of a
piece of cahle 1/2 wavelength long.
IC the frequency is sucb that a half
wavelength is less than approximate
ly 4 feet, a one-or three-halves wave
length piece can be used, with no
change in procedure, to minimize the
effect of irregularities In the cable,

etc. The attenualton in db obtained
lor tbe length of cable tested can be
readily adjusted to db per 100 feet.

When the desired frequency has
been selected, cut Ihe cable to one
half wavelength, and dress one end
back one-half Inch. After effecting
the initial bslance of the bridge, con
nect the cable, wtth the far end open
circuited, to the RX Meter, making
sure that the center coOOuctor Is con
nected to the "HI" post. The bridge
sbouldnowbe balanced and the values
of capacity (CpJ and parallel resis
tance (Rp) rea(l from the respective
dials. IfCp = 0, the cable Is the pro
per length and the value obtained for
Rpsubstltuted for Zi in the above eq
uation. lithe Cp dial Indicates a cap
acity, the cable Is too long and a
small amount must be cut off the far
coo, or the frequency must be lower
ed. lftbe Cp dial Indicates a negative
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capacity (inductance) I a longer piece 
must be used or the frequency raised. 
As an example, a one-half wavelength 
section of RG-58/U cable at 7?mc (52" 
long) was found to have an Rp of 2760 
ohms. Applying this value to the for- 
mula above, together withthe known 
characteristic impedance of 54.7  
ohms, and adjusting for the length of 
the section, the attenuation was found 
to be 3.98 db/100 feet. 

VELOCITY 0 F PRO POGATION 

Since the velocity of propagation 
factor is equal to the physical length 
of a one-half wavelength section of 
cable divided by the length of a one- 
half wavelength section in air, it is 
merely necessary to measure the 
physical length of the cable involved 
in the preceding measurements and 
to compare it to the equivalent wave- 
length in air. 

TRANS M I S,SlON LINE 
EQUATIONS 

The general formula for a loss -  
less line of length 1, having a char- 
acteristic impedance of Zo, and ter- 
minated in an impedance ZL i s ,  

) (1) ZLCospl + jZoSinpl ( ZoCospl + jZflinpl 
z i =  zo 

where the phase constant p = 2?r/h, 
and h. = wavelength. Now, if the line 
is 1/4 wavelength long, 1 = A/4 and 

2T x. T 

x 4 2  
pl = - x - = -radians:org& 

Substituting in (1) above: 

L 

zo = J. (2) 

If the line is 1/8 wavelength long and 
is short circuited, then 1 = X/8, p l =  
~ / 4  radian or 450, and ZL = 0, Sub- 
stituting in (1): (3) 

In a similar manner it can be 
shown that the input impedance of a 
1/8 wavelength line that is open cir- 
cuited i s ,  

For the purpose of deriving a 
means of measuring the a$tenuation of 
a transmission line, the general ex- 
pression €or a line with loss is given 
below. 

The impedance: Z;, looking into a 
line with loss: having a characteris- 
tic impedance of ZO, and terminated 
in an impedance can be expres- 
sed as ,  

1 % + Zo tanhyl 

Zo + ZR tanhyl 
z i  = z 

where, yl = a1 f jpl, and p = 2n/h. 

In the case of a half wavelength 
line, 1 = x[2 a d  

p1= 2r/X x x j 2  = r and 
yl = a1 + jr. A l s o ,  
tanhyl = tanh (a1 + jr) = tanh a l ,  
and if a1 is small: then, tanhal= al: 
and tanhyl = al. 

Substituting in (5) above: 

Dividing numerator and denominator 
of the fraction on the right by %, we 
obtain 

Zoal 

v 
ZR 

If the half wavelength cable is open- 
circuited (i. e. ZR = - ) ,  (5) will  re-  
duce to 

ZO a1  = - nepers. Then Zil 

a1 = ZO x 8.69 db, where Z t  is 
z . 1  

1 

resistive and is measured directly 
onthe Rp dial of the 250-A RX Meter. 

CONCLUSION 

It wil l  be observed that all the 
measurements described in this arti- 
cle are simple and direct, without in- 
volved computation and corrections. 
In all cases, relatively short length 
pieces of cable are  used and measure- 
ments are  made directly at the RX 
Meter terminals without the use of 
coaxial connectors. It may be of in- 
terest to note that a balanced line can 
be treated in the same fashion as  co- 
axial lines when a "balun'' or similar 
device is used in connecting it to the 
RX Meter. 

Figure 2. T h e  author, measuring the characteristic impedance of a short length of  RG-58/U 
coble on the RX Meter. 

L 
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capacity (inductance), a longer piece
must be used or tile frequency raised.
Aa an example. a one-half wavelength
section of RG-58/U cable at 77 mc (52"
long) was found to have an Rp of 2760
ohms. Applying this value to the for
mula above, together with the known
characteristic Impedance of 54.7
ohms, and adjusting for the length of
the section, the attenuation was found
to be 3.98 db/l00 feet.

VELOCITY OF PROPOGATION

Since the velocity of propagatlon
factor Is equal to the physical length
of a one-half wavelength section of
cuble divided by tbe length of a 000

half wavelength section Ln air, It [s
merely necessary to measure the
physical length of the cable involved
In the preceding measurements aoo
to compare It to the equivalent wave
lengtb in air.

TRANSMISSION LINE

EQUATIONS

The general formula for a 108s
less line of length I, having a char
acteristic impedance of Zo' and ter
minated in an ImlX'dance ZL is,

(
ZLCOStll ~ JZoSlnPlJ

Zi"'Zo (1)
ZoCosfH + l~rfiin,B1

The impedance, Zil , -looking into a
line with loss, haVing a characteris
tic Impedance of Zo, and lerminatffi
tn an Impedance Zn. can be expres
sed as,

I (ZR 20 tunhyl \ (5)
ZI '" Zo Zo ZR tanhyl)

where, )'1'" 0'1 + l{Jl, and {3" 21f/;\,.

In the case of a half waveLength
line, 1= ;\'/2 ani.

{JI "" 21f/>" x >"/2 '" 1f and
)'1" (\'1 + llf. Also,
tanhyl " lanh (0'1 ~ j1f) ". tanh (\'1,

and if (\'1 is small, Ihen, tanhal" 0'1,
and tanh)'1 '" a!.

Substituting In (5) arove,

Zll", zJZn. + ZoO'IJ
\Zo + ZRal)

Dividing numerator and denomlnalor
of Ihe frucUon on the right by ztl, we
obtain

(6)

If the half wavelength cable Is open
circuited (Le. ZR"'oo), (5) wHlre
duel' 10

(I)
ZII '(Z.J:::C •,1

Zo
at '" Z\I nepers. Th"n

resistive and Is measured directly
on the Rp dial of the 250~A RX Meter.

CONCLUSION

1I wll1 be observed that all the
measurements described in this artl
cle are simple and direct, without in
volved comp.1tatlon and corrections.
In all cases, relatively short length
pieces of cable are used and measure
ments are made directly at the RX
Meter terminals without the use of
coaxial connectors. It may be of In
terestto note that a balanced Hne can
be treated in the same fashion as co
axial lines whena ''balun'' or similar
device is used in connecting It to the
RX Meter.

F'gur. 2. Tile "utll"., m,,,suring til. clKt,,,cl,.i.tlc Imp,d""c, of " .il""l I,,,gtll of RC-58!U
cobl. On rill RX Mete••

(4)

(2)

where the phase constant (J '" 2'1':/>",
and>.. '" wavelength. Now, iJ the line
Is 1/4 wavelength long, I'" >"/4 and

211" ;\, lr
131 '" ~ x - '" -radlans,or90~

, 4 2

For the purpose of deriving a
means of measuring the ntlenualion of
a IransmisSlon line, the general ex
pre5sioll for a line with loss Is given
belo.v .

SubsUtutlng in (1) above,

(+jZo) Zo'
ZI"'Zo -.- =-,"d

(+)ZL) Z
L

If the line Is 1/8 wavelength long and
is short circuited, then 1= ;\'/8, ,81 ..
lr/4 radian or 450, nnd ZL'" O. Sub
slituting In (1), (3)

(
+jZ Sin 450

}
ZI '" 2 0 0 ~JZo '" X .

ZoCoo 45°

In Ii similar manner it can be
shown that lhe Input Impedance of a
1/6 wavelength line that is open cir
cuited Is,
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Figure 7 .  Components of the Co-ax Adapter Ki t  T y p e  575-A. The k i t  is supplied in a con- 
venient wooden storage stand, not shown. 

A Coaxial Adapter For The RX Meter 
C. G. GORSS, Development Engineer 

Soon after the RX Meter Type 
250-A made its appearance in the 
field it became apparent that: in ad- 
dition to measurement of components 
on the standard binding posts, many 
of the applications in which this new 
instrument was being utilized in- 
volved the use of coaxial cables and 
fittings. The evident need for some 
convenient means of coupling such 
components, fitted with standard co- 
axial connectors, to the RX Meter 
measuring terminals resulted in the 
design of a special adapter unit. This 
unit which, together with the necessary 
accessories, is now available to RX 
Meter owners in kit form: is disigna- 
ted as the 'To-ax Adapter Type 515- 
A. I '  

DESIGN DETAILS 
The adapter itself consists of two 

separate elements; a cylindrical outer 
conductor about 1 1/2 inches in length. 
the base of which is grounded to the 
terminal plate when mounted on the 
RX Meter ,  and a tapered center con- 
ductor whichis fastened to the HI bind- 
ing post stud. To mount the unit, an 
adapter plate, supplied with the kit, 
is first fastened to the terminal plate 
of the RX Meter, This plate has a 
large-diameter tapped hole which cen- 
ters  around the HI post stud, After 
the HI post clamping nut has been re- 

moved and the center conductor has 
been screwed firmly over the stud, 
the outer conductor is turwd down into 
this hole until its base makes contact 
with the terminal plate, The open end 
of the adapter then forms a standard 
Type N female connector. 

When the adapter is installed, 
ordinary measurements requiring the 
use of the binding posts are easilymade 
merely byunscrewingthe outer and in- 
ner conductors of the adapter and re- 
placing the binding post nuts. The a- 
dapter plate in no way interferes with 
such measurements. 

Alongwiththe adapter and adapter 
plate, the kit includes awrench for re- 
moving the ground binding post base 
nut, a centering guide for accurate 
positioningof the outer conductor, four 
screws for fasteningthe adapter plate, 
and a special 50-ohm coaxial termina- 
tion. 

The unit is designed to have a con- 
stant characteristic impedance of 50 
ohms. All surfaces are rhodium- 
plated to insure good contact and to 
matchthe plating used on the RX Meter 
terminal plate, 

The termination, which is used in 
obtaining preliminary balance of the 
RX Meter bridge, is equipped with a 
Type N male connector for direct con- 
nections to the adapter. Like the a- 
dapter, it is actually a short section 

of transmission line, Its center con- 
ductor, however is actually a special 
high frequency resistor. The ter- 
mination produces a voltage standing 
wave ratio of less than 1 , l O  up to 800 
mc 

APPLICATION 
When the adapter is installed a 

coaxial element may be attached and 
measured at any selected frequency 
after two minor preliminary adjust- 
ments of the RX Meter bridge circuit 
controls have been made to establish 
the correct "zero balance" condition. 
The first adjustment, made with no- 
thing attached to the adapter and with 
the Rp dial set at - , consists of ob- 
taining a null indication by alternate 
adjustment of the ZERO BALANCE R 
controls and the Cp control. This 
establishes the correct ''resistance 
zero" of the circuit. 

The second zero balance adjust- 
ment is made with the 50-ohm term- 
ination mounted in place on the a- 
dapter. This time a null indication is 
obtained by means of the R and ZERO 
BALANCE C controls, witgthe Cp dial 
at 0. This establishes the correct "re- 
actance zero. ' I  Actually, it has the ef- 
fect of adjusting to the proper value 
the characteristic impedance of a short 
internal connecting section (several 
centimeters in length) between the RX 
Meter binding post and the physical 
point onthe bridge circuit at which the 
measurement is actually made. Since 
the characteristic impedance of this 
section is not, in itself, 50 ohms, 
that value must be established syn- 
thetically by proper adjustment of the 
ratio L/C. This is automatically ac- 
complished bythe setting of the ZERO 
BALANCE 0 control described above. 

Although the co-axadapter is use- 
ful in facilitating measurement of the 
characteristics of cables and other co- 
axial elements, probably its most 
important application is in providing 
for the measurement of impedances 
remote fromthe RX Meter terminals. 
Whenthe proper techniques are used, 
it is possible to measure an imped- 
ance at the end of a section ofcoax 
line withthe same accuracy with which 
it can be measured directly at the RX 
Meter terminals. Such measurements 
may, ifdesired, be madewithrandom- 
length sections of 50-ohm coax, in 
whichcase the results must be trans- 
formed by means of a Smith Chart'zor 
the familiar transmission line equa- 
tions in order to obtain the actual im- 
pedance of the unknown. In this case, 
the short internal connection, men- 
tioned above, between the binding post 
and bridge, becomes part of the trans- 
mission line and its effective length 
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of Iransmisslon line. lis center con
ductor, howev('r, is actually a special
high frequency resistor, The ter
mlnatlon produces a voltage standing
wave ratio of less than 1.10 up to 800
mo.

APPLICATION
When the adapter Is Installed a

coaxial element may be attached and
measured at any selected frequency
after two minor preliminary adjust
ments of the nx Meter bridge circuli
controls have been made to establish
the correct "zerO balance" condition.
The first adjustment. made with no
thing attached to the adapter and with
the np dial set at "'" , consists of ob
taining a null Indication by alternate
adjustment of the ZERO BALANCE R
controls and the Cp control. This
establ1shes the correct "resistance
zero" of the circuit .

The second zero balance adjust
ment is made with the 50-ohm term
inalion mounted In place on the a
dapter. This time a nulllndlcalion is
obtained by means of the Rp and ZERO
BALANCE C controls, wltfi the Cp dial
at O. This establ ishes the correct "re
actance zero." Actually, II has the ef
fect of adjusting to the prOpel' value
the characteristic impedance of a short
Internal connecting seclton (several
centimeters In length) between the RX
Meter binding post and the physical
point on tbe bridge circuit at which the
measurement is actually made. Since
the characteristic impedance of this
section is not, In itself, 50 ohms,
that value must be established syn
thetically by proper adjustment of the
ratio Lie. This is automatically ac
complished by the setting of the ZERO
BALANCE o control described above.

Although the co-ax adapter is u se~

ful in facHitatlng measurement of the
characterlsl1cs of cables and other co
axial elements, probably Its moot
important application is In providing
for the measurement of Impedances
t"emotefromthe RX Meter terminals.
When the proper techniques are used,
It is possible to measure an Imped
ance at the end of a section of coax
line with the same accuracy with which
it can bE' measured directly at the RX
ME'ter terminals. Such measurements
may, ifdeslred, be made with random
length sections of 50-ohm coax. In
which case the results must be trans
formed by means of a Smith Chart"or
the famlliar transmission Hne equa
tlonsin order to obtain the sctual im
pedanc(' ofthe unknown. In this case,
the short Interoal connection, men
tionedabove, between the binding post
and bridge, becomes part of the trans
mission line and Its effective lengih

5 OHM
TERMINATION

\

WRENCH MOUNTI NG
SCREWS

movt'd and the center conductor has
been screwed firmly over the stud,
the outer conductor Is tun,,,d down Into
tbis hole unlil (Is base makes contact
wilbtheterminul plate. Tbe open end
of the adapter then forms a standard
Type N female connector.

When the adapt£'r Is Installed.
ordinary meaSUl'ements requiring till'
use of the binding posts art' easily made
merelybyunscrewingthe ouler and in
ner conductors of the adapter and re
placing the binding posl nuts. The a
dapter platE' in no way interferes with
such measurements.

Alongwilh the adaptel' and adapter
platC', the kit includes a wrench for re
moving the ground binding post base
nut, a centering guide for accurate
posit ionlng of the OI.lter conductor, four
screws for fastenlngthe adapter plate,
and a specia150-ohm coaxial termlna
lion.

The untl is designE'd to have a con
stant characteristic impedance of 50
ohms. All surfacE'S are rhodlum
platE'd to Insure good contact and to
match the pial iog used on the RX MetE'r
terminal plate.

The-termination, which is used in
obtaining preliminary balance of the
RX Ml"Ier bridge, Is equipped with a
Type Nmail" connector for dirE'ct con
neclions to the adapter. Likp the a
dapter, it Is actually a short section

I I

CENTERING
GUIDE

CENTER
CONDUCTOR

OUTER
CONDUCTOR

ADAPTER
PLATE

..

DESIGN DETAILS
The adapter Itself consists of two

separateelementSl acylindrical outer
conductor about 1 1/2 inches In length,
the base of which Is grounded 10 Hw
terminal plate when mounted on the
RX Meter, and a tapered centcr con
ductor which is fastenE'd fo the HI bind
Ing post stud, To mount the unit, an
adapter plate, supplied with the kit,
Is first fastened to the terminal plate
of the RX Meter. This plate has a
large-diameler tapped hole which cen
terS around the HI post stUd. After
the in post clamping nut has been re-

Soon after the RX Meter TyJX'
250-A madl' Its appearanc(' in the
fie Id H became apparent thai, in ad
dition to measurement of components
on the standard binding posts, many
of the applications In whlcn thl;; new
instrument was being utilized in
volved tht> use of coaxial cables and
flttings. The evident need for somE'
convenient means of coupUng such
components, fitted with standard co
axial connectors, to the RX Meter
measuring tl'rminals resulted In the
deslgnofa special adapter unit, This
unit which, togethE'r with the necessary
accessories, Is now available to RX
Meter owners In kit form, isdisigna
ted as the "Co-ax Adapter TyJX' 515
A. "

FI9u'e 1. ComJ>Onents <)f the Co.ox Adopte, Kit Type SIS.A. The kit is supplied In a con·
venient ...ooden sl",oge $tond, not s~o...n.

A Coaxial Adapter For The RX Meter
C. G. GORSS, Developme"l f:'ngme'"
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r 
Figure L. f he Lo-ax Adaptet, rnwnted on 
an RX Meter. T h e  50 -ohm t e r m i n a t i o n  shown 
beside the t e r m i n a l  plate i s  u s e d  in ob -  
taining p r e l i m i n a r y  b a l a n c e  of theRX M e t e r  
b r i d g e  circuit. 

must be determined and added to the 
physical length of the line itself in 
computing the results. A somewhat 
simpler method, when the measuring 
frequency is high enough for the cable 
length involved to be practical, is the 
use of a resonant half-wave section 
whichwill transfer almost exactly the 
value of an impedance connected at one 
end to the RX Meter measuring ter- 
minal$ connected at the other. In this 
case, the impedance of the section it- 
self is not a factor, and the on1 
rection necessary is for actu 
in the line which, frequently, is neg- 
gigible. 

D.R. Crosbyand C. H. Pennypacker, 
'Radio Frequency Resistors as  Uni- 
form Transmission Lines, ' I  Proc. of 

2P. W. Smith, smission Line 
Calcylator, ' I  Elec 

, the IRE, Feb., 1946. 

s ,  Jan., 1939. 

erter Signal-TocNoise Ratio 
Frank G, Marble, Soles Manoger 

A simple method for extending 
the frequency range of a signal gen- 
erator is the use of a broadband freq- 
uency converter with a gain of one. 
Sucha convepter is the Univerter Type 
207-A. This instrument consists of a 
broadband mixer, a local oscillator 
and a broadband amplifier with an out- 
put impedance of fifty ohms. The out- 
Put frequency differs from that of the 
signal generator by the frequency of 
the local oscillator of the Univerter. 
The useful frequency range is limited 
by the upper and lower limits of the 
mixer and the broadband amplifier 
(a. 1 to 55 mc). 

Themixer Of the IJniverter has a 
small amount of inherent amplitude 

ng from random 
s input irnpedan 
d of the Univer 

requency range, lit- 
tle selective rejection of this noise 

The effect is not noticeable 

To allow our*customers to make 
use of the Signal Generator (Types 
202-B and 202-C) with the Univerter 

at these very low levels 
Type 509-A (53 ohms un- 

baianced to 53 ohms unbalanced with 
20db attenuation) >is now supplied with 

at no increase inprice. 'oc&urs. 

levels above approximately 
ovolts. Below this level, 

signal level decreases of agiven value 
will cause reductions of receiver out- 
put of a smaller value. The use of a 
20' db pad, such as  the 509-A, at the 
output of the Univerter will permit use 

signal generator can be 
20db to compensate for t 
ditional attenuation can be used for 
lower outputs. 
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Univerter Signal-To-Noise Ratio

Fi'i/ur. 2. T"" CO-Ol< Ark,,.,,. _ ..ted OIl

.... RX Me'er. T"" SO..."", '."mi.."'i.." s .......
"sick ,Ite ""1111"01 ,1..,. Is lIud I.. olt
t ..I"i..'i/ ''''''1'''1......, 001....0 01 tlteRX Ill.t.,
Iwi</v. cirelllt.

must be' determined and added to tbe
pbyslcal length ol the Hoe itseU in
computing the results. A somewhat
simpler method, when the measuring
frequency Is high enough for the cable
length Involved to be pracllcal, Is the
use of a resonant half-wave section
whlchwlll transfer almost exactly the
value of an Impedance connected at one
end to Ihe fiX Meter measuring ter
minals connected at the olher. In this
case, the Impedance of the section it
self Is not a factor, and the only cor
rection necessary Is for actual los8
In tbe line which, frequently, Is neg
glglble.

D.R. Crosby and C.H. Pennypacker,
"Radio Frequency Resistors as Uni
form Transmission Lines, ., Proc. of
the [RE, Feb., 1946.

• P. W. Smith, ''Transmission Line
Calculator, " Electronics, Jan., 1939.

A simple method for extelKllng
the frequency range of a signal gen
erator is the use of a broadband freq
uency converter with a gain of one.
Sucha converter Is the Univerler Type
207-A. This Instrument consists of a
broadband mixer, a local oscillator
and a broadband ampllflerwitb an OUI
put impedance of fifty ohms. The out
pul frequency differs from that of the
signal generator by lhe frequency of
the local oscillator of the Univerter.
Theuseful frequency range Is limited
by the upper and lower limits of the
mixer and the broadband amplifier
(0. 1 to 55 mc).

The mixer of the Univerter has a
small amount of Inhcrent amplitudc
modulation resultIng from random
noise generat.ed In its Input Impedance.
Since the pass band of the Unlverter
covers a broad frequency range. lll
tie selective rejection of this noise

occurs. The efrect Is not noticeable

A NOTE FROM THE EDITOR

This is • \'e,y brief ..Ole. In faCl, our
authors were so emhusiaslic lhat they
left the editor only enollsh space 10 nOle,
wilh considerable udsf_ction, thai ove,
22,000 people aslc.-d fOf r"'" NOIebook.

for signal levels above approximately
2.5 microvolts. Below this "evel,
signal level decreases of nglvcn value
will cause reductions of receiver out
put of a smaller value. The use of a
20 db pad, such as the 509-A, at the
oulputoftbe Unlverterwlll permit use
of the signal generator and Unlver.ter
down to approximately 0.25 micro
volts, since the noise Is attenuated
directly and the algnallevelsfrom the
signal generator can be inoreased by
20dblocompensatefor Ibis pad. Ad
ditional attenuation can be used for
lower outputs.

To allow our customers to make
use of the Signal Generator (Types
202-B and 202-C) with the Unlvel·ter
Type 207-A at these very low levels
the Adapter Type 509-A (53 ohms un
balanced to 53 ohms unbalanced with
20dh attenuation) Is DOW supplied with
each Unlverter at DO Increase in price.
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A Versatile Instrument - THE Q METER 
What Can Be Done With a Q Meter - Besides Measure Q ... 

Lawrence Cook became associated w i th  BRC 
i n  1935, shortly after the company's founding. 
He started as an Elect r ica l  Inspector at the 
t ime the original Q Meter was being produced. 
Since then his act iv i t ies  have followed close- 
l y  the development of subsequent Q Meter 
Models. Mr. Cook was graduated from B l i s s  
Elect r ica l  School i n  Washington D.C. and w s  
employed by Sparks-Withington Co. prior t o  
BRC. He is an associate member of I.R.E. 
and a member of the Radio C lub  of America. 

INTRODUCTION 
A Q Meter contains in one instrument 

a frequency-calibrated RF  oscillator, 
a system for R F  voltage injection and 
measurement, a vacuum tube volt- 
meter, a calibrated variable capacitor, 
and four terminals for the connection 
of components to be measured. All of 
these elements (but two terminals) are 

, - 

LAWRENCE 0. COOK, Quality Control Engineer 

employedinmeasuring the Q of a coil, 
the normal connections being shown in 
Figure 1. But these elements, in part 
or in combination, may be employed 
in the performance of various other 
functions. It is the purpose of this 
article to describe some of these ap- 
plications of the versatile Q Meter. 

CAPACITANCE MEASUREMENT 

For capacitance measurements con- 
venient use can be readily made of the 
calibrated variable capacitor just 
mentioned. Let us assume that a coil 
is connected to the COIL posts and re- 
sonated to the oscillator frequency 
(see Figure 2). Note the reading of the 
calibrated variable capacitor dial Cc, 
calling this C1. If anunknown capacitor 
C, is now connected to the Q Meter CAP 
terminals ( * )$  itwill be placed in par- 

N E W  J E R S E Y  

allel with the variable capacitor Next, 
if the Q Meter is re-resonated by ad- 
justment of the variable capacitor to a 
lower value, calling the reading C2, 
the quantity C1 - C2 represents the 
effective value of the unknown capac- 
itor C,, 

The above measurement is prefer- 
ably made at a low frequency, e,g. 1 
mc. , thus avoiding lead inductance ef- 
fects. However, by employing a higher 
frequency, e,g. 50 mc. or 100 mc., 
the rise in effective capacitance of the 
unknown as a result of lead inductance 
may be readily observed. Fractional- 
inch variations in lead length will  be 
found to have a pronounced effect on the 
measured quantity C 1  .- C2. 

The parallel type of measurement 
just described can be extended in ca- 
pacitance range as  follows: first  mea- 
sure a capacitor by the method de- 
scribed, calling the measured capaci- 
tance Cas  Then, to measure a 
(*)These terminals are designated CAP on Q 
Meters T y p e  190-A and 260-A and COND an 
160-A and 170-A. 

brated inject ion voltage derived from RF os- 
c i l la tor ,  C, --Calibrated variable capacitor, 
VTVM -- Vacuum - tube - voltmeter measuring 
voltage across Cc, Terminals for connection 
of components to  be measured are indicated as 
Hi. Lo, GND. and LW- c o i l  beina measured. 

YOU WILL FIND.  . .  
Bad Weather F l y ing  ............................... p age 5 
Check Your Q Reading ......................... age 7 
Editors Note ....................................... paye 8 The  Author, using a Q Meter 260-A, measurers the capacitani 

Para l le l  Method. 
ce of a f i xed  Capacitor by the 
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-:OX's
-Instrument

Dane WithBeWhat Can
A

TIM. Auf~"", udn'l .. Q M.t..- 260_A• ......su....s tIM. c"p"citonc...f .. fl...J e ..p"clt.....by tl.e
Pa,allel Met~oJ.

lowte"ce C<>ok we"",. <Iuodo/.J wHit BRC
in 1935, sh".tly o/t.r th" coml"'''Y'. founding.
H. slolleJ as on E lecf,ic,,1 Inspector '" ,h.
tl"", ,h. ,,';ginol 0 Me'"r was l>oing produced.
Since ,he" his <H::I;viliu Io"ve (ollowed don
Iy ,,,- Jev,,/opmenl 01 subs.'1....." Q Me'..,
Mo<Iels. Mr. Cook wos gradual.d "om Bliss
Electric,,1 School in lI'crs/';nglon D.C. and_s
employed by Spa,h.W;lh;ng'on Co. prio< t"

BRC. H. is an associat. memb", of I.R,E.
and" memlHor 01 ,h. Rod;o Club 01 Am.,ic".

INTRODUCTION

A Q Meter contains In one Instrument
a frequency-calibrated RF oscillator,
a system for RF voltage Injection and
measurement, a vacuum tube volt
meter. a calibrated variable capacitor,
and four terminals for the connection
of components to be measured. All of
these elements (but two termInals) are

LAWRENce o. COOK, Q~a/ily Can/rot E"gin~~.

employed in measuring the Q of a coil,
the normal connections being shown in
Figure 1. But these elements, in part
or In combination, may be employed
In the performance of various other
functions. It is the purpose of this
article to describe some of these ap
plications of the versatile Q Meter.

CAPACITANCE MEASUREMENT

For caoacitance measurements con
venient use can be readily made of the
calibrated variable capacitor just
mentioned. Let us assume that a coil
is connected to the COIL posts and re
sonated to the oscillator frequency
(see Figure 2). Note the reading of the
calibrated variable capacitor dial Cc ,
calling this Ct. Ifan unknown capacitor
Cx is now connected to the Q Meter CAP
terminals (el, Itwtll be placed in par-

allel with the variable capacitor. Next,
if the Q Meter is re-resonated by ad
justment of the variable capacitor to a
lower value, calling the reading C2 ,
the quantity C, - C2 represents the
effective value of the unknown capac·
Itor Cx'

The above measurement Is prefer
ably made at a low frequency, e.g. 1
me. , thus avoiding lead inductance ef
fects. However, by employing a higher
frequency, e.g. 50 me. or 100 mc.,
the rise in effective capacitance of the
unknown as a result of lead inductance
may be readily observed. Fractional
inch variations in le(\d lenlcth will be
found to have a pronounced effect on the
measured quantity Cl .. C2.

Tbe parallel type of measurement
just described can be extended in ca
pacitance range as follows: first mea
sure a capacitor by the method de
scribed, calling the measured capaci
tance Ca. Then, to measure a
(.)These te,minals at. JesignateJ CAP"" Q
Meteu Ty~ 190_A ..nJ 260-A anJ CONO On
JoSO_A and 170_A.

Fig... ,. Q Mete, Simp!m.J Oiag,am. e··C..Ii.
Mal.d ;njedian va/lag. Jetiv.J I...m RF as·
el/lalClt, Cc··Calib,at.d va,;able cap"citor.
VTVM •• V..euum _ rube _ vo/rmete, measu,;ng
voltage ae,ass Ceo Te.min.. /s lot eann.etian
01 c..mpanents to be _s"'.,/ 0 .... i"'/ic..t.J ..s
Hi"L .., CND• ..nJ Lit" coil being measured.

YOU Will fiND •..

Bod Weal"., Flying , A poge 5
Ch.ci: Y ..u' Q Read;"'}. p"ge 7

Edit... s Nal. ._ ........ P"9. 8
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T H E  BRC NOTEBOOK IS published 
'four times a year by the Boonton Radio 
Corporation. I t  is nzazled free of  charge 
to  scientists, engineers,,and other inter- 
ested persons in the communications 
diid electronics fields. The contents may 
be reprinted only with written permu- 
sion from the editor. Your comments 
and suggestions are welcome and 
should be addressed to: Edttor, T H E  
BRC NOTEBOOK, Boonton Rddio 
Corporation, Boonton, N .  I .  

second but larger capacitor Cx: use 
the previous method but connect Ca 
in parallel with the Q Meter C A P  
terminals (*) when determining C1;  
then disconnect Ca, connect Cx, and 
readjust the calibrated variable capa- 
citor to determine C2. 

Then Cx = C1 - C, + C a .  

Alternatively, a series type of mea- 
surement may be employed to extend 
the range upward by approximately 
1 O : l  ( see Figure 3 ). The unknown 
capacitor is connected in ser ies  with 

Figure 2 .  Capacitance Measurement, Parollel  
Method. Lw--  workcoil (such as Type 703-A 
or 590-A), C, -- unknown capacitor (or dielec- 
tric sample) to be measured. 

HI HI 

Figure 3. Capacitance Measurement, Series 
Method. 

the measuring circuit between the 
low potential side of the coil and the 
Q Meter LO terminal; the circuit is 
resonated, preferably at a high read- 
ing on the calibrated variable capa- 
citor: this reading being called C,. 
The unknown capacitor is then re-  
moved from the circuit, or prefer- 

ably left in position but short-cir- 
cuited to minimize changes in cir-  
cuit inductance, the variable capa - 
citor is readjusted for resonance, 
the reading being called C1. The 
effective value of the unknown capa- 
citor is then 

c1 c, 
c x  = - 

c2- c1 
M E A S U R E M E N T  OF DIELECTRICS 
Dielectric samples (insulating ma- 

terial samples) for electrical measur- 
ment purposes are  usually in sheet 
form and of 1/16 inch to  1/4 inch in 
thickness, If, to the sample surfaces, 
are attached metal foil electrodes. a 
capacitor is formed whose electrical 
properties depend largely upon the 
sample material, 

The metal foilelectrodes are usually 
of lead or aluminum, of 0,00075 inch 
to 0,0015 inch thickness, and are  at- 
tached to the sample surfaces by means 
of a thin film of vaseline (petroleum) 
jelly), The foil area is usually ad- 
justed to provide a sample capacitance 
of 20 t o  8Oppf depending upon the Q or 
power factor of the material to be mea- 
sured and the type of Q Meter to be 
used, Sample discs of 2 inch diameter 
with foils extending to the sample edges 
are frequently used. 

A parallel measurement is  used on 
the Q Meter(see Figure 2). An induc- 
tor is connected to the Q Meter COIL 
terminals and resonated at the mea- 
surement frequency, The Q and tuning 
capacitance, Q and C1,  a re  read, 
The sample foils are  then connected 
tothe Q Meter CAP terminals (ai): the 
tuning capacitor Cc is readjusted for 
resonance, the Q and tuning capaci- 
tance, Q2 and C2,are read. 

Neglecting edge and stray effects 
the following formulas apply. 

The Q of the sample is 
(C1  - C2) Q1 Q2 

Qx 
c1 !&I - Q ~ )  

BOONTON RADIO CORPORATION 

The power factor of the sample (for 
values less than 10%) is 

100 100 C 1  (Q1- Q2) 

Qx (CI - CZ) Q1Q2 
P.F. (%) =-= 

The dielectric constant of the sample 
is 

c1 .- c2 4.45 (C1 - C2) t - - 
Ca A c =  

where Ca = Calculated capacitance 
( micro-micro-farads ) 
of equivalent capacitor 

with dielectric replaced 
by air, 

ness in inches. 
t = Dielectric material thick- 

.--. 
A = Dielectric active area 

between electrodes in 
square inches, 

C 1  and C2 are  in micro-mi- 
cro-farads. 

At frequencies above 1 0  mc the mea- 
surement method just described is 
sometimes unsatisfactwy because of 
th? effects of lead inductance, foilqe- 
sistance, etc, For such conditions a 
somewhat different measuring tech- 
nique isused with a specially designed 
sample holder which provides a con- 
stant circuit inductance for the flsample 
in" and "sample out" readings. This 
holder also permits: for certain mea- 
surements, elimination of the foil e- 
lectrodes and their associated resist-  
ance, The General Radio Company 
Dielectric Sample Holder Type 1690-A 
is suitable for this work. Fabrication 
drawings of a mounting plate for at- 
taching this Dielectric Sample Holder 
to Q Meters Types 160-A, 170-A, 
190-A and 260-A are  available from 
Boonton Radio Corporation. 

Oils and other fluids require a cell 
or container with suitable electrodes 
betweenwhichthe fluid to be measured 
may be placed. 

I N D U C T A N C E  
The calibrated oscillator frequency 

and calibrated variable capacitance 
scales of the Q Meter provide a con- 
venient means of determining coil in- 
ductance. For this purpose the un- 
known coil i s  connected to the Q Meter 
COIL terminals and resonated as for 
reading Q (see Figure 1). The frequen- 
cy, f ,  and tuning capacitance, C1,  are  
read and inserted in the following for- 
mula for inductance. 

1 
Ls = - 

a2 c1 

where L is in henries 
w is 2n times the frequency in cycles 
C is in farads 
01' t 

2.53 104 

f 2  c1 
Ls = 

where L is in microhenries 
f is in megacyles 
C is in micro-micro-farads 

In either instance the inductance value 
obtained is the effective inductance of 
the coil including the effect of distri- 
buted capacit,. wce.  

-2 -  
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1

with dielectric replaced
by air.

t'" Dielectric material thick·
ness In inches.

where L is in mlcrohenries
f is in megacyles
C Is ia mIcro-micra-farads

In either instance the inductance value
obtained is the effective Inductance of
the coil including the effect of distri
buted capacit:mce.

A = Dielectric active area
between electrodes In
square inches,

Cl and C2 are in micro-ml
cro-farads.

At frequencies above 10mc the mea
surement method just described Is
sometimes unsallsfactvry becnus(' of
th'! effects of lead inductance, fall re
sistsnce, etc. For such conditions a
somewhat different measuring tech
nique is uscd with a spccinUy designed
sample holder which provides a con
stant circuit Inductance for the "sample
In" and "sample out" readings. This
holder also p€'rmits, for certain mea
surements, elimination of the fall e
lectrodes lind their assoclntcd resist
ancC', The General Radio Company
Dielectric Sample Holder Type 1690-A
Is suitable' for this work, Fabrication
drawings of a mounting plate for at
taching this Dielectric Sample Holder
10 Q Meters Types 160-A, 170-A,
190-A and 260-A arc available {rom
Boonton Radio Corporatlon.

Oils and other flUids require a cell
or container with suitable electrodes
between which tbe fluid to be measured
may be placed.

2.53Xl04
oc.

INDUCTANCE
The calibrated oscillator frequency

and calibrated variable capacitance
scales of the Q Meter provide a con
venient means of dctermining call In
ductance. For this purpose the un
known coil is connccted to the Q Meter
COIL krminals and resonated as for
reading Q (see Figure 1). The frequen
cy, r, and tuning capacitance, C1, arE'
read and Inserted in the foUowing for
mula for Inductance.

where L is In henries
w is 2:r times the frequency in cycles
C is in farads

abLy left in position but short-cir
cuited to minimize changes in ctr
cuit inductance, the variable capa
cllor is readjusted for resonance,
the reading being called C1, The
effective value of the unknown capa
citor is then

Cl C2
Cx = ---

C:- Cl

MEASUREMENT OF DIELECTRICS
Dielectric samples (insulating ma

terial samples\ for cle'ctrical measur
ment purposes are usually in shcet
form and of 1/16 inch to 1/4 inch in
thickness, If, to the sample surfaces,
arC' attached metal foil electrodes. a
capacitor is formed whose elC'ctrlcal
properties depend largely upon the
sample material.

The metal fall electrodes are usually
of lead or aluminum, of 0.00075 inch
100.001.5 Inch thickness, and are at
tached to the sample surfaces by means
of a tbln fUm of vaseline (pelroleum)
jelly). The foil arca is usually ad
justt'd to provide a sample capacitance
of 20 to ao,.,,.,f depending upon the Q or
power factor of the material to be mea
surC'd and the type of Q Meter to be
used, SampledLscs of 2 inch diameter
with foils extendingto the sample edges
are frequently used.

A paraliet measu,·ement Is used on
the Q Meter(see Figure 2). An Induc
tor is connected to the Q Meter COIL
terminals and resonated at the mea
surement frequency, The Q and tuning
capacitance, Qj and Cl' are read.
The sample fot s are then connected
tothe Q Metel· CAP terminals (e), the
tuning cupacltor Cc Is readjusted for
resonance, the Q and tuning capaci
tance, Q2 and C2 ,are read.

Neglecting edge and stray effects
the following formulas apply.

The Q of the sample Is

(C 1 - C 2) Ql Q2
Qx =

where Ca = Calculated capacitance
( micro-micra-farads)
of equivalent capacitor

The power factor of the sample (for
values less than 10%) Is

100 100 C1 (QI-Q2'
P.F. (%).-.

Qx (Cl - C2) QIQ2

The dielectric constant oUbe sample
I,

Fig,,,e 2. Copod'once Measu.e",enl, Po.ollel
Melhod. L.w •• wo.~coil (such as Type l03·A
0. S90·A), C~·· unknown copoc/to. (." die/e,,·
tt'" somple) '0 be ",eoIJut.d.

, Tfllji BRC NOTEBOOK if pubtiJhed
fou, tm/ts a yea, by the BOOI/IOIl Mio
Corporatioll. It ir mailed free 01 rharge
to Hie,,'ists, eIIgilleerr,,Iwd Olher inltr·
illlt'd perrons 111 the rommullicatiollr
a"d electronirJ fieldJ. The con/ents may
be ,eprimed only with writ/en permi}.
sion Irom Ihe editor. YQNr cOTllmemr
and mggestions are welrome and
Jho1i/d be aJdrl!Jud to: Edilor, TrW
BRC NOTEBOOK, Booll/on Radio
Corpo,alioll, BOOlllolI, N. f.

Figure 3. CoptJc/tance Meosu,e.".,nt, Se,ies
Method,

the measuring circuit between the
low potential side of the coU and the
Q Meter LO terminal; the circuit is
resonated, preferably ata htgb read
Ing on the caHbrated variable capa
citor, this reading being called C2,
The unknown capacitor Is then re
moved {rom the circuit, or prefer-

second but lurger cupacitor ex, use
the previous method but connect ea
in parallel with the Q Meter CAP
termlnals (e) when determining Cl;
then disconnect Ca, connect Cx, and
readjust thc calibrated variable capa
citor to detcrmine C l .

Al ternatlvely, a series type of mea
surement may be employed to extcnd
thc range upward by approximately
10: 1 ( sec Figurc 3 ). The unknown
cnpacltor is connected In series with
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T H E  N O T E B O O K  

All Q Meters Type 260-A and 160- 
A of late manufacture, include a cal- 
ibrated inductance scale on the cal- 
ibrated variable capacitor dial. ( An 
LC Dial Kit Type 560-A is available 
for adding this feature to early Q Me- 
ters  Type 160-A). A chartprovidedon 
the Q Meter front panel permitsuse of 
any one of six inductance ranges by se- 
lection of the proper oscillator frequen- 
cy. The inductance scale then reads di- 
rectly in terms of effective inductance. 

If the distributed capacitance of the 
inductor is known, the true inductance 
can be readily determined. With the 
variable capacitor dial adjusted to the 
effective inductance value, note the 
corresponding reading on the capaci- 
tance scale in micro-micro-farads 
immediately above. Add the distri- 
buted capacitance to this reading; ad- 
just the dial to indicate the sum just 
obtained. Although the measuring cir-  
cuit is now detuned from resonance, 
the true inductance of the coil may be 
read on the inductance scale immedi- 
ately below. 

DISTRIBUTED CAPACITANCE 
All coils have distributed capaci- 

tance and a measurement of this quan- 
tity is often required. The measure- 
ment may be made on the Q Meter by 
the following method: 

Connect the coil to be measured to 
the QMeter COIL terminals(Figure 1). 
Resonate the Q Meter, calling the os- 
cillator frequency dial reading f l  and 
the calibrated variable capacitor dial 
reading C1 (C1 should be preferably 
in the lower part of the scale). 

Readjust the oscillator to a consid- 
erably lower frequency f2 ,  equal to 
fi/n. Restore resonance by readjust- 
ing the variable capacitor, calling the 
new reading C2. The distributed ca- 
pacitance is then 

i/ 

C, - n2 c1 
n2 - 1 

c d  = 

If fa is made exactly equal to f1/2, 
then 

c 2  - 4  c1 
c d  

3 
An average of several measurements 

employing different values of C1 and 
C2 w i l l  improve the accuracy of the 
results 

SELF-RESONA NCE 
The self-resonant frequency of an 

inductor , i. e. the resonant frequency 
withnothing connected externally to the 
inductor terminals, can be readily de- 
termined with the Q Meter. Looking 

b into the terminals of the inductor, re- 

actance conditions vs frequency wil l  be 
seen as in Table 1, columns 2 and 3. 
The Q Meter distinguishes readily be- 
tween conditions a ,  b, c ,  thus provid- 
ing an accurate determination of the 
self-resonant frequency, as  will  be ex- 
plained in detail with the aid of column 
4. 

In making the measurement the first 
step is the determination of leads re-  
quired to connect the unknown inductor 
to the Q Meter CAP terminals (1). 
These leads are  then permanently con- 
nected to the CAP terminals and the 
inductor is disconnected. This pro- 
cedure minimizes the effects of lead 
capacitance on the self-resonant fre- 
quency, 

Next, the Q Meter is resonated with 
a work or accessory coil (preferably 
shielded, such as the Types 103-A or 
590-A) connected to the Q Meter COIL 
terminals (see Figure 4). The fre- 
quency chosen should be in the region 

t 
I 
Figure 4 .  lnductor or Choke Measurement, 

Para l le l  Method. 

of the estimated self-resonant frequen- 
cy of the inductor to be tested. Now 
connect the unknown inductor LX to the 
CAP terminal leads previously estab- 
lished, Re-resonate the Q meter by 
means of the capacitance dial Cc, not- 
ing the direction of movement of this 
dial as referred to the original setting. 

Unless the unknown inductor is found 
to be non-reactive at the measurement 

cedure is now to be repeated at a some- 
what  higher or lower frequency as de- 
termined by reference to Table l ,  col- 
umns 2 and 4. Successive frequency 
adjustments will  eventually achieve 
the desired condition where the capac- 
itance dial reading .for resonance is 
unchanged as a result of connecting 
the unknown inductor to the Q Meter 
CAP terminal feads, The unknown 
inductor is then non-reactive and self- 
resonant at the frequency indicated by 
the oscillator dial. 

CHOKE COILS 
A choke coil, to provide proper iso- 

lation characteristics, must exhibit 
a high impedance throughout its op- 
erating frequency range. Failure to 
meet this requirement may result in 
low operating efficiency, frequency 
e r ro r  in calibrated circuits, etc. 

The Q Meter provides an ideal means 
for the measurement of choke coil char- 
acteristics. A work coil, preferably 
shielded, is connected to the Q Meter 
COIL terminals (Figure 4). Leads of 
short length may be used, if  required, 
to connect the unknown choke coil to 
the Q Meter; these leads are  now to 
be attached to the Q Meter CAP ter- 
minals (1) but the choke coil is to be 
disconnected. The work coil is reso- 
nated at the frequency of measurement, 
called f the Q reading being called Q1, 
and the calibrated variable capacitor 
reading being called C i a  Temporarily 
remove the Q Meter CAP terminal 
leads, if used, and note the increase 
required in the calibrated variable 
capacitor reading for resonance; call 
the increase C L ~  re-connect the leads. 
Next the unknown choke coil Lx is con- 
nected to the Q Meter CAP terminals 
leads and the calibrated variable ca- 
pacitor is readjusted for resonance. 
Call the Q reading Q2 and the capacitor 
reading C2. 

The above procedure should be re- 
equency first  chosen, the test pro- peated at other frequencies within thl 

(1) 

Con- 
dition 

TABLE 1 

INDU C TOR SE L F-RESONA NC E DATA 

(2) (3) (4) 
Q Meter 

Inductor Capacitance 
Reactance Dial Test 

Reading If Frequency Is Will Be 

a Below self-resonance Inductive Increases 

b At self-resonance Non-reactive No change 

C Above self-resonance Capacitive Decreases 
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All Q Meters Type 260-A and 160
A of late manufacture. include a cal
ibrated inductance scale on the cal
tbrawd variable cnpacitor dial. (.An
LC Dial Klt Type 560-A is available
for addIn!!: Ihls feature to early Q Me
ters Type 160-A). A chart provided on
the Q Metcr front panel permits use of
anyone of six inductance ranges by se
lection of Ihe proper oscUiator frequen
cy. The loouclancc scale then reads di
rectly In terms of effective inductance.

If thc distributed capacitance of the
inductor is known. the true inductance
can be readily delermined. With the
variable capacitor dial adjusted to the
effective inductance value, note the
correspondIng reading on the capacl
tunce scale in mlcro-micro-farads
immedtately above. Add the distri
buted capacitance to this reading; ad
just the dial to indicate the sum just
obtaIned. Although the measuring cir
cuit is now detuned from resonance,
the true inductance of the coil may be
read on the inductance scale immedI
ately below.

DISTRIBUTED CAPACITANCE

All colis have distribu!t>d cnpnci
tance and a measurement of this quan
tity is often required. Tne mellsurt>
ment may be made on the Q Meter by
the following method:

Connect the coil to be- measured to
the QMeter COIL terminalS(Figure 1).
Resonate the Q Meter, calling the os
cillator frequency dial readiog fl and
the calibrated variable capacitor dial
reading Cl (Cl should be preferably
in the lower part of the scalc).

Readjust the oscillator to a consid
erably lower frequency f2• equal to
fl/n. Restort> resonance by readjust
iog the variable capacItor. calling the
new reading C2' The distributed ca
pacitancc is then

Cz-nlCl

n2 - 1

actance conditions vs frequency will be
seen as in Table 1, columns 2 and 3.
The Q Meter disttnguishes readily be
tween condittons a, h, c. thus provid
Ing an accurate determination of the
self-resonant frequency, as will be ex
plained tn detail with the aid of column
4.

In making the measurement the first
step is the determination of leads re
quired to connect the unknown inductor
to the Q Meter CAP terminals (1).
These leads are then permanently con
nected to the CAP terminals and the
inductor is disconnected. Thts pro
cedure tllinimizes the effects of lead
capacitance on the self-resonant fre
quency.

Next. the Q Meter is resonated with
a work or accessory coil (preferably
shielded, such as the Types 103-A or
590-A) connected to the Q Meter COIL
terminals (see Figure 4). The fre
quency chosen should be in the region

Figure 4. Induet<>' Or C~oke Me"suremenl.

P"'olle' Mel~od.

of the estimated self-resonant frequen
cy of the Inductor to be tested. Now
connect the unknown Inductor Lx tothe
CAP t('rmlnal leads previously estab
lished. Re-resonate the Q meter by
means of the capacltanc(' dial Cc , not
ing the direction of movement of this
dial as referred tothe original setting.

Unless the unknown Inductor is found
to be non-reactive at the measurement
frequency first chosen, the test pro-

cedure is now to be repeated ata some
what higher or lower frequency as de
termined by reft>rence to Table 1, col
umns 2 and 4. Successive frequency
adjustmcnts will eventually achieve
the desired colHiiUon wherc the capac
itance dial reading for resonance Is
unchanged as a resUlt of connecting
the unknown inductor to the Q Meter
CAP terminal leads. The unknown
inductor Is then non-reactive and self
resonanl at the frequency Indicnted by
the oscillator dial.

CHOKE COILS
A choke coil, to provide proper iso

lation characterlstips, must exhibit
a high Impedance throughout its op
erating frequency range. Failure to
mcet this rt>quiremenl may result in
low operating efftciency. frequency
error In calibrated circuits. etc.

The Q Meter provides an ideal means
for the measurement of choke coil char
acteristics. A work coil. preferably
shielded, is connected to the Q Meter
COIL tcrminals (Figure 4). Leads of
short length may be used, if required,
10 conncct the unknown choke coil to
the Q Meter; these leads arc now to
be attached to lhe Q Meter CAP ter
minals (1) but the choke coil is to be
disconnected. The work coil ts reso
Ilated at the frequency of measurement,
called f, the Q reading being called Ql.
and the calibraled variable capacitor
reading being called Cl. Temporarily
remove the Q Meter CAP terminal
ieads. if used, and nolt> the increase
required in the calibrated variable
capacitor reading for resonance; call
the Increase CLI re-connectthe leads.
Next the unknown choke coil Lx is con
nected to the Q Meter CAP terminals
leads and the calibrated variable ca
pacitor Is readjusted for resonance.
Call the Q reading Q2 and tbe capacitor
reading C2.

The above procedure should be re
peated at other frequencIes within the

If f2 is made exactly equal to fl!2,
then

,
An average of several measurements

employing different values of Cl and
C2 wHi improve the accuracy of the
results.

SELF·RESONANCE

The self-resonant frequency of an
inductor, t. e. the resonant frequency
with nothIng connected externally to the
inductor termtnals. can be readily de
termined with the Q Meter. Looking

"--'" into the terminals of the inductor, re-

TABLE 1

INDUCTOR SELF-RESONANCE DATA

(1 ) (2) (3) (4)

Q Meter
Inductor Capacitance

Con- Reactance Dial Test
ditton U Frequency Is Will Be Reading

, Below self-resonance Inductive Increases

b At self-resonancc Non-reactive No change

, Above self-resonance Capacttive Decreases
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operating range of the choke coil (CL 
may be assumed to be constaqt and 
need not be re-checked when the fre- 
quency is changed); 

The effective parallel resistance! 
Rp, and effective parallel reactance, 
Xpr of the choke a re  

QI Q z  
Rp = 

w(C1 + CL) (Q1 - Qz) 
and 

1 

w ( C z - C l )  
x p =  

where Rp, Xp are  in ohms 
w = 2 nf (cycles) 
C is in farads. 

1 . 5 9 ~ 1 0 ~  x Q1 Qz 
O r ,  Rp = 

f (Ci+CL] ki- Q2) 

1,59 105 

f(C2 - C1) 
and Xp = 

where Rp, X p  are in ohms 
f is in megacycles 
C is in micro-micro-farads . 

NOTE: The sign of the quantity 
(Ca-Cl) indicates the type of effec- 
tive reactance, A positive quantity 
indicates inductive reactance. A 
negative quantity indicates capaci- 
tive reactance, 

MUTUAL INDUCTANCE 
A N D  

CRITICAL COUPLING 

(a) The mutual inductance and coef- 
ficient of coupling of RF coils may 
be measured on the Q Meter at high 
frequencies by the familiar method 
often employed at low frequencies 
with audio frequency bridges. 

This method is used for large 
coupling coefficients, i. e. 0.5 or 
greater. Fmr measurements are  
made (on the Q Meter COIL termi- 
nals) at or near the operating fre- 
quency and preferably at one fre- 
quency. 

Measure L1 and L2 separately. 
Then measure La ( mutual aiding ) 
with L1 and L2 connected series 
aiding, and Lb (mutual bucking) with 
L1 and La conhected series bucking 
(Figure 5). 

The mutual inductance then is 
La - Lb 

4 

La - Lb 

M---. 

The coefficient of coupling is 
M 

= - .  u =  

4% - v z  

BOONTON RADIO CORPORATION 

L (MUTUAL) MUTUAL 
a AIDING Lb(BUCKIYt) 

Figure 5 .  Mutual lnductance ConneLJtutis, 
LI L2-- first and second coupled coi ls ,  re- 
spectively. 

If the measurements are made 
at one frequency 

4 
where C = Q Meter tuningcapacitance 

necessary for resonance 
with mutual aiding con- 
nection, mutual bucking 
connection, and single in- 
ductors respectively. 

(b) With RF coils most commonly 
used the critical coefficient of cou- 
pling (i. e, I the condition where the 
resistance that the secondary cir- 
cuit at resonance couples into the 
primary circuit is equal to the re- 
sistance of the primary circuit) oc- 
curs at a low value of coupling co- 
efficient. Design-wise, the criti- 
cal coupling condition is important 
because it yields the maximum value 
of secondary current and it may be 
readily determined as follows. 

Connect one of the two coils to 
the Q Meter COIL terminals with 
the second coil open-circuited (see 
Figure 6) and adjust the Q Meter for 
resonance, Read Q1. Now complete 
the secondary circuit and, by means 
of its trimmer: resonate it to the 
same frequency as indicated by a 
minimum Q reading, Q2. 

If Q2/ Q1 equals 0.5 the coils 
are  critically coupled ; if greater 
than 0,5 the coupling is less than 

CT 63 
COUPLED 

COILS LO 7 GN D 
Figure 6.  Crit ical  Coupling. Ct-Secondary 

coil  Trimmer. 

coupling is greater than critical. 
These results wil l  be with re-  

spect to the coils only. If it is de- 
sired to include the effects of tube 
and circuit loading, resistors dup- 
licating these loading effects should 
be added to the coils before making 
the measurements. 

G A I N  OF COUPLED COILS 
The Q Meter is essentially a gain 

measuringdevice, L e . ,  Q is measured 
by determining the ratio of two volt- 
ages. This instrument is thus readily 
adaptable to the gain measurement of 
coupled coils within its range. 

For example, a transformer used to 
couple a low-impedance loop antenna 
to a receiver input may be measured. 
Referring to Figure 7, the transformer 
primary circuit including the loop (a 
coil may be used to simulate the loop) 
is connected to the Q Meter GND and 
LO terminals. The transformer sec- 
ondary is connected to the Q Meter 
GND and HI terminals. The Q Meter 
injectionvoltage thus excites the trans- 
former primary circuit and the trans- 
former secondary voltage is fed to the 
Q voltmeter. Adjustment of the cali- 
brated variable capacitor Cc for re-  
sonance wil l  now yield a "Q reading'' 
which is numerically equivalent to. the 
transformer circuit gain. The Q scale 
reads gain directly when the "Multiply 
Q By" meter is set to x l ,  

By completion of the proper connec- 
tions the above method can obviously 
be extended to include stage gain mea- 
surements. 

t 

S U MM A R Y 
We have described some of the "ex- 

tra-curricu1ar"uses to which a Q Meter 
may be put. No attempt was made to 
write an exhaustive article and we are 
sure that our many customers have 
devised other ways of utilizing this 
versatile instrument. 

that, 
when an RF  measurement problem is 
at hand, the Q Meter may do the job. 

May we draw this conclusion: 
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Figure 7. Tronsformer Go;n Measurement.

SUMMARY
We have described some of the "ex

tra-curricular" uses to which a Q Meter
may be put. No attcmpt was made to
write an exhaustive article and we arc
sure that our many customers have
devised other wnys of utilizing this
versatile instrumcnt.

May we draw this conclusion: that,
when an RF measurement problem Is
at hand, the Q Meter may do the job,

coupling is greater than critical.
These results will be with re

spect to the coils only. If it Is de
sired to Include the effects of tube
and circuit loading, resIstors dup
llcating these loading effects should
be addC'd to the coils before making
the measurements.

GAiN OF COUPLED COILS

The Q Meter Is essentLally a gain
measurlngdevice, Le .• Q Is measured
by determining the ratio of two volt
ages. ThLs instrument is thus readily
adaptable to Ihe gain measurement of
coupled coils within its range,

For example, a transformer used to
couple a low-Impedance loop antenna
to a receiver Input may be measured.
Referring to Figure 7, the transformer
primary cirCUit Lncluding the loop (a
coil may be used to simulate the loop)
is connected. to th(' Q Meter GND and
LO terminals. The transformer sec
ondary is connected to the Q Meter
GND and HI terminals. The Q Meter
Injection voltage thus excites the trans
Cormer primary circuit and the trans
fOI·mer secondary voltage Is fed to the
Q voltmeter. Adjustment of th(' cali
brated variable capacitor Cc for re
sonance will now yIeld a "Q reading"
which is numerically equIvalent to. the
transformer clrcui! gain. The Q scale
reads gain directly when the "Multiply
Q By" meter Is set to xl.

By completion of thE' proper connec
tions the above method can obviously
be extended to include stage gain mea
surements,

Figure 5, Mutual Incluctonce Connections,
LI L2·· lirS! oncl uconcl couplee/ coils, rot·
spec,;.".lr·

If the measurements are made
at one frequency

(...L_--'-) ~
,"=Ca Cb ....., CIC I

K : "---=----'
4

where C '" Q Meter tuning capacitance
neCE'SS(ll'y for resonance
with mutual aiding con
nection, mutual bucking
connection, and single in
ductors respectively.

(b) With RF coils most commonly
used the critical coefficient of cou
pling (I. e., the condition where the
resistance that the secondary cIr
cuit at resonance couples into the
prtmary circuit Is equal to the re
sistance of the primary circuit) oc
curs at a low value of coupling co
efficient. Design-wise, the criti
cal coupHng condition Is important
because It yields the maximum value
of secondary current and It may be
readUy determined as follows.

Connect one of the two coils to
the Q Meter COiL terminals with
the second coil open-circuited (see
Figure 6) and adjust the Q Meter for
resonance. Read Ql' Nowcomplete
the secondary circuit and, by means
of its trimmer, resonate It to the
same frequency as indicated by a
minimum Q readIng, Q2.

If QJ Ql equals 0.5 the coils
are critically coupled: If greater
than 0.5 the coupling is less than
critical, and If less than 0.5 the

Figure 6. Criticol Coupling. Ct·.S.cone/o'r
coil T,immer,

coupling is
M

4
The coefficIent of

La - Lb
K = =

4~ ~

operating range of the choke coil (CL
may be assumed to be consta'}t and
oeed not be re-checked when the fre
quency Is changed).

The effective parallel resistance,
Rp , and effectlve parallel reactance,'
Xp , of the choke are

Ql Q z

Rp = --------------W(CI + CLI (Ql - Q~

MUTUAL INDUCTANCE
AND

CRITICAL COUPLING

(a) The mutual Inductance and coef
ficient of coupling of RF coUs may
be measured on the Q Meter at high
frE'quencies by thE' famUlar method
often employed at low frC'quencles
with audIo frequency bridges.

This method Is used for large
coupling coefflclents, I. e. 0.5 or
greater. Four measuremC'nts are
made (on the Q MetC'r COIL termI
nals) at or near the operating fre
quency and preferably at one fre
quency.

Measure Ll and L2 separately.
Then measure La ( mutual aIdIng l
with L 1 and L 2 connC'cled series
aidIng, and Lb (mutual bucking) with
L1 and L2 connected series bucking
(Figure 5).

The mutual tnductance then Is
La - Lb

w(CI-Cl)

where Rp, Xp are in ohms
w .. 2 iii (cycles)
C is In farads,

1. 59xl05 x Ql Q,
Or, Rp '"

r lCI-CL) ~l- Q,)
L59xl05

and Xp =

""d

f(C 2 - CIl

where Rp ' xp are In ohms

f Is in megacycles
C Is in mlcro-mlcro-farads,

NOTE: The sign of the quantity
(C2-CI) Indicates the type of effec
tlve reactance. A positive quantity
indicates Inductive reactance, A
negative quantity Indicates capaci
tive reactance.
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THE NOTEBOOK 

BAD WEATHER FLYING 
EDSON W. BEATTY, Chief Pilot 

I t i  I 

D 

1 

The Author standing beside the BRC Beechcraft Bonanza. The aircraft i s  fully equipped for in- 
strument flight and provides a valuable source o f  information relevant to  actual aircraft operation 
under all flight conditions. Inset upper le f t  is a typical Instrument Landing System Glide Slope 
field installation. The BRC Glide Slope Signal Generator Type 232-A (center) provides cali- 
brated RF signals and on all Glide Slope frequencies- thus providing manufac- 
turers and service organizations with an instrument capable o f  simulating any or all signals 
transmitted in  the Glide Slope Section o f  the Instrument Landing System. 

modulation 

Ever been delayed at  the airport by 
weather or arrive several hours be- 
hind schedule? Most of us have, but 
have you noticed recently these delays 
are  not occuring as  often? We here at 
BRC feel that with our test equipment 
we are helping to contribute a part to- 
wards reducing these occurances. 

Today, on board a modern high speed 
air transport, we give little thought of 
the problems brought about by the in- 
crease in speed, traffic density and 
type of weather now considered flyable. 
Just a s  an example, an aircraft trav- 
eling at 150 MPH with a course error  
of 5 O  will be approximately 4miles off 
course after 30 minutes time. How- 
ever, at 350 MPH withthe same course 
error  for 30 minutes, the aircraft 
would be over 8-1/2 miles off course. 
Now commercial flights are  being made 
daily with little more than part of the 
airport runway being visible. Experi- 

mental flights a r e  being made under 
visibility conditions where great diffi- 
culty in ground or taxiing handling is 
encountered. The writer had anex- 
perience recently when, rolling down 
the runway after landing in a heavy 
fog, the control tower called by radio 
from 1/4 mile away and requested 
"Have you landed yet ? '' 

These improvements in air naviga- 
tion and communications have all been 
brought about through electronic equip- 
ment. The primary aids now used are  
Omnirange for navigation, Instrument 
Landing System for blind landing and 
VHF Communications. 

THE VOR SYSTEM 
Omnirange, sometimes referred to 

as  VOR (Visual, Omni-directional 
Range), is a recent development in 
radio navigation aids. The Omnirange 
is designed, as  a re  other air navigation 

systems, to furnish directional guid- 
ance to an aircraft in space. It is the 
primary aid in point-to-point air navi- 
gation. The word Omni is derived from 
Latin "Omnis" meaning all. These 
stations a re  s o  named because they 
have an infinite number of courses, 
whereas, the facility they replace has 
only four courses. 

An Omnirange station might be de- 
scribed as  a very large wheel with 
360 spokes (theoretically an infinite 
number) with the station being the hub. 
Any one of the spokes might be chosen 
a s  a guide in space. This is accom- 
plished electronically by comparison 
of the phase difference between the 
audio modulation of two radiated radio 
frequency signals, the difference in 
phase varying with change in azimuth. 
The modulation on one of these signals 
is non-directional and has a constant 
phase throughout 360 degrees of azi- 
muth. This is called the reference 
phase. In order to separate the two 
signals for comparison in the receiver 
and converter, a lOKC FM subcarrier 
is used to carry the reference signal. 
The phase of other signal rotates at a 
speed of 1800 RPM andvaries in phase 
with azimuth. This is  called the vari- 
able phase and is produced by a motor 
driven goniometer feeding an RF  volt- 
age into four antennae (two at a time). 
A s  the goniometer revolves, the R F  
voltage fed into the antennae (180 de- 
grees apart) varies sinesoidally at the 
rate of 30 cps to  produce a rotating 
field. The systemis set up s o  at mag- 
netic north the reference and variable 
signals are  exactly in phase. 

Froma pilot's standpoint the opera- 
tion is quite simple. Other than re- 
ceiver, converter and antennae, there 
are four basic units in the aircraft. 
Although some manufacturers combine 
these units for simplicity, we shall 
discuss the primary type. 

The pilot's controls are illustrated 
in Figure 1 and consists of: 

1. Frequency Selector (conven- 
tional receiver control) 
2. Azimuth Selector 
3. Deviation Indicator (with signal 
strength indicating flag) 
4. Sense Indicator 

Further describing each unit: 
1. Frequency Selector: tunes re-  
ceiver to desired station frequency 
which is identified aurally with 
code (recorded voice also on some 
stations). 
2. Azimuth Selector (Course Se- 
lector): selects the desired azi- 
muth (or track) to control direc- 
tion in space. 
3. Deviation Indicator: indicates 
the difference between the selected 
azimuth and present position or ,  
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systems, to furnish directional guid
ance to an aircraft in space. it is the
primary aid in pOint-to-point air navi
gation. The word Omlli Is derived fronl
Latin "Omnls" meaning aiL These
stations are so n.1med because thcy
have an Infinite numbel" of courses,
whcreas, the facility they replace has
only four courses.

An Omnirange station might be de
scribed as a very tnr~e wheel with
360 spokes (theoretically an Infinite
number) wllh Ihe station heing the hub.
Anyone of the spokes might be chosen
as a guide {n space. This Is accom~

pUshed electronically by comparison
of the phase difference between the
audio modulalion of two radiated radio
frequency signals, the difference In
phase varying wllh change in a1'.imuth.
The modulation on one of these signals
Is non-directional and has a constant
phase throughout 360 degrees of a1'.i
muth. This is called the reference
phase. III order to separalll the two
signals for comparison in the receiver
and convcrtel", a JOKC FM subcarrier
is used to carry the reference signal.
The phase of other signal rotates at a
speed of 1800 RPM and varies in phase
with a1'.imuth. This Is called the val·f
able phase and is produced by a motor
driven goniometer feeding an RF volt
age into four antennae (two at a time).
As the jl;onlometez" I"evolves, the RF
voltage fed into the antennae (180 de
grees apart) varies sinesoidally at the
rate of 30 cps to pl·oouce a rotating
field" The system is set up so at mag
netic north the refel'cnce und vurlablc
signals are exuctly in phase.

Froma pilot's standpoint the op"'ra
tion Is quite> simple. Other Ihan re
ceiver, converte,· and antenn:lC, there
are four basic units in the aircraft.
Although some manufacturers combine
these units for simplicity, we shall
discuss the primary type.

The pilot's contl'ols are lllustrated
In Figure 1 and consists of,

L Frequency Selector (conven
tional recelv("r conil·ol)
2. Azimuth Selector
3. Deviation Indicator (with signal
strength indicating flag)
4. Sense Indicator

Further describing each unit:
1. Frequ("ncy Selector: tun("s rC'
celver to des il·("d station frequency
which [s Identified uurallv with
code (recorded voice also o~ soml:'
statlonsl.
2. Azimuth Selector (Course Se
lector): selects the desired azi
muth (or trackl to control direc
lion in space.
3. Deviation Indlcaton indicates
the difference between the sclcct{'d
(l,1'.lmuth and pl"esent positlon or,

mental nights are being made under
visibility conditions Whel"e great diffi
culty In ground or taxIIng handling is
encountered. The writer had an ex
perience recently when, rolllll~ down
the runway after landing In a heavy
fog, the control tower called by radio
from 1/4 mile away and requestt..>d
"Have you landed yet? "

Thcse fmprovements In air navlga
ilon and communications have aU been
brought about through electronic equip
ment. Tile prlmary aids now used al·e
Omnirangc for naviP;atlon, Instl·ument
Landing System for bUnd landing and
VHF Communications.

THE VOR SYSTEM
Omnirange, somelimes refe'Ted to

as VOR (Visual, Omni-direc!lonal
Range), Is a recent development In
radio navigation aids. The Omnlrange
Is designed, as are other air navigation

Ever been delayed at the airport by
weather or arrive several bours be
hind schedule? Most of us have, but
have you noticed recently these delays
are not oecuring sa often? We here at
BRC feel that with our test equipment
we are helping to conlribule a part to
wards reducing these occuranccs.

Today, on board a modern high speed
air transport, we give Htde thought of
the problems brought about by the In
crease tn speed, traffic density and
type of weather now considered flyable.
Just as an example, an aircraft trav
eHng at 150 MPH with a course error
of 50 will be approximately 4 miles off
course after 30 minutes timc. How·
ever, at 350 MPH with the same course
error for 30 minutes, the aircraft
would be over 8-1/2 mlles off course.
Now commercial nights arc being made
daily with Httle more than part of the
airport runway being visible. Experi-

T~.. Aulho, standing besido Ih.. BRC a....ehc,ofl Bonanza. Th.. ol,erofl is fully oqulpp..d {a' i,,·
strum..nl flight ond provides a voluoble sou,ee o{ informal Ion ro/ovont 10 oeluol oi,e,oft ope,orion
undo, all //;glo, condillons. In••1 upp.. , left I. a typical '''sl'u'''''''1 Landing Syst.m Glide Slope
/ield In$/ollollo". fI,e BRC Glide Slope Signol Gon..,oto, Type 2J2_A (c ..nler' provide. co/I.
&,ol..d RF signolo and modulation On all Glid. Slope {,equendu-" llou. p,ovlding "",nuloc
lure,s ond s.,viee o,gon,·.ollon.../II. 0" Inst'u"",n' "opohle 01 slmulo'ing any 0' 011 .ignol,
I,onsmlffed in ,I... Glid.. Slope Soclion of ,Io .. /n$/,u",",'" Landing Sy.lem.
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MARKER BEACON GLIDE SLOPE OMNl OR LOCALIZER 
INDICATOR LIGHT DEVIATION DEVIATION IN01 CATOR 

/(VERTICAL NEEDLE) IN DI C A T 0  R \ \ 

I 

\ FREQUENCY SELECTOR \ OMNl  OR LOCALIZER 
SWITCH 

AZIMUTH SELECTOR SENSE INDICATOR 

Figure 7.  The Pilot's VHF Radio Controls instal 
craft Bonanza. 

conversely, the azimuth from a 
station to the aircraft's position. 
Two or more stations maybe used 
to establish position. Also in- 
cluded is an alarmindicator which 
indicates when a usable signal i s  
being received. 
4. SenselIndicator (To-From Me- 
ter): determines the phase com- 
parison to establish the quadrant 
(i. e. north azimuth or south azi- 
muth). 

At the present time there are  392 
omni stations now in use throughout 
the United States. 

THE I L S  S Y S T E M  

We have discussed point-to-point 
air  navigation and although the omni- 
range may be used as a landing aid it 
is not the primary type. The Instru- 
ment Landing System (ILS) is the more 
effective type and considered the most 
practical from a cost and operational 
standpoint. Its purpose is to provide 
a predetermined, precise path to a 
landing runway without visual refer- 
ence to the ground. 

fled in the instrument panel of  the B R C  Beech- 

The systememploys three elements: 
1. Localizer 
2. Glide Slope 
3. Outer and Middle Marker 

1. Localizer: provides the direc- 
tional guidance to and down the 
landing runway. 
2. Glide Slope: provides the alti- 
tude guidance while approaching 
on the Localizer. 
3, Outer and Middle Markers: 
provide fixes or locations on Lo- 
calizer and Glide Slope. 

In order to describe the operation 
of ILS, we shall consider each ele- 
ment separately. 

The Localizer provides the direc- 
tional guidance by radiating a field 
pattern directly down the center line 
of the instrument runway. The car- 
r i e r  is modulated at two frequencies, 
90 and 150 cps, with each modulated 
carrier applied to a separate antenna 
system. They are  arranged so  that 
while on the approachend of the instru- 
ment runwayfacing the antenna, the 90 
cps signalpredominates on the left and 
the 150 cps on the right. With this ar-  
rangement, an equal signal ratio of 90 
to 150 cps is projected down the in- 

To explain each element: 

7 5 M C  108MC 112k c l l 8 M C  1 3 2 M C  M 4 M C  320.3 M C  3 3 5 M C  

+MARKER *LOCMIZER-*OA NI DIRECTIONAL+-COMMUNICATIONS -*MILITARY--,*NOT ASSIGNED TO ---GLIDE SLOPE- 
BEACON RANGE GROUND AIR AIRCRAFT 

I 
T O  T O  
AIR GROUND 

INTON RADIO CORPORATION 

strument runway and continuing off into 
the approach area. The equal signal 
zone is designed to be approximately 
5O wide, 

The Glide Slope provides altitude 
guidance while approaching on the lo- 
calizer. This is accomplished in much 
the same manner as the localizer with 
the exception of the direction of equal 
signal zone. The carrier is modulated 
at two frequencies, 90 and 150 cps with 
each modulated carrier supplied to a 
separate antenna system. These sys- 
tems a re  arranged so  an equal signal 
zone, or tone ratio, is 2-1/2' to 30 
fromparallel to the earths surface and 
is approximately lo wide. 

The ILS markers,  there are  two, 
called outer and middle, serve as radio 
fixes to check progress on Localizer 
and Glide Slope. Both are  vertically- 
radiated, low-power signals (always 
75MC) elliptical in shape and directed 
so the center is directly under the lo- 
calizer on-course signal. The Outer 
Marker is located between4 and 7 miles 
from runway threshold. The carrier 
is modulated at 400 cps and keyed to 
emit continuous dashes. The middle 
marker is located between 1250 ft. and 
3500 ft. from runway threshold. It s 
carrier is modulated at 1300 cps and 
keyed to emit alternate dots anddashes. 

The equipment aboard the aircraft 
(other than receivers and antenna) con- 
sists of the followings 

1, FrequencySelectors: (one each 
for Localizer and Glide Slope). 
2, Deviation Indicators: (two me- 
ter movements in same instrument 
eachwith signal strength indicator 
alarm) e 

3. Marker Beacon Indicator 
Lights: (fixed frequency re- 
ceiver)" 

From the pilot standpoint, the con- 

1. Frequency Selector for Local- 
izer (108-112MC): tunes the pro- 
per localizer which is identified 
aurally. Glide Slope (329.3 to 
335MC) is tuned with a separate 
control and may only be identi- 
fied by flag alarm opposite de- 
viation indicator. 
2. Deviation Indicators: provide 
guide for following Localizer and 
Glide Slope, the vertical indicator 
for Localizer and horizontal for 
Glide Slope. 

trols serve as follows: 

Figure 2 .  F.C.C. Frequency Assignments -- Aircraft Navigation and Communications. 
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Figur. 1. Th. Pi/or's VHF Rodio Conlrols ins rolled in ,h. inslrulMnl po...1 01 rile GRC Geed,.
croft Gononzo.

THE ILS SYSTEM

strument runway and continuing off into
the upproach area. The equal signal
zone is designed to be approximately
SO wtde.

The Glide Slope provides nltitud(>
guldnnce while approachtng on the 10
c:llizcr. This Is :lccomplisil(>d in much
the same manner as the localizer with
the exception of the directton of equal
signal zone. The carrier Is modulatE'<:!
at two frequencies, 90 and 150 cps with
each modulnted carrier supplied to a
separate antenna system. These sys
tems are arranged so an equal signal
zone, or tone ratio, is 2_1/20 to 30
from parallel to the earths surface and
is npproximately 10 wide.

The U.s markers, there are two,
called ouler and middle, serve as radio
fixes to check progress on LocaJizer
and Glide Slope. Both nre vertlcaUy
radiated, low-power signals (nlways
75MC) elliptical in shape and directed
so the center is directly under the lo
calizer on-course signal. The Outer
Marker is located between 4 and 7 mHes
from runway threshold. The carrie)'
is modulated at 400 cps and keyed to
emit contlnuous dashes. The middle
marker Is located between 1250 ft, and
3500 ft. from runway threshold. It s
carrier is modulated at 1300 cps nnd
keyed to emit alternate dots nnd dashes.

The equipment aboard the aircraft
(other than receivers and nnt(>nna) con
Sists of the following.

1. Frequency Selectorsl (one each
for Locnltzer and Glide Slope).
2. Deviation Indicators: (two me
ter movements In snme Instrument
each wIth signal strength Indicator
nlarm).
3. Marker Beacon IOOlcator
Lights: (fixed frequency re
ceiver),

From the pilot standpoint, tbe 0011-
trola scrve as follows:

I, Frequency Selector for LocaJ
izer (108-1l2MC): tUlles the pro
per localizer which is Identified
aurally. Glide Slope (329.3 10
335MC) is tune-d wltb a separate
control and may only be Identt
fied hy flng alnrm opposite de
viation Indicator.
2. Deviation IndlcntorSI provide
guide for following Localizer and
Glide Slope, the v(>rtlcal Indicator
for Loca!tzcl' and horizontal for
Gllde Slope.

FREQUENCY SELECTOR

OMNI OR LOCAUlEfl"
DEVIATION INDICATOR

ERTICAL NEEDLE)

SENSE INDICATOR

The system employs three elementsl
1. Localizer
2. Glide Slope
3. Outer and Middle Marker

To explain each element:
I. Locallzer: provides the direc
tional guidance to and down the
landing runway.
2. Gilde Slope: provld(>s the nltl
lude guidance while approachlug
ou the Locnlizer.
3. Outer and Middle MnrlU'rs:
provide fixes or locations on Lo
call<!:er and Glide Slope.

In order to describe the operntlon
of U.s, we shnll consider each ele
meut separately.

The Locali<!:er provides the dln'c
tlonal guidance by radinling a field
pf!tlern directly down the center line
of the instrument rUllwny. The car
der is modulated at two frequencies,
90 and 150 cps, with each modu.lated
currier applied to a separate antenna
system. They are arranged so thnt
while on the approach end ohile Instru
ment runway fnelng the antenna, the 90
cps signnl predominates on the left and
the 150 cps on the right. With this ar
rangement, un equ:l1 signal ratio of 90
to 150 cps is projected down the tn-

GLIDE SLOPE
DEVIATION
INOICATOR

AZIMUTH SELECTOR

We have discussed polnt-to-point
air navigation and although the omni
range may be used as a landing aid it
Is not the primary type. The Instru
ment Landing System (ILS) is the more
effective type and considered the most
practical from a cost and operational
standpoint. Us purpose Is 10 provide
a predetermined, precise path to a
landing runway without visual refer
ence 10 the ground.

conversely, the azimuth from a
station to the aircraft's position.
Two or more stations maybe used
to establish posHion. Also in
cLuded is an alarm indicator which
indicates when a usable signal Is
being received.
4. Sense Indicator (To-From Me
ter), determines the phase com
parison to establish the quadrant
(i. e. north azimuth or south ::u:l
muth).

At the present time there are 392
omnl stations now In use throughout
the United States.

MARKER BEACON
INDICATOR LIGHT

75MC '08MC 112MC H8MC 132MC 144MC 32<a.3MC 335MC

MAAl<" :1"""""':=:3W11 DIRECTIDNAI!I:' =COMMUNICATIONS= MIL.ITAR=:' NOT ASSIGNED TO!ll: GLIDE SLOP:'
BEACON RANGE GROUND AIR AIRCRAFT

'0 '0... GROUND

Figure 2. F.C.C. Frequency Assignments •• Ai,crolt Navigation and Communicolions.
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3. MarEer Beacon Lights: indi- 
cates by flashing signal which 
marker is beingpassed over, also, 
these signals may be identified 
aurally. 

At the present time there are  146 
ILS systems in operation in the United 
States not including military installa- 
tions e 

With the assignment of new frequen- 
cies followingWorld War I1 (See Figure 
2) there was tremendous need for a sta- 
ble Signal Generator between 88 and 
140MC. The BRC Signal Generator 
Type 202-B has been accepted and 
purchased by The Civil Aeronautics 
Authority and widely used throughout 
the industry. During the development 
of the Omnirange system. a phase 
shift was encountered in the Type 202-B 

CHECK YOUR 

There are  instances not covered by 
the Q Standard Type 513-A in which 
the Q Meter user may question the 
Q values indicated by his instrument 
and,lacking a quick cross-check,be- 
lieves he must content himself with 
questionable information. This is not 
necessarily so,  since in many cases 
the "Delta C method is both conven- 
ient and reassuring. Convenient in 
that the check can be conducted rel- 
atively quickly and at any frequency 
within the Q accuracy specification 
of the instrument; reassuring when 
it substantiates the Q Meter. 

The check is based upon the 
equation: 

C (1) 
AC 

the derivation of which is too lengthy 
to include here? The quantities in- 
volved in the equation are  from the 
following Q Meter equivalent circuit 
including the external inductor and its 
associated voltage-capacitance curve: 

Cr = capacitance to resonate the 
circuit . 

V r  = voltage across the Q Meter 
capacitor at resonance. 

Figure 7 .  Equivalent Circuit of  Q Meter. u 

which was not desirable. In 1948, a BIBLIOGRAPHY 
completely new Signal Generator I the 
Type 211-A was announced, eliminat- 
ing this problem. Due to increasing 
demand for a crystal controlled stable 
Glide Slope Generator, the Type 232-A 
was placed on the market in 1953. 
All these units are approved by The 
Civil Aeronautics Authority a s  part 
of the necessary equipment to obtain 
a CAA licensed Radio Repair Station. 

Already the CAA is making additions 
to the Omnirange and ILS systems by 
equipping them with DME (Distance 
Measuring Equipment); at present on- 
ly in high traffic density areas. This 
together with Radar Monitoring of air  
traffic, bring closer the day of no- 
weather delays. 
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Keary, H. F. , "The Civil Aeronautics 
Administration VHF Omnirange". 
Proceedings of I. R. E. , Volume 39. 
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U. S.Department of Commerce. A& 
w a y s  Training Series, Bulletin No. 3 
Washington: Government Printing 
Office, 

U. S. Department of Commerce, A>- 
ways Operation Training Series, Bul- 
letin No. l ,  Washington: Government 
printing Office, 
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Q READINGS By the Delta C Method 
JAMES E. WACHTER, Projec t  Eng ineer  

I 

I 

I 

C r  J 
A C  A C  

V i  = voltage across the Q Meter 
capacitor at a point other than 
resonance . 

AC = capacitance between two points 
of equal voltage (Vi ) ,  one on 
either side of resonance. 

Qc = circuit Q = wL/R where R 
includes all losses in the coil 
and the Q Meter circuit. 

It is worthwhile to note here that 
since the Q- voltmeters of all BRC 
Q Meters are  linear with respect to 
voltage and Q, equivalent values of 
indicated Q may be substituted in the 
ratio Vr/V1. Equation 1 contains an 
approximationwhich is negligible when 
Q is greater than 100. 

An easy level at which to make the 
AC measurement is at the half volt- 
age or half Q points ( Vr/V1 = 2.0) , 
in which case the preceding equation 
becomes 

C r  
Qc = 3.4641 - (2) 

AC 

Another frequently used level is at 
the 0 .707  voltage or Q points where: 

2 Cr 
Qc = 

4C 
An outline of the procedure using 

equation (2) and applicable to all Q 
Meters manufactured by Boonton 
Radio Corporation is: 

1 .  Set the Q Meter oscillator to 
the desired frequency. 

2. Adjust the XQ control for unity. 
3, Connect a shielded inductor re- 

quiring a capacitance setting 
near the maximum available 
reading for a Q Reading near 
full scale. 

4. If Q Meters Type 160-A or 260- 
A a re  being checked, set the 
vernier scale to zero. 

5. Resonate the circuit with the 
internal resonating capacitor. 
a. Record the resonating capa- 

citance indicated on the Q 
capacitor dial a s  Cr. 

b. Record the Q at resonance 
as indicated on the Q volt- 
meter as  & r e  

6. With the internal resonating ca- 
pacitor (vernier capacitor on Q 
Meters Type 160-A and 260 - A  ) 
detune the circuit on either side 
of resonance to the point where 
the Q indicated by the Q volt - 
meter is equal to Q,./2. Record 
the capacity between these two 
points a s  AC. 

7. To avoid e r ro r s  due to mech- 
anical and electrical backlash 
all settings of the Q condenser 
should be approached with the 
same direction of rotation. To 
minimize e r ro r s  in reading 
all settings and readings should 

(3) - .  

Figure 2. Capacitance Curve of  the Q Meter 
Circuit. 

I 
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3. MarKer Beacon Lights: Indi
cates by flashing aignal which
marker is being passed over, also,
these slgp.als may be identified
aurally.

At the present tlme there are 146
ILS systems In operation In the United
States not including military Installa
tions.

With the assignment of new frequen
cies following World War II (See Figure
2) there was tremendous need for a sta
ble Signal Generator between 88 and
HOMe. The BRe Signal Generator
Type 202-B has been accepted and
purchased by The Civil Aeronautics
Authority and widely used throughout
the Industry. During the development
of the Omnirange system. a phase
shift was encountered In the Type 202-B

which was not desirable. In 1948, a
completely new Signal Generator, the
Type 211-A was announced, eliminat
ing this problem. Due to Increasing
demand for a crystal controlled stable
Glide Slope Generator, the Type 232-A
was placed on the market in 1953.
All these units are approved by The
Clvll Aeronautics Authority as part
of the llecessary equipment to obtain
a CAA llcensed Radio Repair Station.

Already the CAA is making additions
to the Omnirange and lLS systems by
equipping them with DME (Distance
Measuring Equipment)j at present on
ly in high trafflc density areas. This
together with Radar Monitoring of air
traffic, bring closer the day of no
weather delays.
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CHECK YOUR Q READINGS By the Delta C Method
JAMES E. WACHTER. P'oi~cl E~ti~u,

(1)
Figure 2. Capaciran<:e Cu,v" of rl." Q M",...

C;'<:uil.

(3)

'C
An outline of the procedure using

equation (2) and applicable to all Q
Me!ers manufactured by Boonton
Radio Corporation Is:

l. Set the Q Meter oscillator to
the desired frequency.

2. Adjust the XQ control for unity.
3. Connect a shielded inductor re

quiring a capacitance s("ttlng
near the maximum available
reading for a Q Reading near
full scale.

4. If Q Meters Type lGO-A or 260
A are being checked, set the
vernier scale to zero.

5. Resonate tnc Circuit with the
Internal resonating capacitor.
a. Record the resonating capa

citance indicated on the Q
capacitor dial as Cr'

b. Record the Q at resonance
as indicated on the Q volt
meter as Qr'

6. With the internal resonating ca
pacllor (vernier capacitor on Q
Meters Type 160-A and 260-A)
delune the circuit on either side
of resonance to the point where
the Q Indicated by the Q volt 
meter Is equal to 0 ../2. Record
the capacity between these two
points as 6.C.

7. To avoid errors due to mech
anical and electrical backlash
all settings of the Q condenser
should be approached with the
same direction of rotallon. To
minimize errors In reading
all settings and readings should

Another frequently used level Is at
the 0.707 voltage or Q points where:

2 C,

(2)
6C

Qc '= 3.4641

VI '" voltage across the Q Meter
capacltorata point other than
resonance.
capacitance between two points
of equal voltage (VI), one on
either side of resonance.
circuit Q = wL/R where R
includes aU losses In the coil
and the Q Meter circuit.

It is worthwhile to note here that
since the Q - voltmeters of all BRC
Q Meters are linear with reSjrect to
voltage and Q,equlvalen' values of
indicated Q may be substituted In the
ratio Vr /Vl. Equation 1 contains an
approximation which Is negligible when
Q Is greater thun 100.

An casy level at which to make the
6.C measurement Is at the haLf volt
age or hulfQ points (Vr /V1 = 2.0),
in which case the preceding equation
becomes

Fi'lu,e I. Equivalenl Circuil "f Q Mere,.

There are Instances not covered by
the Q Standard Type 513-A In which
the Q Meter user may question the
Q values Indicated by his instrument
and,laeklng a qUick crOSII-eheck,be
licves he must content himself with
questionable Information. This Is not
necessarily so, since in many cases
the" Delta C " method is both conven
ient and reassuring. Convenient in
that the check can be conducted rel
atively quickly and at any frequency
within the Q accuracy specification
of the instrument; reassuring when
It substantiates the Q Meter.

The check ill hased upon the

~:u:u~g~vtvr) 2 -1

6.C VI
the derivation of which is too lengthy
to Include here.'" The quantilies in
volved In the equation are from the
following Q Meter equivalent Circuit
including the external Inductor and its
associated voltage-capacitance curve:

Cr capacitance to resonate the
circuit.

VI' '" voltage across the Q Meter
capacitor at resonance.
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be made several times and then 
averaged. 

8. Insert the values of Cr and AC 
in equation (2) and calculate Qc. 

Now, if  the value of QC calculated 
in step 8 agrees with the value of 
Qr recorded in step 5. b. within i 15 
percent all is well  and good and the 
Q Meter can be assumed to be p e r -  
forming satisfactorily. 

The method of Q Meter checking 
discussed here does not take into ac- 
count variations in Q indication re- 
sulting from changes in loading ac- 
cross the measuring terminals ( see 
'' Q Meter Comparison I t ,  Notebook 2, 
Summer 1954.) Difficulties ( if indi- 
cated ) lie elsewhere, For methods 
of isolating the problem see the 
Maintenance Section of the applicable 
Instruction Book. 

* Hartshorn, L.,  and Ward, W.H.,  
Institute of Electrical Enfineers, - 
( London, 1936 ), equation 6. - pp. 79, 
597, 609. 

EDITOR'S NOTE .... 
THE Q CLUB OF BRC 

A BRC Employee had a bright idea 
back in 1942. The idea was  born of 
the Shop and Office collection prob- 
lem-- a problem that probably is 
common to any firm employing three 
or more persons. The idea provided 

a club for the purpose of remember- 
ing fellow workers on special occas- 
ions and to assist in arranging pic- 
nics etc. Club dues would supply 
the needed funds and individual em- 
ployees would no longer face the Shop 
and Office collections. The Company's 
best known instrument was the 
Q Meter and the new organization 
was befittingly named the Q Club of 
BRC 

Today the Q Club is a thriving 
organization sponsoring activities in 
which the great majority participate 
and enjoy and remembering fellow 
members of the BRC Family on spec- 
ial occasions, But we a re  still both- 
ered by collections. The Q Club has 
gone a long way in controlling the 
problem but never has been fully 
able to meet the goal set in the ori- 
ginal idea. 

Some of the Club's inability to 
eradicate collections can be traced 
to an aspect of the Club's existence 
which was  not fully apparent to the 
founders. This important aspect is 
the Club's healthy influence on em- 
ployee relations. When a new em- 
ployee starts work at BRC, he or 
she is soon greeted by a Q Club. 
Representative--there is a represent- 
ative for each ten employees. The 
Representative explains the Club's 
history, purpose and informs the new 
employee that he or she will  be eli- 

gible for membership after the pro- 
bation period. Fellow workers are  
introduced and the new employee soon 
has a feeling of friendship and be- 
longing to a group. In short, em- 
ployee relations a re  off to a good 
start  and where friendly relations 
flourish, the ideas and desires for 
collections also flourish. The Q Club 
treasury always falls a little short 
of the good will  it has created and 
fostered. 

The good will emanating from the 
Q Club activities reflects itself in 
the BRC operations. Few people take 
more pains and pride in their work 
than members of the BRC Family. 
They are understanding of company 
production and engineering problems. 
On the other hand, supervisors are  
more understanding of the individual's 
problems. 

Yes, Shop and Office collections 
have greatly benefited Boonton Radio 
Corporation-- they brought about the 
Q CLUB OF BRCl 

, .--. 
,- 

BRC'is proud of several other em- 
ployee organizations. The BRC Men's 
Bowling League is ABC sanctioned 
and its weekly "Bowling Nights reg- 
ularly draw 35% of all male employ- 
ees. The BRC Camera Club was re- 
cently organized and is very popular 
The photos on pages 5 and 6 w e r e  
taken by our Camera Club President. 
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be made several times and then
averaged.

8. Insert the values of Cr and LloC
In equation (2) and calculate Qc.

Now, If the value of Qc calculated
in step 8 agrees with the value of
Qr recorded In step 5. b, within ± 15
percent aU Is well and good and the
Q Meter can be assumed to be per
forming sntisfaetorlly.

The method of Q Meter checking
discussed here does not take Into ac
count vnriations in Q Indication re
sulting from changes In loading ac·
cross the measuring terminals (sec
"Q Meter Comparison ", Notebook 2,
Summel' 1954.) Difficulties (if indi
cated ) lie elsewhere. For methods
of isolating the problem see tbe
Maintenance Section of the applicable
Instruction Book.

,. Hartshorn, L., and Ward, W. H.,
Institute of Electrical Engineers,
( London, 1936), equation 6. - pp, 79,
597, 609.

EDITOR'S NOTE ....

THE Q CLUB OF BRC

A BRC Employee had a bright Idea
back In 1942. The idea was born of
the Shop and Office collection prob
Icm-- a problem that prohably is
common to any firm employing three
or more persons. The Idea provided

a club for the purpose of remember
ing fellow workers on special occas
ions and to assist in arranging pic
nics etc.. Club dues would supply
the needed funds and Individual em
ployees would no longer face the Shop
and Office collections. The Company's
best known instrument was the
Q Meter and the new organization
was befittingly named the Q Club of
BRC.

Today the Q Club is a thriving
organization sponsoring acUvities in
which the great majority participate
and enjoy and remembering fellow
members of the BRC Family on spec
ial occasions. But we are still both
ered by collections. The Q Club has
gone a long way in controlling the
problem but never has been fully
able to meet the goal set in the ori
ginal idea.

Some of the Club's inability to
eradicate coUectlons can be traced
to an aspect of the Club's eXistence
which was not fully apparent to the
founders. This important aspect Is
the Club's healthy influence on em
ployee relations. When a new em
ployee starts work at BRC, he or
she Is soon greeted by a Q Club.
Representative--there is a repres~nt

atlve for each ten employees. The
Representative explains the Club's
history, purpose and Informs the new
employee that he or she will be eli-

gible for membership after the pro
bation period. FeUow workers arc
introduced and the new employee soon
has a feeling of friendship and be
longing to a group. In short, em
ployee relations are off to a good
start and where frIendly relaUons
flourish, tbe Ideas and desires for
coUectlons also flourish. The Q Club
treasuI'y always falls a little short
of the good will it has created and
fostered.

The good will emanating from the
Q Club actlvities reflects itself In
the BRC operations. Few people take
more pains and pride in their work
than members of the BRC Family.
They are understanding of company
production and engineering problems.
On the other hand, superVisors are
more understanding of the individual's
problems.

Yes, Shop and Office collections
have greatly benefited Boonton Radio
Corporation-- they brought about the
Q CLUB OF BRC!

BRC is proud of several other em
ployee organizations. The BnC Men's
Bowling League is ABC sanctioned
and its weekly "Bowling Nights" reg
ularly draw 35% of aU male employ
ees. The BRC Camera Club was re
cently organized and is very popular
The photos on pages 5 and 6 were
taken by our Camera Club President.
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Sweep Frequency Signal Generator Design Techniques 
JOHN H. MENNIE and CHI LUNG KANG, Deve lopment  Eng ineers  

A 
L 

Figure  1. Dr. C. L. Kang, co-author, adjusts the  Sweep Signal Generator T y p e  240-A. 

Sweep frequency testing techniques have 
been used in one form or another for a num- 
ber of years. Even before the cathode ray 
osciIloscope became avail'able as a laboratory 
instrument, very slow sweep frequency de- 
vices were used in conjunction with mechan- 
ical recording systems to provide a graphic 
representation of frequency response. The 
commercial development of the cathode ray 
oscilloscope plus the increasing need for a 
rapid, accurate and convenient technique for 
aligning multi-stage wide-band IF amplifiers 
used in radar, FM and TV systems created 
the need for the sweeping oscillator as a 
laboratory and production tool. 

Although many sweeping oscillators have 
been developed for this purpose, it has been 
felt that in general no one instrument incorp- 
orated all of the desirable features, such as 
good center frequency stability, adequate 
shielding, flat high-level output, precision- 
calibrated attenuator for operation in the low 
microvolt region, low sweep rate, satisfactory 
marking system, and ability to operate as a 4 CW signal generator. 

NATURE OF SWEEP 
FREQUENCY METHOD 

T o  get a physical picture 6f how the sweep 
method works, consider a signal whose fre- 
quency is periodically varied (or swept) 
about a center frequency at a slow repetition 
rate. At a certain instant of each sweep cycle, 
the instantaneous frequency, i.e. the rate of 
change of phase angle, passes a certain value. 
The signal can be considered to be a single 
frequency equal to the instantaneous fre- 
quency over a short interval of time around 
that particular instant of each cycle. 

Now the response of the network under 
test will be the steady state response at the 
instantaneous frequency plus a transient term. 
If the network is not highly frequency sensi- 
tice, i.e., low Q, its steady-state response 
changes gradually with frequency. Hence, the 
transient term will have small amplitude and, 
furthermore, it dies down quickly. 

When the rate of frequency change is low, 
the time interval over which the frequency 
can be considered constant is appreciable and 

enough time will be allowed for the transients 
to die down. In short, in low Q circuits with 
low rates of frequency change, the transient 
term will be small and therefore the response 
while sweeping is a close approximation of 
the steady state response. This is the basis of 
the sweep frequency method. 

S Y S T E M  RE QUI R E M E N T S  

Before beginning the detailed development 
of a sweeping signal generator it is wise to 
carefully consider each of several funda- 
mental and inter-related problems inherent 
in all such devices. The first, of course, is to 
decide on the most practical means for sweep- 
ing frequency in a linear fashion with suffi- 
cient controllability and stability to satisfy 
both wide and narrow band requirements. 

Providing adequate isolation between the 
generator and the load with constant ampli- 
tude high-level output and low distortion are 
inter-related problems made difficult by the 
desirability of a broadband, untuned output- 
buffer system. 

It is often erroneously assumed that a high 
order of frequency stability is not essential in 
a sweeping device, because the frequency is 
constantly changing and some form of pre- 
cision marker .is always used to determine the 
exact frequency location on the display pat- 
tern. Good frequency stability has been found 
to be quite essential, however, to avoid jitter 
in the display of narrow band sweeps, for 
zero sweep or CW applications, and for 
proper identification of markers by means of 
an accurately calibrated center-frequency dial. 
A fundamental problem exists in attempting 
to attain good frequency stability in a sweep 
generator since the parameter used for sweep- 
ing is usually unstable by nature and there- 
fore must be protected from extraneous effects 
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Sweep Frequency Signal Generator Design Techniques

JOHN H. MENNIE and CHI LUMG KANG, f)f'&!,i!lop_en' Engi"u•.J

Figure 1. Dr. C.L. Kgng. co-<>ut"or. odJusts ,It. SWHp 5i9"01 Generator Type 24D-A.

SWl"eP fr<"<jllC"ncy testing techniques ha,·c
been ~d in one form or another for anum·
ber of years. Even before the cathode ray
osdllos<opc became available :as a l,ilboulory
inslrument, very slow sw~p fre<J,ucncy de
viets Wl're used in conjunction with mechan·
ical recording syllcms to provide a graphic
repr<'Smt2tion of htqumC')' ~ponse. The
cGm,"",rciai d~..lopn'I('nr of the Olthode Illy
cw:i11oscope plus the il'lC.euing n~d for a
rapid. accunte and convenient lechni"l~ for
aligning muiti-llage ....idt·band IF amplifins
u$ed in radlr, FM and "IV systmtS ,,"-ted
the need for the s...·~ping oscillator as I

bbor:nory and production 1001.
Although many sweeping oscilb.IOrs ha\'('
~ <Kv('loped for this purpose, il has bttn
fdt Ihat in gmeul no one instrum~nt incorp.
orated all of th~ desirable features, such as
good c~nt~r rre<iuency stability, adequate
shidding, Aat high.level output, precision.
ca!ibrat~d attenuator for operation in th~ low
microvolt region, low sw~~p rat~, satisfactory
marking system, and ability to Op<"rate as a
CW signal generator.

NATU RE OF SWEEP
FREQUENCY METHOD

To,get a physical picture of IIOw the sweep
method works, consider a si,gnal whose fre·
'lUl'f1cy is periodically varied (or swe~) .
about .. c~nt~r frequency at a slow repetition
rate. Ar a c~rtain inSlant of ~;l(h swrcp cycle.
th~ inSlantaneoUS frequency. i.e. the rat~ of
dun~ of phase- angle, (lasses a «ttain value.
The signal can be rons"l~red 10 be a singl~

fre<iUCUCJ' equal to the insuntantOUS fr~·
qucncy ovu a snort inteo'al of time around
that ~rticular Instant of each cycle.

Now the response: of the ner:...·ork under
teM will be the steady stat~ repome at the
instantaneous frequtn<y plus a transient term.
lf the network is nol: highly fr~qucncy sensi.
ti«, i.~., low Q. its steady.state response
changes gradually with fr~quen0'. H~nce, th~

transient term will have small amplitude and,
furthermore, it dies down quickly.

When the rate of frequen0' change is low,
the time interval over which the frequen0'
can be considered constant is appreciable and

enough time will be allo...·w. fOI the transients
to die down. In short. in low Q c1fC\liu with
low rates of frequency change, the transient
1ctr1l will be small and thttefol~ the response
...·hile s",~ing IS a dose approJlimation of
the steady Slate rC$ponse. This is !he basis of
the sweep frequency method.

SYSTEM REQUIREMENTS

Before beginning the detailed development
of a sweeping signal generator it is wise to
cardully consider each of several funda
mental and inter·rdated problems inherent
in all such devices. The first, of course, is to
decide on the most practical m~ans for sweep
ing frequency in a linear fashion with suffi·
citnt controllability and S1ability 10 satisfy
both wide and narrow band requirements.

Providing adequate i)Olation brtwecn lhe
gmcraror and lhe load with constant ampli.
tude hlgh.l."c1 OUlput and low diSlortion ue
inter-relatw. rroblems made difficult by the
desirability 0 • broadband. unwnw. output·
buflu sptem.

It is often ~rroneouslya.ssumcd lhat a high
order of fr~uencystability is not essential in
a sweeping device, because the frC<juen0' is
constantly changing and some form of pre·
cision marker is always us<d to determine the
exact frequency location on the displ~y pat·
lern. Good frequency stability has been found
to tY.- quite essential. ho"·ever, to avoid jitter
in the dispby of narro.... band swrcps. for
zero sweep or CW appliotions. and for
pro~r ,denhfication of markers by means of
an accurately calibrate.! center.frequency dial.
A fundmlental problem aists in auempting
to aruin good rlC<Jucr>C)' stabilIty in a s...ttp
generalOr s"x~ the pa.r:lr1Wler USl"d for sweep
ing is usually unstable by natur~ and there·
fore must be pmtected from extraneous efleets

YOU WILL FINO •• ,
AudioF~r Q MeoS~lMIl'S •. poge S

A S'ondord RF Si9nol 01 'I.e
On_ Microvolt L.evel .. poge 6

Edito,'s No'• .............................. poge 7

INDEX pall" 8



B 0 ONTO N RA DIO C 0 RPO RA T I  0 N 

T H E  BRC N O T E B O O K  is published 
four times a year by the Boonton Radio 
Corporation. I t  is mailed free o f  charge 
10 scientists, engineers and other inter- 
ested persons in the conmunications 
and electronics fields. T h e  contents may 
be reprinted only  with written permis- 
sion f rom the editor. Y o u r  comments 
and ruggestions are welcome, and 
.rhould be addressed to:  Editor, T H E  
BRC N O T E B O O K ,  Boonton Radio 
Corporation, Boonton, N .  I ,  

such as temperature, voltage and current vari. 
ations, magnetic fields, vibration, hysteresis 
etc. 

Another problem is that of providing ade 
quate identification of all significant frequen 
cies under test. A continuously variable 
marker frequency cannot be generated having 
the crystal-controlled accuracy often required. 
Although it is sometime possible to use spe- 
cial crystals ground to the specific frequencies 
required for a particular test, this procedure 
is impractical for a general purpose, con- 
tinuously-tuned sweep generator. It is also 
quite difficult to set up a system of multiple 
crystal-controlled markers that permits iden- 
tification of marker frequencies anywhere in 
the spectrum. The number and spacing of 
markers is of extreme importance as too many 
will be hard to identify at high frequencies 
and too few will not provide sufficient accu- 
racy at low frequencies. 

METHODS FOR GENERATING 

DEVIATIONS 
There are several methods commonly used 

for generating wide frequency deviations in 
sweeping oscillator circuits. These may be 
divided into two groups; one consisting of 
the mechanical methods of driving a capacitor 
or inductor by means of a motor, vibrator or 
speaker coil, and the other group consisting 
of all electronic variable-frequency devices 
such as reactance tubes, klystrons, saturable 
reactors, and ferroelectric capacitors. None of 
these is ideal in every respect, each method 
having definite advantages and disadvantages 
as listed in Table I. 

BROAD - BAND FREQUENCY 

IDENTIFICATION 
OR MARKING FREQUENCY 
The fundamental problem confronted in 

frequency identification or marking is to indi- 
cate or mark the instant at which some vary- 
ing frequency signal passes a certain value, f,. 

The two cases 1. fk  = o 
'2 .  f, * 0 

are distinctly different and will be discussed 
separately. 

This i s  the zero beat case. 
The varying or swept frequency is beat with 
a fixed reference frequency to obtain a differ- 
ence frequency as observed on an oscillo- 
coincidental with the reference frequency, the 
difference frequency becomes zero. The differ- 
ence frequency as observed on an oscillo- 

1. fk  = o 

SWEEP 
METHOD 

Mechanical 
Devices 

Reactance 
Tube 

Saturable 
Reactor 

Klystron 
Beat 

Method 

TABLE I 

ADVANTAGES 

High Q at all frequencies. 

High output possible (with- 
out buffer stage ). 

Workable over wide range of 
output frequencies. 

Wide sweep range. 

Good stability and accuracy. 

Non-microphonic. 

Linear sweep. 

Wide sweep range. 

Good stability and accuracy. 

Non-micr ophonic . 
Linear sweep. 

Wide sweep range. 

Workable over wide range of 
output frequencieb. 

Linear sweep. 

Non-micr ophonic . 
Ferroelectric Non-micr ophonic . 

Linear sweep. Capacitor 

DISADVANTAGES 

Microphonism causing 
frequency jitter. 

Non-linear sweep. 

Mechanical maintenance 
problems. 

Limited to narrow sweep at 
low frequencies. 

Low Q at high frequencies. 

Susceptahle to AC magnetic 
fields. 

Hysteresis effects. 

Frequency jitter. 
Low output. 

Poor accuracy at low freqs. 

Excessive temperature Coeff. 

Low Q. 
Hysteresis effects. 

scope has a characteristic notch, when the 
difference is zero, which unfortunately is 
quite wide and jumps up and down due to 
random phase relations. Thus it is rather 
difficult to derive some triggering signal at 
the instant of zero beat to initiate a mark. It 
has been done by using the sum of squared in- 
tegrals of quadrature zero beat wave forms.1 
The circuitry used is by no means simple. 
However, if the zero beat wave form is dis- 
played on an oscilloscope, its center, i.e. the 
instant of zero beat, can be located quite 
accurately with the minimum amount of cir- 
cuitry. 

In this case, we do not use 
the characteristic zero beat notch. However, 
the response of a frequency-sensitive network 
to the varying, or swept, frequency signal 
can be used to initiate a mark. The sweeping 
frequency will produce a given difference 
frequency twice; once as it approaches the 
reference frequency and again as it recedes 
from the reference frequency after going 
through zero beat. The problem is of the same 
general nature as detection of an FM signal, 
but the rate of frequency change encountered 
in sweep frequency technique is usually much 
higher and FM detection concerns chiefly 
change of frequency while here the actual 
value of the frequency is of importance. 

Different methods fall into two general 
categories: 

(a) Frequency marked by a maximum or 
minimum response.-The absolute level of 
response is therefore not important. The main 
difficulties with this are: 

(1) Shift of envelope peak due to rate of 
frequency sweep.-The network used must 
be highly frequency sensitive in order to get 
a sharp peak. This very feature, however, 
leads to a shift of the peak when swept, which 
results in inaccuracy. Furthermore, this shift 
is not constant. It depends not only on the 
rate of sweep and sweep width, but also on 
the direction of frequency change. The pro- 
cess of deriving a trigger from the peak re- 
sponse also introduces some additional in- 
accuracy, especially if the peak is not very 
sharp. 

( 2 )  It would be difficult to design a trig- 
ger circuit which would handle a wide range 
of amplitudes from the frequency sensitive 
circuit. 

( 3  At a low rate of frequency change or 
for a narrow sweep width it may be difficult 
to get a high enough Q to give a sharp peak. 

(4) Any envelope detector will add an ad- 
ditional delay in the marker display. 

(b)  Frequency marked by a reference 
amplitude of response of a frequency sensi- 
tive network: 

The problems encountered are: 
(1) A network of high selectivity is need- 

ed to obtain sensititivy and resolution; this 
feature introduces undesirable effects due to 
the sweeping rate. 

( 2 )  The performance or accuracy of the 

2 .  f, f o 

~ 

1.  D. Sunstein and J. Teller, ,"Automatic Cali- - 

i/ 
brator for Frequency Meters". Electronics, vol. 
17, May 1944. 
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METHODS FOR GENERATING
BROAD· BAND FREQUENCY

DEVIATIONS
There are se"eral methods commonly used

for gener:uin$ ...·,de frequency deviations in
swrepong OK,llator cil'(\liu. The5e may be
dIvided into t"'O groups; one consiiling of
the mtthanical methods of driving a capacitor
or inductor by means of a motor, vibrator or
speaker coil, and the other !jroup consisting
of all d«tronic variable.frt<juency devices
such as reactance tubes. klyMrons. saturable
reactors, and ferroelectric capacitors. None of
these is ideal in ('\'ery respect. each method
hiVIng definite adv.nugrs and disadvantages
as liSle<! in Table I.

$COpt' has a chat'.1.Cleristk not:ch. whm ,he
differ.....e i$ uro, ...·hich unforlunately i$
<iune wide and jumps up and down due to
random phasr rclatoons. Thus it is ralhe,
dIfficult to ckrive SOlI'IC triggering signal at
t~ instant of zero beat to initiate a nu.k, It
has been done by usil'lg the: sum of SC\uared in·
tegra.ls of qU<ldrature zero beat wave formS,1
The: cil'(\litry used is by no means simple.
How('\'er, if the zeto heat wave fo.m is dis·
played on an oscilloscope. its center, ;,e. the
mstant of zero beal. can be located quite
accurately with the minimum amoulli of cir·
cuitry.

2. f. ::1= 0 In this case, we do not use
the dU.t'.1.CIc.istk zeoro beat notch. However,
the response of a fre<juency.sensilive IK'two,k
to ,he "Irying. or s ept, frequency signa.l
can be used to ,Mille mark. Tht s....eeping
freq~ will produce a gi"en difference
frequmcy twice; Ofl(e IS il approad>es the
reference frequency and again u it recedes
from the: reference frequency afler going
through U'1O beat. The- problml is of the same
gene.a.1 nawre as detection of an FM signal.
bm Ihe rate of fre<juency change encountered
in sw~p fr«juency tcchni<iue is usually much
higher and FM dettt:,ion concerns chieAy
change of fr«juency while here the actual
value of the frequency is of importance,

Different methods fall inlo two general
catcgories:

(a) Frequency marke<! by a nuximum or
mimmum response.-The absolute le\'el of
response is therefo.e no! important. The nulTl
dif!icubies with this are:

(1) Shift of en"elope peak due to rate of
frequency s.....rep,-1"llt neI ...'Otk used must
be highly frequency Sot'osi,ive in order to get
a sharp pnk. This very feature, ho...·t'\~r.
leads to a shift of lhe: pnk ...·ben swept, which
mults ITl maccuracy. Funhennore, th,s shift
1$ TlOI rorutant. It depends not only on the
rate of s...·rep and sweep .... idth. but alilO on
,he dire«lon of fr«r,uency change. The pro
cess of deriving I tngger from the peak re
sponse also introduces iIOme additional in·
accuracy, especially if the peak is not very
sharp.

p) It would be difficult to design a trig.
ger circuit which would handle a wide unge
of ampliludrs from the frequency sensil",e
circuit.

(3 At a low .ate of frequenc)' change or
for a narlO"" s...'rep ",jdth it may be difficult
'0~ a high enough Q to gi'-e a shad p<ok.

(4) Any envelope detector will ad an ad·
ditional delay In the nurlm display.

(b) Frequency nurked by a reference
amplitude of response of a. frequency sensi·
t,ve net'A'orlr;

The problems mcountere<! are:
( I) A net....ork of high select;vity is nred·

ed to obtain sel'lsltitlvy and resolution; this
(('"..ture introdU(es undesirable efleas due to
the swreping .ate.

(2) The performance or accuracy of the

I. D. Sunl\eln and J. T.Il••• ""Automatic Cali·
hrator for F,equ....cy Met ...... EI«t.onics, _oJ.
17. May 19H,

DiSADVANTAGES

Llmlled 10 I1llI"r"", .....eep It
low fr"'lucocle •.

Mlcropbonl.m """"'1
IrequcDC)' Jiller.

Non-lllMa' Iweep.
Meehanlc.l malnte...noe
probleml,

Low Q .t Il1p frequeaclCI.

SwloepI.abloe 10 AC IDI&""Uc
ficlda.

H"UN!I" eUec:IlI.

Fl'equeDC1 JlIr.er.
Low OUlpUl.
Poor Iccurae)' It 1_ rr~.

Exoe..lv.. temperawre Coell.
Low Q.

Hyaterella effecr..

IDENTIFICATION
OR MARKING FREQUENCY

The fundamenlal problem COIlfronted in
frequency ,dmfl/ka"on or marking is to indio
ca.te Or mark lilt inilolllt :at which some vary.
rng frequency SIgnal pUSl'5 a certain ''3lue, f•.

The- t ...·o ca.scs I. {~ = 0

2.fk +,0
are distiocrly different and will be discussed
separately.

l. f. = 0 Th;~ is the zero beat case.
TIll< varying or swept frequency is beat with
a fixed reference fre<jucney to obtain a differ·
ence frequency as observed on an oscillo·
coincidental wilh the reference f.equency. the
difference f.t<juency becomes zero. 'fhe dd:rer
enee fK'<Juency as obser-'ed on an OK,lIo-

Wide $We<:'p rlJlP.

Workable (Wfi" ..Ida r&IIP of
Wtpul fr eDCle~.

LIDCar s eep.

Non-",icrophoftlo.

Hllb Q at all frequeoelu.

H1I11 oulput ~Ilbll (..llb
OUI buffer .tagel.

Wo.kable over wide r.nge of
OUlput frequem:le•.
Wide .weep range.

ADVANTAGES

Non-mlCl'"ophonte.

Lh'..ar .....,..p.

Good .tablllty IUld acc,u·.ey.

NOOl-mleropbonle.

Linear .weep.

Wide _p r~.

Good "tabilily ud accuracy.

NOIl.~l\'!lcropbarlic.

Llrooar ..eep.

TABLE t

SWEEP
METHOD

Ferroeleetrlc
Capacitor

THE BRC NOTEBOOK II pMb/uh,d
/011' li",n II J,tn J" 1M BtXI1IIOI1 RtUi,o

CO'~'tI1~OI1. 11 il mmld I"~, 0/ ,hart'
ID 1"'1111111, ,/Itlll,nl 1111I/ Dr}", il1ln.
'II,d P",SDI11 III Ih, CDmmIlJl/,III,DJlI
lI"d ,lu"D/l1t1 ji,ld,. l'h, CDul'lIl1 mil]

b, ,'p,il1l,J Dilly uwh 1111'111", ptrm;'.
/I(m /,om Iht ,dllo" Y ONr (o"mJtnl1
'lIId lNgguliolll art 1I',komt, dlld
JhotlfJ b, addrnlld /0.1: &Ii{or, "(HI:
nRc NOTEBOOK, 800"lon Rpd,o
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such IS temperlturt'. volll$.e Ind current V2ri·
atlons. magnet,c fields. v.brltion, hysteresis.
K<.

AlHX~r problml 's lhlt of providing Ide.
qu.ue idem,ficatlon of III signifiC'am f""!uen.
cteS unckr I~. A conlinuously nnable
marker frequency canfl()( be genente<! hiving
the crySlal-«>ntrolled KC\lracy of1m .equired.
Although it is iIOmetlrne po",ble to use spe
cial crystab ground '0 the specific f.equencies
re<jutred for a parhcular test, this procedure
IS Impractiul for a general purpose, con·
unuously.tuntd swrep generatOr. It is also
qUIte d,fficult to Set up a system of mulliple
crystal.control]eJ markers that permits iden·
tification of marker fr«juencies anl,,,'here in
the specttum. The number and spacing of
markets is of extreme importance as too many
will be hard to .dentify at high fre<juencirs
Ind too fe.... will not prO>'ide sufficient aC('lJ·
DC)' at low fK'<Juencirs.
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system will depend very much on the stability 
of the frequency sensitive network and also 
on the performance of the amplitude com- 
parison circuit used to initiate the marker. 

The frequency markers may form a fixed 
scale with a mark appearing at 5 mc or 10 mc 
spacings or there may be a variable marker 
which can be set at any specific value of fre- 
quency. For a fixed scale, it is desirable to 
have a choice of marker spacings to fit differ- 
ent sweep widths. The output indications 
super-imposed on the response curve may be 
zero beat signals between sweep and reference 
signals (usually referred to as “birdies”), 
short pulses, or intensity modulation of the 
scope. In this respect, the “birdie” markers 
have the drawback that they tend to confuse 
the display more than the other methods do. 

The signal whose frequency is marked can 
either be the input or the output from the 
circuit under test. In the latter case, the 
possible wide range of variation of output 
amplitude poses a difficult problem for mix- 
ing. Also the R.F. output may not be easily 
accessible without disturbing the system under 
test. It is therefore generally desirable to 
sample the input signal for marking. 

Markers are not labeled directly in fre- 
quency, and therefore a positive and con- 
venient way to identify a mark is of im- 
portance. 

SYSTEM DISCUSSION OF 
SWEEP SIGNAL GENERATOR 

- 

TYPE 2 4 0 - A  
Having discussed the various aspects of 

sweep frequency measurements we will de- 
scribe the BRC Sweep Signal Generator Type 
240-A and indicate various techniques em- 
ployed to satisfy the essential requirements. 

Referring to Table I, it becomes apparent 
that the saturable reactor system offers many 
advantages for attaining the required wide 
linear sweep with good frequency stability 
and accuracy at frequencies below 150 mc. 
Although the low Q limitation of the best 
commercially available ferrite material suit- 
able for high frequency use was found to be 
quite severe, a satisfactory oscillator was de- 
veloped utilizing two high Gm triodes (type 
5718) in a push-pull Colpitts circuit. Suffi- 
cient output with good waveform was thus 
attained under this low Q condition without 
exceeding plate dissipation ratings. 

The R.F. Section of the Generator is shown 
in the photograph in Figure 2 and the block 
diagram in Figure 3 .  Center frequency tun- 
ing of the Sweep Oscillator is accomplished 
by means of a split stator capacitor in con- 
junction with a band selector switch for con- 
necting any one of five saturable reactors. 
These reactors are driven by a specially shaped 
saw-tooth current developed and stabilized by 
the sweep circuitry. The problem of 60 cycle 
field modulation of the ferrite reactor by the 
power supply was solved by use of double 
magnetic shielding plus proper location and 
phasing of the power transformers. The re- 
sulting hum modulation was thus reduced to 
less than 0.001C/c of the carrier frequency. 

- 

U 

Figure  2. T h e  T y p e  240-A RF Head.Switched saturable reactor windings, tuned by a 
var iable  air capacitor,  control the 4.5- 120 MC frequency of the oscil lator.  T h e  swept 
frequency signal is monitored for f latness at  the output of the buffer and for level  at 
the  continuously var iable  and the step attenuators. Special  shielding, f i l ter ing,  and 
grounding keep stray leakage a t  a low level .  
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Figure  3.  B/ock Diagram - RF Uni t  
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system will depend very much on the stability
of the frequency sensitive network lind also
on the performance of the amplirude com-

""--'" parison circuit used to initiate the marker.
The f re<J.uency markers may form a fixed

scale with a mark appearing at ~ mc or 10 me
spacings or lhere may be a variable marker
which can be set at any specific value of fre·
quency. For a fixed scale, it is desirable to
have a choice of marker spacin,gs to fit differ
ent sw~~p widths. The OUtput indications
super-imposed on the response curve may be
zero beat signals bttw"en sweep and reference
signals (usually referred to as "birdies"),
short pulses. or intensity modulation of the
s<ope. In this respect, the "birdie" markerli
have the drawback lhat they tend to confuse
the display morc than the other methods do.

The signal whose (re'Juency is marked am
either be the input or the OUtput from the
ci{(uit under test. 10 the lauet case, the
poS5ible wide range of variation of output
amplitude poses a difficult problem for mix
ing. Also the RJ'. output may not be easily
acn·ssible wi/hout disturbing lhe system under
test. It is therefore generally desirable to
sample the input signal for marking.

Markers are not labeled dire<tly in fre·
qllency, and therefore a positi,'e and can·
venient way to identify a mark is of im·
portance.

Figure 2. Tire Type 240-A RF Head. Switched saturable ,eoetor windings, tuned by a
variable air eapaeifor, eont,o/ the 4.5·120 Me I,f>queney 01 the asciI/ala'. Tire swept
frequeney signal is monitored lor flatness 01 the output of tire buller and for level at
the continuously vo,iable and the step attenuatars. Special shielding, filtering, and
grounding keep stray leakage 01 a low level.

u,

Figu,e 3. Glock DiQgrom-RF Unit
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SYSTEM DiSCUSSION OF
SWEEP SIGNAL GENERATOR

TYPE 240-A
Having discussed the various aspects of

sweep frequency measuremenh we will d('.
scribe the llRC Sweep Signal Generawr Type
24Q·A and indicate various w:hniques em·
plo)'ed w satisfy the essential requirements.

Referring to Table I, it becomes apparent
that the saturable ruetor system offers many
advantages for attaining the r<:<juired wide
linear sweep with good frC<.juency stabililj'
and ~cc"racy at frequencies below DO me.
Although the low Q limitation of the best
commerciall)' available ferrite material suit.
able for high frC<.juf'ncy use ..... as found to be
quite severe, a satisfactory oscillator was de.
veloped utilizing IWO high Gm triodes (type
HIS) in a push.pull Colpitt! circuit. Suffi.
cient OUtput with good waveform as thus
attained under this low Q condition ;thout
exceeding plate dissipation ratings.

The R.F, Section of the Generator IS shown
in th.. photograph in figure 2 and the block
diagram in Figure 3. Center frC<.jueney lun·
ing of Ihe Sweep Oscillator is accomplished
by means of • split Stator capacitor in con·
junction with a band selector switch for con
necting anyone of five satunble reanors.
These reactors are driven by a specially shaped
saw·tooth current developed and stabilized by
the sweep circuitry, The problem of 60 cycle
field modulation of the (errite r.-actor by the
pown supply was solved by us<: of double
magnetic shieldin,g plus proper location and
phasing of the power transformers. The re·
suiting hum modulation was thus reduced to
less than 0.00"1, of the carrier frequency.
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Figure  4. Block Diagram -Marker System. 

The hysteresis effect in saturable reactors 
can be extremely serious in some designs, 
causing erratic frequency changes by as much 
as 50% each time the bias current and sweep 
voltage is applied to the system. It was found 
that this effect could be reduced to tolerable 
levels of less than 1% by proper choice of 
magnetic material in the reactor yoke assem- 
bly as well as the ferrite material used for the 
reactor itself. Proper design of switching 
circuits to eliminate transients also proved 
effective in reducing erratic hysteresis effects. 

A grounded-grid 6BK7A buffer-amplifier 
follows the oscillator to reduce the effects of 
output impedance variations and AM modula- 
tion on oscillator frequency. Following the 
buffer stage is a shunt crystal diode modulator 
capable of providing 30% audio modulation 
from a low power 12AU7 RC oscillator. 

The swept RF output is monitored by 
means of a full wave crystal diode peak-to- 
peak rectifier circuit that delivers to the con- 
t r d  amplifier a DC voltage proportional to 
the fundamental RF level. The difference 
voltage between this rectifier and a stabilized 
DC reference voltage is amplified by a high 
gain DC amplifier to provide control of the 
oscillator plate voltage through the 6AQ5 
series control tube. The resulting sweep flat- 
ness does not vary more than 0.7db as meas- 
ured on a bolometer bridge. T o  permit audio 
modulation under C W  conditions the AGC 
loop is opened up as indicated in the block 
diagram Figure 3 .  

The output attenuator system consists of a 
continuously variable 0-10 db pad for adjust- 
ing the RF voltage at the input to a ladder 
type step attenuator having 10 steps of 10 db 
each. The output level is thus continuously 

adjustable by utilizing the R.F. Level Meter 
to interpolate between. the 10 db steps of the 
step attenuator. The attenuator dial is cali- 
brated to show the RF output in terms of full 
scale meter reading in either volts, millivolts 
or microvolts as attenuation is increased. 

The Sweep Signal Generator Type 240-A 
has a linear frequency sweep of triangular 
wave form. The Sweep Width Control 
changes the frequency excursion symmetric- 
ally above and below the center frequency 
which remains constant at the value set OR the 
continuously tuned dial. In order to extend 
the use of ‘the signal generator to more fre- 
quency-sensitive networks, the sweep rate is 
made variable from 70 cps down to 20 cps. 

A variable-frequency multivibrator pro- 
duces a square wave which is integrated to 
give a triangular wave. This triangular volt- 
age waveform is made available through the 
sweep circuit amplifier for producing deflec- 
tion on the oscilloscope horizontal axis. The 
same triangular voltage is amplified and 
shaped by three diodes to develop the re- 
quired current waveform necessary to obtain 
a linear frequency sweep. During the de- 
creasing frequency portion of the sweep, the 
r.f. oscillator output is reduced to zero to 
provide a zero level reference line. Provisions 
are also made so that the sweep circuit can be 
driven from an external source. 

For frequency marking, the zero beat type 
marker system was adopted not only because 
of circuit simplicity, but also because of its 
good accuracy. (See Figure 4.) The problem 
of avoiding confusion of display due to the 
presence of too many “birdie” (zero beat 
type) markers is uniquely solved by provid- 
ing two movable pips (short rectangular 

pulses) which can be set anywhere on the 
pattern in reference to the birdie markers 
which can then be turned off leaving only 
two clean pip markers. 

The harmonic generator generates a fence 
of crystal-controlled reference frequencies 
with a choice of spacings; 2.5 mc., 0.5 mc or 
0.1 mc. The sweep signal beats with the refer- 
ence fence, giving birdie markers at the same 
spacing as the reference fence. The swept 
signal sample is taken at constant level from 
the buffer stage following the oscillator. 

The movable pip markers are generated by 
a monostable multivibrator which is triggered 
by two adjustable delay multivibrators. The 
two delay circuits are themselves triggered by 
a pulse from the multivibrator in the sweep 
circuit. The time delays, and hence the pip 
marker positions, therefore, both have the 
begining of each sweep as reference. The 
calibration of the CW frequency to an accu- 
racy of k 1% provides a satisfactory way of 
identifying the frequency markers. 

CONCLUSION 
A sweep frequency signal generator has 

been developed possessing many desirable 
features heretofore unavailable in a com- 
mercial instrument of this type. These include 
a high order of frequency stability, continuous 
center frequency adjustment from 4.5 to 120 
mc, wide range of sweep width in conjunc- 
tion with variable sweep rate, good linearity 
and constant amplitude high level output with 
good isolation between oscillator and load. 

Additional features include ability to oper- 
ate as a well-shielded CW signal generator 
with AM modulation and precision output 
voltag- calibration down to 1.0 microvolt. 
Last, but not least, is a self-contained marker 
system providing a versatile display of crystal- 
controlled beat type markers and two movable 
pip markers, thus offering the unique com- 
bination of very accurate marking, a clean 
display, and easy identifieation. 
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CONCLUSION

pulses) which can be set anywhere on the
pattern in referenct> to the birdie markers
which can then be turned off leaving only
two dean pip markers.

TIle harmonic generator generales a fence
of crYStal-controlled reference frequencies
with a choice of spacings; 2.5 mc., 0.5 me or
O.t me. The sweep signal beats with the refer
ence fence, giving birdie markers at the same
sfacing as the reference fence. The swept
SIgnal sample is taken at conSlant level from
the buHer stage following the oscillator.

The movable pip markers are generated by
a monostable multivibrator which is triggered
b)' two adjustable delay multi"ibrators. The
two delay circuits are themselves triggered by
a puIs.<' from the multivibrator in the sweep
circuit. The time delays, and hence the pip
marker positions, therefore. both have the
be,gining of each sweep as reference. The
calibration of the CW frequency to an accu·
racy of ± I '7c provides a satisfactory way of
identifying the frequency markers.

OSCOPE
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Fi9ure 4. Block Diagram-Marker System.

The hysteresis effect in s~turable reactors
can be extremely serious in some designs,
cau.sing erralic frequency changes by as much
a.s 507-- each time the bias current and swe'1'
voltage is ~ppJied to the system. It w~s found
that this effect could be reduced 10 tolerable
levels of less than l',if by proper choice of
magnetic material in Ihe rea(for yokl' assem
bl)· as well as the ferrite material used for the
reactor itself. Proper design of switching
circuits to eliminate transients also proved
effeaive in reducing erratic hysteresis efleas.

A grounded-grid 6BK7A buffer.amplifier
follows the oscillator to reduce the effects of
output impedance variations and A.M modula.
tion on oscillator frt'quency. Following the
buffer stage is a shunt crystal diode modulator
capable of providing 30¥(- audio modulation
from a low power t2AU7 RC oscillator.

The swept RF output is monitored by
means of a full wave crystal diode peak-to
peak rectifier circuit Ihat delivers to the con
tnil amplifier a DC voltage proportional to
the fundamental RF level. The difference
'·oltage between this reclifjer and a stabilized
DC rderence voltage is amplified by a high
gain DC amplifier to prOVide control of the
oscillator platO' voltage through the 6AQ5
series control tube. The resulting sweep flat_
ness does not vary more than 0.7db as meas·
ured on a bolomeler bridge. To permit audio
modulation under CW conditions the AGC
loop is opened up as indicated in the block
diagram Figure 3.

The Output attenuator system consists of a
continuously variable 0-10 db pad for adjust
ing the RIO voltage at the input to a ladder
type step atlenuator having 10 steps of 10 db
each. Thl" oulPUt level is lhus continuously

adjustable by utilizing the R.F. Level Meter
to interpolate betwe<>n the 10 db steps of the
step attenuatar. The attenuator dial is cali
brated to show the RI' output in terms of full
scale met(-r reading in either volts, millivolts
or microvolts as attenuation is increased.

The Sweep Signal Generator Type 240· ....
has a linear fr""luency sweep of triangular
wave form. The Sweep Width Control
changes the frequency excursion symmetric·
ally above and below the center frequency
which remains constant at the "alue set otlthe
continuously tuned dial. In order to extend
the use of the signal generator to more f reo
qucncy-sensitive networks, the sweep rate is
made variable from 70 cps down to 20 cps.

A variabl.,.frequency multivibrator pro·
duces a square wave which i~ integrated to
give a triangular wave. This triangular ,·olt·
age wa,·eform is made available through the
lweep circuit amplifier for producing deflec·
tion on the oscil1oseope horizontal axis. The
same triangular voltage is amplified and
shapeJ by three diodes to develop the re·
quired current waveform necessary to obtain
a linear frl'qul'ncy sweep. During the de
creasing fr<:quen'}' portion of the sweep, Ihe
d. oscillator output is reduced ta zero to
provide a zero level reference line. Provisions
arc also made so that the sweep citcuit can be
driven from an external source.

For fr""luency marking, the zero beat type
marker system was adopted nO! only because
of circuit simplicity, but also because of its
good accur:acy. (See Figure 4.) The problem
of avoiding confusion of display dul." to the
presence of too many '·birdie·· (zero beat
type) markers is uniquely solved by provid.
ing two movable pips (shorl rectangular

It. sweep frC<juency signal generator has
been developed possessing many desirable
features h<'retofore unavailable in a com
mercial instrument of this type. These include
a high order of ffl'qucncy stability, continuous
center frequency adju.stment from 4.' to 120
me, wide range of SWc<:p width in conjunc
rio" with variable sweep rate, good linearity
and constant amplitude high level output with
good isolation between oscillator and load.

Additional features include ability to oper
ate as a well·shielded CW signal /,"Cnerator
with AM modulation and precision output
voltage calibration down to 1.0 microvolt.
Last, but not leaSl. is a self.-<ontained marker
system providing a versatile display of crystal
controlled beat type markers and two movable
pip markers, thus offering the unique com·
bination of very accurate marking, a dean
display. and easy identification.

THE AUTHORS

Chi L"ng Kong was graduaT.d f,am ChiaaT"n!!
Uni~.uiTy In Shanghai in 1945 with a BS de
gree in ME and was award.d deg,ee. of MS in
ME, MS In EE, and Ph 0 in EE in 1948, 1949
and 1951 ,esped;~lIy from th. UniversiTy 01
Illinoi •. Dr. Kong joined Boonton Radio Car.
poraTian in 1951 a. a D.v.lopmenT Engln....r.
Ho has bo..n acTiv.. in analy.i. and ..xpe';_
montal work in connecrlon wiTh Glid.. Slope
G.n.,alar•. The Q Stondord and the Sweep Sig"
nal Generatar Typo 240-A and othe, technical
develop....nt work. He was pa'Tlcularly can
c..rned wiTh 'Th.. frequency idenTification .yst.m
"ud in The Sweep Sign,,1 G..ne,aTor described
here.

Far biographical material on John H. Menni ""
page 4 of Th.. Sumrno, 1954 i...... N... mb 2 of
Th.. Notebook. "".. Manni. was parTic larily
cance,ned WiTh .we.p circ"iT. and lh.. RF see
tion of the Sweep Signal Generat", Type 240-A,

-4-



U 

ii 

THE NOTEEOOK 

Audio Frequency Measurements 
ing 50 kc. Fig. I1 indicates the signal volt- 
age requirements within the frequency range 
of the Couoline Unit. 

I Y  

E, Low Frequency Q Voltmeter 
Using The Coupling Unit Type 564-A 

F i g u r e  1. T h e  Coupling Uni t  T y p e  564-A mounted on a Q Meter T y p e  260-A. 

The voltage injection and Q-measuring cir- 
cuits of the Q Meters Type 160-A and Type 
260-A will perform satisfactorily at frequen- 
cies well below the lower limlt of 50 kc pro- 
vided by the self-contained oscillator. 

Since the impedance of the thermocouP1e 
circuit is quite low (0.3 ohms in the Q Meter 
Type- 260-A), it is often inconvenient to 
locate a Source of audio-frequen'Y voltage 
having a low enough output impedance to 
supply the current required to drive the Q 

fasten the unit to the Q Meter at this point 
by means of the drilled base flange, as shown 
in Flg. 1. 

E. Connection 
1. Set the frequency range indicator mid- 

way between any two ranges (i.e. be- 
tween detents). 

2. Remove the small panel on the rear of 
the Q Meter cabinet. 

1 Disconnect the local oscillator bv remov- 

Correction 

The Q-indicating voltmeter circuit of the 
Q Meter has been bypassed in order to pro- 
vide optimum performance at frequencies be- 
tween 50 kc and 50 mc. For this reason the 
response of the voltmeter to low audio fre- 
quencies is not flat, and a correction, indicated 
in Fig. 111, must be applied to 
Q or LO Q reading to obtain 
value of indicated Q. 

F. Use With Q Meter Type 160-A 

with the Q Meter Type 260-A, the 
Unit may be used with the older 
Type 160-A if the following req 
are observed: 

Although designed primarily for operation 

1. The auxiliary oscillator used must have 
a maximum output of at least 30 volts. 
Input voltages higher than thos2 indi- 
cated in Fig. I1 will be,jFquired. 

2. An adapter must be p q  ared to permit 
connection of the Coupfng Unit output 
to the phone jack on the top of the Q 
Meter cabinet. Such an adapter may con- 
sist of a standard phone plug and a 
UG-291/U receptacle, connected by a 
short length of RG-58/U cable. 

Mkfe; injection circuit: 
To overcome this restriction BRC now 

offers the Coupling Unit Type 564-A which 
makes feasible Q measurements in the fre- 
quency range of 1 kc to 50 kc. This unit con- 

5 1 5  P 
tains an impedance-matching transformer 
whose response varies less than 2 db over the 5.  T~ avoid measurement from leak- $0 

above frequency range. age into the measuring circuit, connect , 
When working into the 0.3 ohm imped- 

ance of the Q Meter Type 260-A injection 

to the output of the auxiliary oscillator. Any 
suitable commercial audio oscillator having 
a variable output of up to 22 volts may be 
used. 

The coupling transformer is mounte 
steel housing which may be fastened d 
to the top of the Q Meter cabinet. Two 
ing posts, one insulated from ground (red 
insulator) and one grounded inside the hous- 

ing the BNC type plug from the'injec- 
tion circuit receptacle, located near the 
top of the opening. 

4,  Attach the coupling Unit coaxial con., 
necting cable to the injection circuit 
receptacle. E 

the binding posts of the Coupling Unit 10 a with a length of SHIELDED CABLE, 

the output of the auxiliary oscillator to 

5 0  circuit, it presents an impedance of 500 ohms *' KILOEICLLI 

connecting the center conductor to the 
red and the shield to the black insulated 
post. (CAUTION: Turn voltage output 
of oscillator to zero before making this 
connection.) 

6. Select the desired frequency on the auxi- a 
liary oscillator, and increase the output 
voltage slowly until the Multiply Q By 
meter indicates XI. 

Figure 2. lnpuf volfage rewired for X I  reading 
on a Mulfiply Q BY meter, Over frequency range 
of Coupling Unit. 

120 

ing (black insulator), provide for the con- 
1 I5 

nection of the auxiliary oscillator output. A C. Measurement Procedure 
12 inch coaxial cable with a UG-88/U 
serves to connect the transformer sqco 

A. Mounting 

For low frequency measurement instruc- 
tions, refer to the Q Meter Type 260-A in- 

110 

to the Q Meter injection circuit. ' struction manual. 105 

I O  The Coupling Unit may be firmly mounted 
by fastening it to the top of the Q Meter 
cabinet. This may be done in the following 
manner. Facing the Q Meter, remove the 
left-hand Phillips screw from the row at the 
top rear of the cabinet. Using the longer 
screw supplied with the Coupling Unit, 

Input Voltage Requirements 
Because the response of the Coupling Unit 

varies sllghtly with frequency (largely be- 
cause of the capacitance of the output cable), 
the oscillator output voltage required to pro- 
duce a XI reading on the Multiply Q By 
meter will increase at frequencies approach- 

1 0  
FREPUENCY (KC) 

Figure 3. Low frequency corrections for indi- 
cated Q observed on Q Meter Type 260-A. 
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ing 50 Icc. Fig. II indicates the signal voh·
age rC'<J.uiremenls within the fre<.Juem:y range
of the Coupling Unit.

FI,u'e J. Lo... ',equency eo"ecrlo... 'Of I"dl.
cored Q .I>urveJ on Q M.,., Type 2&O_A.

FI,."e 2. Inpur yo/to,. requl.ed 10' Xl .ndln,
0" 0 Mufllply Q By _r.., ove, I,.,que"cy '0"9*
0' Coup/I", U,,;I.

F. Use With Q Metet Type 160-A

AlthouSh designed primarily for operation
with thC' Q MClet Type 260·A, thC' Coopling
Unit may be used with the older Q Mcter
Type t6O-A if the following re<:juiremC'nts
ate ohservoo:

I. ThC' allxiliary oscillator used mllst have
II. maximum output of .t least 30 volu.
Input voltages higher than those indi.
cated in Fig. II will be r.C'quired.

2. An adaprer must Ix prepared ro pcrmit
conncrtion of the CoupllOg Unit output
to the phone jack on the lOp of thC' Q
Meter cabinet. Such.n adapter may con·
sist of a standard phone plug and a
UG·291/U recC'ptacle, connected by a
short lcngth of kG-'8/U cable.

E. Low Frequency Q Voltmeter
Correction

The Q-indicating voltmeter circuit of thC'
Q Mcter has been bypassC'd in order to pro
vide optimum performaoce at freqllencie~ be·
tw~n '0 Icc and '0 me. For Ihis reason thC'
response of the vollmctC'r to low audio fre·
quencies is not Rat. and a COHlXtion, indicated
in Fig. llI, must bt applied to the observed
Q or LO Q rC'ading to obtain the (orrectc:d
value of indicated Q.

.~

r

C. Meosurement Procedure

For low frequency measurement iruitruc_
tions, refer to the: Q Meter Typc 26O·A in·
struction manual.

0, Input Voltoge Requirements

Because the resp?n5C' of t~ Coupling Unit
varic:s slightly WIth frequency (largdy be·
cause of the cap.citarn:e of the Output cable:) ,
the oscillator output voltage required to pro
duce a X I reading on the Multiply Q By
meter will increase at frequencies approach_

fasten the unit (0 tht Q Meter ~t this point
by means of the drilloo base flange, as shown
in Fig. I.

B. Connection
1. Set the frequency range indicator mid

way bctw«n any two ranges (i.c. bt
tween detents).

2. Remove rhe small panel on the rear of
the Q MetC'r cabinet.

3. DiKonned the local OKillator by rt'lJlO\'
109 the BNC type plug ftom the injec_
lion CIrcuit rKeptaclc, locatw near the
top of the openll\g.

... Attach the Coupling Vnit coaxial con·
nKting cable to the injection circuit
receptadC'.

,. To avoid measurement errors from leak_
age into the measuring circuit, connect
the output of the auxiliary oscillator to
the binding posts of the Coopling Unit
with ... lengtb of SHIELDED CABLE,
connecting thC' ctntC'r conductor to thC'
roo and the shield to the black insulated
post. (CAUTION: Turn voltage output
of oscillator 10 ~C'fO beforC' making this
conne<tion. )

6. Select the deslrC'd frequency on the .uxi_
Ii:H}' oscillotor, and ;ncrea5C' thC' output
voltagC' slowly until the Multiply Q By
meter indicates X I.

•

A. Mounting
The Coopling Vnit may be firmly mounted

by fastening it to the top of the Q Meier
cabinet. TIlis may be done in the following
manner. Facing the Q Meter, rtlTlOvt tht
left·hand Phillips Krew from tht row .t tht
top rear of the: cabinet. Using the: lonBtr
scrcw supplied. with the Coupling Unit,

Figure J. Til. Coupling Unit Type S64-A mounfed On 0 Q Met..r Type 260_A.

Audio Frequency Measurements

Using The Coupling Unit Type 564-A

TIl" ,·olta~.." injection and Q.rneuuring cir.
cuits of rh(' Q Melers Typr 160·'\ and Type
260·,\ will perform grisfaaolDy at {("quell'
ci" well ~low the 10"'('T limit of ~O kc pro
vided by the self-(onta;ncd os<:illator.

Sil\C(' the imped.llIce of the thermocouple
circuit is quite low (O,} ohms in the Q Meter
Typo': 260-'\), it is often inconvenient {O
1000te a SOurce of audio-frequency voltage
ha,-inE a low enough output impedance to
supply the current requir('Cj to drive the.' Q
Mtl'" injection circuit.

To o"crcome [hiS restriction aRC now
olfers thc Coupling Unit Type '64·"" which
mak~ (t:asible Q measur"mC'flts in the (re·
qUtory range of 1 kc to '0 kc. This unit con·
lains an impedance-matching lr:I,n~former

whose responsC' varies leu than 2 db o,'er the
above frequency range_

When working iOlO the 0.3 ohm imped.
ance of the Q Meter Type 260·A injection
circuit, it presents an impedance of '00 ohms
to the output of the .uxiliary oKillator. Any
suitable commercial audio oscillator having
a variable outpul of up to 22 volts may be
~d.

The coupling Iransformer is mounted in a
~tccl hOUSIng which may be fastened directly
to the 101' of The Q Meter cabinet. Two bind.
ing posts. one insulated (rom $tound (red
insulator) and onc grounded insllk the hous·
Ing (black insulator), provide for the con·
nection or the auxiliary oscillator output. A
12 inch roaxial cable with a VG.S8/V plug
servC$ to connect the trandormer se«Hldary
to the Q Meter injection circuit.
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A n  RF Voltage Standard 
Supplies A Standard Signal 

A t  A Level OF O n e  Microvolt 
CHARLES G. GORSS, Deve lopment  Engineer 

L 

t i g u r e  1 .  I he Kr yortage Standard T y p e  245-A. 

The sensitivity of a radio receiver is a well 
advertised feature, and properly so since it is 
one of the most important attributes of a re- 
ceiver. This sensitivity often is in the order 
of one microvolt or less, and the direct meas- 
urement of rf voltages at this level is seldom 
possible and never accurate. 

The generation of a level of voltage which 
cannot be accurately measured presents a 
problem since the receivers under test are the 
only devices capable of even detecting the 
presence of these diminuative voltages. TO 
use a receiver of unknown sensitivity to meas- 
ure these levels would not be an accurate 
process. A solution to the problem is a source 
of rf voltages, at microxolt levels, which 
can be established with a definite and reason- 
able accuracy without actually measuring it at 
the low levels. 

GENERATOR 
OUTPUT SYSTEMS 

Numerous signal generators are in exist- 
ence with an output range including 1 micro- 
volt. They usually depend on a voltmeter 
which monitors the voltage input to an at- 
tenuator system having a very large attenu- 
ation ratio and whose internal impedance 
generally varies with frequency and often is 
not accurately known. Both the voltmeter 
accuracy and the coupling to the attenuator 
may vary with frequency. 

The piston, or mode cutoff, attenuator is 
regarded as one of the best types of attenu- 
ators commonly used in signal generators to- 
day. However, there are serious drawbacks 
to high precision over a broad band of fre- 

quencies. The fact that there are spurious 
modes generated in the attenuator detracts 
from its accuracy. Of course, the effect can 
be calculated for a mechanically perfect unit.l 
However, the dimensions, the roundness of 
the tube or lack thereof, and the angular 
alighment of the input and output loops all 
influence the accuracy of such an attenuator 
to a great degree. Besides this,, the apparent 
diameter of the tube changes as the frequency 
drops, due to an increasing penetration of the 
metal of the tube by the field. One last and 
serious drawback is that no check with precise 
direct current instruments is possible. 

VOLTAGE 
T RA N SFE R P ROB LE MS 

Even if one were capable of producing an 
accurate output of one microvolt level from 
a system, there must be a way to accurately 
transfer it to a receiver. The device should 
therefore have a resistive output impedance 
equal to the characteristic impedance of the 
cable to be used to connect the standard source 
to the receiver. The subject of connecting 
signal generators to receivers has been ade- 
quately covered in a previous article2 in The 
Notebook. 

A device which could produce an accurate 
level of one microvolt through a known im- 
pedance would be a powerful tool for stand- 
ardizing signal generators being used to check 
sensitivity of receivers. In the development 
laboratory, or on the manufacturing line, or 
in the calibration laboratories of a large re- 
ceiver user, such as an airline which wants to 
be sure of receiver performance, there is an 

immediate need for an instrument of this 
kind. The RF Voltage Standard Type 245-A 
is such a device. 

C AhlB RATED 
RF VOLTAGE SOURCE 

1 

LJ 

The RF Voltage Standard Type 245-A, 
shown in Figure 1, takes approximately the 
full output of an average signal generator 
over the frequency range of 1-500 mc, pre- 
cisely monitors the high level input to an 
attenuator system, and accurately attenuates 
this voltage to the microvolt region. The now- 
accurately-known signal at microvolt level 
appears in the output circuit in series with a 
50 ohm resistive impedance. 

The use of this device to calibrate a signal 
generator is relatively simple as illustrated in 
Figures 2 and 3. The signal generator is con- 
nected to the RF Voltage Standard by the 
integral input cable, and the generator rf 
output increased until the RF Voltage Stand- 
ard monitor meter reaches the reference line 
corresponding to the desired output level. 
The, output is connected to the receiver an- 
tenna terminals by an output cable with a 
50 ohm termination such as a Type 501-B. 

Once the receiver output indication has 
been recorded, the Type 501-B cable is con- 
nected to  the signal generator output in place 
of the RF Voltage Standard as shown in 
Figure 3. The signal generator attenuator is 
turned down till the same output indication 
is observed on the receiver as had been pre- 
viously recorded for the output of the RF 
Voltage Standard. The signal generator is 
now furnishing the same level as the RF 
Voltage Standard had been and the signal 
generator attenuator setting is recorded as 
a standardized point. 

~. 

d 

ACCURACY REQUIREMENTS 
Of course, no comparison Standard can 

correct for errors arising from voltage stand- 
ing waves on the output induced by incorrect 
values of the generator output or load input 
impedance and this impedance must be close 
to 50 ohms for maximum accuracy. 

Figure 2. Step No. I RF voltage at high level 
is obtained from the signal generator and mea- 
sured. The attenuated output is detected at 
low level on a receiver and a reference reading 
noted. Calibration applies to the end of  the 
terminated output cable. d 
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Of course:, no comparison Standard can
correct for errors aflSing ftom voltage stand·i"l waves on the output induced by incorrect
va ues of the generator output or load input
impedance and this impedance must be close
to ~o ohms for maximum accuracy.

CALIBRATED
Rf VOLTAGE SOURCE

The RF Vollage StandJ.rd Type 24,·A,
shown in Figure I, takes aPrroximudy the
full output of an average sIgnal generator
over the fre'lucncy range of 1·~OO me, pre·
cisdy monitors the high levd input to an
attenualor sj'litem, and accurately allenuates
this voltage to the microvolt region. The now.
iKcurately.kno",·n signal at microvolt levd
appears in the outpul cumil in Sl'ries with a
10 ohm resiSlive impeda~.

11lc: use of this device 10 calibrate a. signal
generator is rdatlvely SImple as illUSlrlled in
FigurC'S :2 and }. 'fhe SIgnal generator IS con
nccte<! to the RF Voltage StantUrd by the
Imegul input cable. a.ncl the gencntor rf
OUlput increued unhlthe RF Voltage Stand
ard monitor meler rcuhes the- rderence llOe
corresponding to the desire<! output level.
The'output is connecled to the tecelver an·
tenna termina.1s by an output cable with a
10 ohm termination such:u a Type ,01·B.

Once tl,e tece,vet output indication hu
been tecorded. the Type 'OI·B cable is can·
nectt'd to lhe signal generator output in place
of the RF Vohage Standard as shown in
Figure 3. The signal generator attenuator is
tume<! down till the urnI' output indication
is ohsttved on the r«eiver :u had been pre·
viously recorded for the output of the Rf
Vol1:lge Standard. 'fhe signa.l ~erator is
now furnishing the wne level as the RF
Voltage Standard had been and ,he- sigrul
getk'tatOf allemutOr setting is recorded as
a sta.ndardlzeO. pomt_

ACCURACY REQUIREMENTS

immediate I>C'<:d for an instrumenl of this
kmd.~ RF Volta~ Standard Type 241·A
IS such a device.

Fill"'. 2. SI.p No. , RF ...ollog. 01 M9~ I '
i. o/',,,i".J f,o," ,h 119"0' 9'''''010' O"J "' .
I"..J. Th. o".""o,.J o,,'p,,' i. J.'.c,.J 01
low l.v.1 0" ° ,.c.I...., o"d ° ,./.,."c. ,.odl"9
nol.d. Co/j/',orlo" oppll.. to 110• •"J of 110.
lermltlOl.d oU'pu, eo/'/e,

VOLTAGE

TRANSFER PROBLEMS
Even if ooe ....ere capable of producing an

a«urate output of one microvolt level from
a system, there mU$t be a way to :lCnlrately
tra.osfer it to a receiver. The device should
therefore ha\'e a rC$ISI;"e output impedance
e<Jua.l to the du.ractttistic impedance of Ihc.o
cable to be- used to connect the standard SOUrce
to the lecei\·~. The subject of conncaing
SIgnal generators to receivas has been ade·
'1U1tely covere<! in a previous articJe2 10 l1le
Notebook.

A device whIch could produce an aCOlrate
level of o~ microvolt thtough a known im.
pedance would be a powerful tool for stand·
ardizing signal generators being used to check
sensitivity of receivers. In the development
labotatory, Or on the manufacturing line, or
in the calibtation booratories of a large reo
ceivet user, such as an airline ....hich wants to
be' sure of receIver performance, there is an

An RF Voltage Standard
A Standard Signal

Of One Microvolt
Supplies

At A Level

Fillure 1. Th. RF Va/tall. Sto"dorrJ Type US-A.

1llC' se:nsitivity of a radio ro:«iver is a well '1ueOCIe$. 'fhe faCl tlat there are spurious
advertise<! fC1lture. and properly so since it is modC$ generate<! in the .tfenua.tor <ku-llCls
one of the ffiOSI important attributes of a re- from its llCCUruy. Of course, the.- dfccl can
ceiver. This sensitivity often IS in the order be- o.lculate<! for a mechanically pttfccl unit.'
of one micfoo,'olt Ot less. and the direct mas· However, the dimmsions, the toundness of
uremmt of rf voltages at this levd is se:ldom the tube Of lack thtttof, and the aogular
pensible and~ accurate. aligtunnU of the input and output loops all

'fhe generation of a level of voltage which inlfuence the.- acnlncy of such an allenuator
cannot be accuratdy mnsure<! presents a to a great degt«. Bc:sidC$ this, the apparent
probkm since the recelvers under test are the dial1Xler of the lUbe' changC'S as the fre<Jumcy
only devicc:s capable of even detecting thc.o drops, due to an increuing penetration of the
presen« of these diminuative volta.SC'S. To metal of the tube by the lield. One last and
use a receiver of unknown sensitivity to meas· serious dra ....back is that no check with prccise
ure thesc: levels would not be an lCcurate direct curll"nt instruments is possible.
process. A solution to the problem is a soutee
of rf voltages, at microvolt levels, which
can be established with a definite and reason·
able accuracy IVithout actually musuring it at
the low levels.

GENERATOR

OUTPUT SYSTEMS
NWT"IetOUS signal ~aal.ors a.~ in alst·

eoce ""ith an output range including I mrcro
volt. They usually depend on a voltmeter
wh,ch morrilOT$ the volta~ input to an at·
tenuator system laving a very luge attenu·
ation ratio and whos.e internal impedance
gcnera.lly variC'S with fre<Juency and often is
not accurately known. Both the voltmeter
aCC\lracy and the coupling to the attenuator
may vary with fre'luency.

The piston, Or mode cutoff, attenuator is
regarded as one of the best types of attenu·
ators commonly used in signal generators to
day. However, there are .serious drawbacks
10 high prccision OVer a broad band of fte-
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ATTENUATOR SYSTEM 
The accurate attenuator system, which is 

the heart of the RF Voltage Standard, is a 
variation of the Micropotentiometer principle 
described by M. C .  Selby of the National 
Bureau of Standards.3 The output voltage is 
generated by causing a monitored current to 
flow through a 2 milliohm concentric disc 
resistor. This disc resistor is thinner than the 
penetration depth of the current by several 
times at all useable frequencies. The conse- 
quence of this fact is that the resistance can 
be determined very accurately by DC means 
and will not vary from this appreciably in the 
frequency range of this device. By the very 
nature of the symetrical annalar design the 
inductance of the disc is of a negligible mag- 
nitude. 

The current into the disc is controlled by 
placing the disc in a coaxial system at the 
terminus of a resistive concentric line which 
is designed to have no frequency dependance 
as shown in Figure 4. The resistance of the 
line is 50 ohms, and the line appears at its 
input as a non-reactive 50 ohm te rmina t i~n .~  
As far as the input is concerned, the 2 milli- 
ohm disc is a short circuit. 

A diode voltmeter monitors the input to 
the termination. The VSWR of the resistive 
line is very low to well above 500 mc and 
therefore the current flowing in it will remain 
constant with frequency changes if the volt- 
age at the input is constant. The output im- 
pedance of the device is controlled by a 50 
ohm resistive section on the output side of 
the disc resistor. This resistive line is designed 
exactly like the input section. The output con- 
nector is joined to this section by a fifty ohm 
loss-less air line having negligible discon- 
tinuities. 

MONITORING SYSTEM 
The crystal voltmeter system uses a new 

U H F  crystal diode in a specially designed 
coaxial mounting. The crystal is operated in 
a rather unique fashion. A 100 microampere 
current flows through the crystal at zero rf 
input. This bias stabilizes the characteristics 
of the diode to a much greater degree than 
they would be in a no bias state. The DC 
output current of the diode is taken from the 
rf assembly through an rf filter which pre- 
vents any leakage from the high level side of 

Figure 3.  Step No. 2 .  The low ’level output of 
the signal generotor i s  adjusted to produce the 
same reference level reading on the receiver 
os was produced by the unknown low level 
output of the RF Voltage Standard. 

RF n 
INPUT 

I 
Figure 4. RF  Voltage Monitor and Control Attenuator System of the RF VoltageStan- 
daid Type 245-A. - 

In order to keep the low impedance of the 
crystal detector from seriously damping the 
20 microampere dc output meter, a common 
base transitor amplifier is used. The output 
impedance of this configuration is high 
enough to leave the meter just about critically 
damped. The current amplification of such a 
device is essentially o( or about 0.98 times the 
input current for the RD2521A transistor 
which is used in this instrument. This repre- 
sents no serious loss in output, and since it is 
a very stable property of a transistor there is 
no serious loss of stability. 

Power to operate the transistor and the 
crystal bias circuit:y comes from a small self- 
contained battery used at low current drain. 
Battery life is essentially “shelf life”. 

CONCLUSION 
In conclusion, the RF Voltage Standard 

Type.245-A is a simple, self-contained, port- 

NOTE FROM 
Every Spring your editor hears the noise 
of unusual activity in the Sales Depart- 
ment.This Spring the noises have reached 
an unusual volume. We were finally ap- 
proached with a requesi for permission to 
include some descriptive information on 
new equipment in the envelope with this 
issue of The Notebook. It is our policy 
to  include in these pages information of 
the most general technical interest pos- 
sible. We are not, however, insensitive 
to the value of really new information on 
new eqbipment. The new equipment w i l l  
be on display at the IRE Convention in  
New ‘fork City at Kingsbridge Armory. 
However, many of our readers may not be 
able to attend the Convention. For them 
especially we have included some extra 
information in our envelope. We believe 
you’ll profit by reviewing our enclosure. 

We published our first issue of the Note- 
book one year ago this month. In the first 
issue we indicated our intention of dis- 
tributing information ofvalue on the theo- 
ry  and practice of radio frequency and 
measurement. We believe that an article 
on the last page of the current issue list- 

able and accurate solution to the problem of 
low rf level measurements. It offers outputs 
of 0.5, 1, and 2 microvolts with significant 
accuracy and has an output impedance of 50 
ohms with a low Voltage Standing Wave 
Ratio. This instrument can offer great assist- 
ance toward resolving the existing confusion 
in the comparison of signal generators and 
receiver sensitivity measurements. 
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packer-Proc. IRE, Feb., 1946, p. 62P. 

THE EDITOR 
ing an “INDEX“ to previous issues of 
The Notebook is worth reviewing to de- 
termine how we have implemented our in- 
tention. Our editorial plan for The Note- 
book requires the publication of five arti- 
cles in each issue; one article in each of 
the following categories: 

1. Articles of broad technical interest of 
general and lasting usefulness in the 
measurement field. 

2. Articles of more popular technical in- 
terest and practical nature, 

3. Articles covering instrument applica- 
tion or service material. 

4. Non-technical articles of general in- 
terest. 

5. Notes from the Editor. 

i 

IF YOU FINDMATERIAL OF INTEREST 
IN THE INDEX WHICH IS NOT IN YOUR 
HANDS, PLEASE, LET US HEAR FROM 
YOU. We s t i l l  have a few extra copies of 
past issues. 
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able and accurate solution to the problem of
low If level measurements. It offers outputs
of 0.5, I, and 2 microvolts with significant
accuracy and has an output impedance of '0
ohms with a low Voltage Standing Wave
Ratio. This instrument can offer great assist
ance toward resolving the existing confusion
in the comparison of signal generators and
receiver sensitivity measurements.

CONCLUSION
In conclusion. the RF Vollag... Standard

Type.24'.A is a simple, self-contained, port-

Every Spring your editor hegrs the noise
of unusuol activity in the Soles Depart
ment. This Spring the noises have reoehed
On unusual volume. We were finally op
prooched with a request for permission to
include some descriptive information on
new equipment in the envelope wilh Ihis
issue of The Notebock. It is our policy
10 include in these pages inFormation of
the mos! generol technical interest pos
sible. We are not, however, insensitive
to the volue 01 really new information on
new eqIJipment. The new equipment will
be on display at the JRE Convention in
New York City at Kingsbridge Armory.
However, mony of our readers may not be
able to attend the Convention. For ther"
especially we hove included some exira
infonnation in our envelope. We believe
you'll profit by reviewing our enclosure.

We published our first issue of the Note
book one yeor ggo this month. In the first
issue we indicated our intention of dis
tributing information ofvalul'! on the theo
ry and practice of radio frequency and
measurement. We believe that on article
an the last poge of the current issue list-

Figure 4. RF Voltage Monitor and Control ANenuClto, System 01 the RF VoftClfJeStCln.

dard Type 24S-A.
In order to keep the low impedance of the

crystal detector from seriously damping the
20 microampere de output meter, a (ommon
base transitor amplifier is used. The output
impedance of this configuration is high
enough to leave the meter just about (ritically
damped. The current amplification of such a
device is essentiaJJy '" or about 0.98 times the
input current for the RD2'21A transistor
which is used in this instrument. This repre
sents no serious loss in output, and since it is
a very stable property of a transistor th"re is
no serious loss o( stability.

Power to operate th... transistor and the
crystal bias circuitry comes from a small self
contained battery used at Jow current drain.
Battery life is l'$<"nt;ally "sh...lf life".

The accurate attenuator system, which is
the heart of the RF Voltage Standard, is a
variation of the Micropotentiometer principle
described by M. C. Selby of the National
Bureau of Standards.' The output voltage is
generated by causing a monitored current to
/low through a 2 milliohm concentric disc
resistor. This disc resistor is thinner than the
penetration depth of the current by several
times at all useable frequencies. The conse
quence of this fact is that the resistance can
be determined very accurately by DC means
and will not vary from this appreciably in the
frequency range of this device. By the very
nature of the symetrical annular design the
inductance of the disc is of a negligible mag
nitude.

The current into the disc is controlled by
placing the disc in a coaxial system at the
terminus of a resistive concentric line which
is designed to have no fre<juency dependance
a.s shown in Figure 4. The resistance of the
line is 50 ohms, and the line appears at its
input as a non· reactive '0 ohm termination.'
As far as the input is concerned, the 2 milli·
ohm disc;s a short circuit.

A diode voltml'ter monitors the input to
the termination. The VSWR of the resistive
line is very low to weJJ above '00 me and
therefore the current flowing in it will remain
constant with frequency changes if the volt
age at the input ;s constant. The output im·
pedance of the device ;s controlled by a '0
ohm resistive section on the output side of
the disc resistor. This resistive line is designed
exactly like the input section. The output con·
nector is joined to this section by a fifty ohm
loss· less air line having negligible discOfl'
tjnuities.

ATTENUATOR SYSTEM

MONITORING SYSTEM
The crystal voltmeter system uses a new

UHF crystal diode ;n a specially designed
coaxial mounting. The crystal is operated in
a rather unique fashion. A 100 microampere
current flows through the crystal at zero rf
input. This bias stabilizes the characteristics
of the diode to a much greater degree than
they would be in a no bias state. The DC
output current o( the diode is taken (rom the
rf assembly through an rf filter which pre·
vents any leakage from the high level side of
the attenuator.

Figu,. 3. Step No. 2. T~e 10'" lev.1 oUlput of
t~. s;gnol g.n.,ato, ;s a,ljusted to p,oduc. t~e

Same ,.f.,ence I.vel 'e<>,Ung on t~. ,.c.;ver
as ...os proJuc.,l by t~. unlrna...n la... level
outpu' of ,lte RF Va/tag_ Standard,
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Some VHF Bridge Applications 
NORMAN L. RIEMENSCHNEIDER, Sales Engineer 

Recognizing the gap that inevitably ex- 
ists between the basic information offered 
in the instruction manual and the inherent 
potentialities of the instrument involved, 
this article is written with the intent of 
sharing our knowledge of the RX Meter 
Type 250-A and offering the benefit of our 
field experience. 

For those not having a speaking ac- 
quaintance with the RX meter, we might 
briefly mention that it consists of a V.H.F. 
Schering bridge, signal generator, and a 
detector - indicator completely self - con- 
tained in one unit which measures imped- 
ances from 500 KC to 250 MC in terms of 
equivalent parallel resistance and parallel 
capacitance (or inductance). I t  will be 
shown that with these basic elements and 
some understanding of the principles in- 
volved, the bridge lends itself to many ap- 

ii plications not immediately obvious. 

Measurement of Transistors, Vacuum 
Tubes, Diodes and Biased Circuits 

The RX Type 250-A Meter by virtue of 
its design lends itself very conveniently to 
the measurement of circuits under condi- 
tions of normal bias and operating volt- 
ages. Since there is a d.c. path between 
the bridge terminals with a d.c. resistance 
in the order of 66 ahms, biasing currents 
up to 50 ma can be introduced through 
the bridge and the component in the man- 
ner shown in Figure 1. In using this par- 
ticular circuit the capacitor C should be 
made large enough so as to have negligible 
reactance at the operating frequency. It is 
desirable to use a d.c. source having a 
much higher voltage than required, and 
reducing the voltage through resistor R. 
By keeping R high the effect of the D.C. 
supply source is minimized. 

For measurements requiring biasing cur- 
rents in excess of 50 ma the circuit shown 
as Figure 2 is suggested. In this arrange- 
ment the biasing current circumvents the 
bridge and therefore there are no restric- 
tions imposed upon its magnitude. Here 
again it is desirable to keep C large enough 
to have negligible reactance. Since the 
purpose of the R.F. choke is to isolate the 
d.c. voltage source its inductance should 

i/ be high. To  preciude the possibility of 
any error due to the power supply, certain 
precautionary steps can be taken. Before 

I 
I 

ment by itself and measure the Cp and Rp 
of the D.C. supply circuit alone. The sub- 
sequent readings of the test specimen can 
then be corrected (for the effect of the 
D.C. supply circuit) as follows: 

The  Author off on an engineering field 
problem with the bridge. 

Figure L. Method ot Applying aiasing 
Current Greater Than 50 ma. 

attaching the test specimen, balance the  
instrument with the D.C. supply circuit 
connected. If the range of the balance 
controls is insufficient, balance the instru- 

c p x  = c x o  - c o  
where 
Cpx = Cp of specimen 
Cx0 = Cp of specimen & dc supply 

Co = Cp of dc supply alone 

where 
Rpx = Rp of specimen 

Rox = Rp of dc supply & specimen 
RO = Rp of dc supply alone 

The basic circuits shown in Figures 1 & 
2 can be modified or expanded as required 
to allow measurements to be made of the 
desired parameters in many types of cir- 
cuits. Some typical arrangements are given 
in Figures 3 to 9. In Figures 3 (tube input 
impedance) and 4 (crystaI diode imped- 
ance) it should be noted the ground shown 
by dotted line is the circuit ground and is 
not connected to the instrument ground. 
Figures 5 to 9, for which the author is 
indebted to the "Radio Development & 
Research Company" of Jersey City, New 
Jersey, are examples of some typical cir- 
cuits employed in the measurement of 
transis tors. 

One factor Lhat bears consideration in 
the measurement of vacuum tdbes, tran- 
sistors, and diodes is the level of the r.f. 
voltage applied to the component under 
test. With the RX Meter this is in the or. 
der of from 0.1 to 0.5 volts r.m.s. Should 

YOU WILL FIND . . . 
Mechanical Design of 

Service Notes for the 

Electronic Instruments ,...'...... page 5 

RX Meter Type 250-A ............. page 7 

IRE Convention .......__..........._._p age 8 
Q Meter Awarded at New York 
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Rewgnizing the gap that inevitably ex
ists between the bask information offered
in the instruction manual and the inherent
potentialities of the instrument involved,
this art ide is written with the intenl of
sharing our knowledge of the RX Meter
Type 2~O-A and oITering the benefit of our
field experience.

For those not having a speaking ac
quaintance with the RX meter, we might
briefly mention that it consists of a V.H.F.
Scherlng bridge, signal generator, and a
detector· indicator completely self - con
taine·J in one unit which measures imped
ances (rom ~oo KC to 2~O Me in terms of
c<juivalent parallel resistance and parallel
capacitance (or inductance). It will be
shown that with these basic elements and
some understanding of the rrinciplcs in
volved, the bridge lends itsel to many ap·
plications not immediately obvious.

MellSuremenl af Transistars, Vacuum
Tubes, Diodes and Bi.,seJ Circuits

The RX Type 2,0·A Meter by virtue of
its design lends itself very conveniently to
the measurement of circuits under condi·
tions of normal bias and operating volt·
ages. Since there is a d.c. path between
the bridge terminals with a d.c. resistance
in the order of 66 ohms, biasing currents
up to '0 rna can be introduced through
the bridge and the component in the man
ner shown in Figure t. In using thiS!".
ticular circuit the capacitor C shaul be
made large enough so as to have negligiblc
reactance at the operating frequency. It is
dcsirable to use a. d.c. source having a
much higher voltage than required, and
rcdueing the voltage through resistor R.
By keeping R high the effect of the D.C
supply source is minimi~ed.

For measurements requiring biasing cur
rents in excess of '0 rna the circuit shown
as Figure 2 is suggested. In this arrange
ment the biasing current cirrumvents the
bridge and therefore there ac<:~ no rl'stric
tions imposed upon its magnitude. Here
again it is desirable to kl'ep C large enough
to have negligible reactance. Since the
purpose of the R.I'. choke is to isolate t.he
d.c. voltage source its inductance should
be high. To preclude the possibility of
any error due to the power supply, certain
precautionary steps can be taken. Before

•

Tlte Aulhor oH on an engineering lield
problem with the bridge.

Figure J. Methad al Applying DC Blo$ing
Current Less Than 50 mo.

Figure 2. Method 01 Applying Blusing
Current Greater Than 50 mu.

attaching the test specimen, balance the
iustrument with the D.C supply circuit
connected. If the range of t.he balance
controls is insuffIcient, balance' the instru-

ment by itself and measure the Cp and Rp
of the D.C supply circuit alone. The ~ub

sequent readings of the test specimen can
thcn be corrected (for the effect of the
D.C supply circuit) as follows:

C PlI .. Cxo - Co

where
Cpx "" Cp of specimen
Cxo ~ Cp of specimen & de Iiupply

Co'" Cp of de supply alone

Ro x Rox
Rpx '"

Ho - Rox
where
Hpx ~ Rp of specimen
Ro - Rp of de supply alone

ROll "Rp of de supply & specimen

The basic circuits shown in Figures I &
2 on be modified or expanded as required
to allow measurements to be made of the
desired parameters in many types of cir·
cuits, Some typical arrangements arc given
in Figures 3 to 9. In Figures 3 (lube input
impedance) and <1 (crystal dioae imped
ance) it should be noted the ground shown
by dolted line is the circuit ground and i~

not connected to the instrument ground.
Figures ~ to 9, for which the author is
indebted to the ·'Radio Development &
Research Company" of Jersey City, New
Jerscy, arc examples of some typical cir·
cuits employed in the measurement of
transistors.

One factor rhat bears consideration in
the measurement of vacuum tubes, tran·
sistors, and diodes is the level of thc r.f.
voltage applied to the component under
test. With the RX Meter this is in the or·
d<:r nf from 0 1 to 0' volts r m s Should
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the constants of the circuit be such that 
this level cannot be tolerated, the addition 
of a 2 watt, 50,000 ohm potentiometer, 
mounted in a louvre hole in the rear of 
the instrument and wired according to  
Figure 10 to reduce the oscillator Bf volt- 
age, makes it possible to lower the applied 
r.f. voltage down to 0.02 volts with satis- 
factory sensitivity during the measurement. 

Measurement of the Self-Resonant 
Frequency of a Coil 

This procedure consists of finding the 
frequency at which the inductive and ca- 
pacitive reactances of the coil are equal 
(and opposite), and the coil itself looks 
like a pure resistance. The logical way to 
do this would be to set the Cp dial equal 
to  zero and vary the frequency to obtain a 
null on the indicating meter. However, 
since it is necessary on the RX Meter 
250-A to peak the “detector tuning” when 
operating the instrument at the higher 
frequencies, the self-resonant frequency is 
found by making two or three rapid pre- 
liminary measurements, balancing the in- 
strument, and obtaining the final value. 

The  actual modus operandi is as follows : 
1. Set up the bridge in accordance with 

the preliminary instructions given in 
the instruction manual. For the first 
approximation select a fre uency 
higher than the estimated sea-reso- 
nant frequency. 

2.  Mount the a i l  on the instrument 
and measure it in a normal manner. 
If the Cp dial reads in the capacitive 
range, the frequency is too high and 
should be lowered for the next ap- 
proximation. Conversely, if the Cp 
dial indicates an inductance the fre- 
quency should be increased. The fre- 
quency change necessitated can be 
sensed from the effect on the Cp dial 
reading of the previous change. 

3. When the Cp dial reads within 1 or 
2 mntfds of fhe zero line, remove the 
coil and balance the bridge before 
making the final reading. 

I t  should be noted that while some 
manipulation of the Rp dial and some ad- 
justment of the “detector tuning” knob 
might be needed in making the rough ap- 
proximations, it is necessary to adjust the 
initial balance of the bridge only for the 
final measurement. 

Wi th  those coils having multiple reso- 
nances, the alternate parallel and- series 

Figure 3. Typical Circuit for Measuring 
Vacuum Tube Input Impedance on RX 
Meter. 

HI 
CRYSTAL 

D I O D E  

Figure 4. Typical Circut for Measuring 
Crystal Diodes on RX Meter. 

points can be identified by the accompany- 
ing respective high o r  low values of paral- 
lel resistance indicated on  the Rp dial. The 
lowest parallel self-resonant frequency is 
the one used in the determination of dis- 
tributed capacity discussed below. 

Measurement of the Distributed Capaci- 
tance (Cd) of a Coil 

To consider an old friend very briefly, 
the expression for the resonant Frequency 
of a series tuned circuit is: 

1 

f =  * (1) 
2r T L F  

This same relationship obtains with a 
parallel tuned circuit, for all practical pur- 
poses, if the Q is ten or greater. For the 
purpose of our discussion we shall consider 
coils falling in this category. 

Referring to (1) above, if the inductance 
is held constant but the capacitance 
changed to a new value, Cp, then: 

0 
250-A 

RX METER 

SUPPLY 

Figure 5. Collector Characteristics -- c --..- J-J am-- 7 - L - J -  

). 
l -  ‘ 2 L  

RX METER 

9 

Figure 6. Collector Characteristics - - 
Grounded Emitter Triode. 

:igure 7. Collector Characteristics - - 
Grounded Base Tetrode. 

and - =  fl T 
f2 J-T 

2) fl - -  c 2 -  ( - )  
f2 1 c1 f2 

If, in the case of a coil, f, is the self-reso- 
nant frequency of f,, and C1 is the distrib- L 

uted capacity of the coil, Cd, the relation- 

27r T=5ii- 

’’ ship then becomes, 
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or

and

(2)

-.l J C2=
12 J C,

C2 (.!! )2

C, 12

If, in the case of a coil, f, is the self·l'i'so·
nant frequency of [~, and CJ is the distrib
uted capaeity o( the coil, Cd, the relation
ship then womes,

Figure 5. Collector Choracferi:sf;c:s_
Grounded Bose Tefrode.

Figure 7. Collector Choracferi:stie:s··
Grounded Bose Tefrode.

Figure 6. Collector Charoefer;:stie:s··
Grounded EmiHer Triode.

(I)I =

1
II = 2, J LC,

f2 1

2, J LC2

211" -r--LC
This same relationship obtains with a
parallel tuned circuit, for all practical pur·
poses, if the Q is ten or greater. For the
purpose of our discussion we shall consider
coils falling in this categorr.

Referring to (1) above, i the inductance
is held constant but the capacitance
changed to a new value, C2, then:

To consider an old friend very briefly.
the expression for the resonant 'requency
of a seri('$ tuned circuit is:

1

Figure 3. TypicClI Circuit lor MeCl:suri"g
VCleuum Tube '"put bnpeJrmce 0" RX
MeIer.

Measurement of the Distributed Cllpaci.
tanee (Cd) of a Coil

Figure 4. Typlcol Circut lor Measuring
Crystol Diode:s On RX Mefer.

points can be identified by the accompany·
109 respective high or low values of paral
lel resistance indicated on the Rp dial. The
lowest parallel self· resonant frequency is
the one used in the determination of dis
tributed capacity discuss{'d below.
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the constants of the circuit be such that
this level cannot be tolerated, the additIOn
of a 2 watt, '0,000 ohm potentiometer,
mounted in a louvre hole In the rear of
the instrument and wired according to
Figure 10 to reduce the oscillator B+ volt·
age, makes it possible to lower the applied
d. voltage down to 0.02 volts with satis
factory sensitivity during the measurement.

Meuurement of the Self-Resonant
Frequency of a Coil

This procedure consists of tinding the
fre'Juency at which the inductive and ca·
paCltive reactances of the coil are equal
(and opposite), and the coil itself looks
like a pure resistance. The logical way to
do this would be to set the Cp dial e';lual
to zero and vary the frequency to obtain a
null on the: indicating meter. However,
since it is necessary on the RX Meter
2'0-/\ to peak the ··detector tuning" when
operatin$ the instrument at the higher
frequenCIes, the self·resonant frequency is
found by making two or three rapid pre·
liminary measurements, balancing the in·
strument, and obtaining the final value.

The actual modus operandi is as follows:
I. Set up the bridge in accordance with

the preliminary instructions given in
the Instruction manual. For the first
al?proximation select a frequency
higher than the estimated sell-reso·
nant frequency.

2. Mount tbe coil on the instrument
and mea~ure it in a normal manner.
If the Cp dial reads in the capacitive
range, the frequency is 100 hJgh and
should be lowered for the next ap·
proximation. Conversely, if the Cp
dial indicates an inductance the fre·
qucncy should be increased. The fre
quency change necessitated can be
sensed from the effect on the Cp dial
reading of the previous change.

3. When the Cp dial reads within l or
2 mmfds of the zero line, remove the
COli and balance the bridge before
making the final reading.

It should be noted that while some
manipulation of the Rp dial and some ad
justment of the "detector tuning" knob
might be needed in making the rough ap·
proximations, it is necessary to adjust the
mitial balance of the bric!g(' on/] for the
final measurement.

With those coils having multiple reso·
nances, the alternate parallel and series
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Characteristics Ground. 

Figure 9. Emitter Characteristics - - 
Grounded Emitter Triode. 

Figure IOA. Terminal Voltage Reduction- 
Circuit Alteration. 

(3) 

and if frequency f,  is made equal to 70.7% 
of fb, 

2 - _  c2 - ( fo ) = 2 . (4) 
c d  .707 fo 
For the purpose of our discussion this can 
be written 

Where Cp'is the amount of capacity need- 
ed in addition to the C, of the coil to reso- 
nate the coil at a frequency equal to 0.707 
times its self-resonant frequency. This 
value is equal to the C, of the coil and is 

Figure. 708. Diagram of Circuit Alteration. 

read directly off the silver portion of the 
C, dial on the RX meter when the bridge 
is balanced. 

Thus to measure the C ,  of a coil on the 
RX Meter it is only necessary to determine 
its self-resonant frequency, set the bridge 
at 0.707 times this frequency, and measure 
the C, directly on the C, dial. 

Measurement of Tuned Circuits 
Very often it is necessary to measure 

the R,, or Q of a tuned circuit at its reso- 
nant frequency. Since under these condi- 
tions the circuit is Tssentially resistive, it 
merely necessitates operating the RX Me- 
ter at the resonant frequency, verifying 
the resonant condition 5 y  insuring the C, 
dial reads zero, and reading the dynamic 
resistance directly off the R ,  dial. Con- 
versely, the RX Meter can be set at the de- 
sired frequency and the tuned circuit ad- 
justed for resonance as evidenced by a null 
on the indicating meter. Having the R,, and 
being able to measure or compute either 
reactance, the Q of the tuned circuit can 
be determined from the relationship, Q 

By setting the RX Meter 250-A to the 
desired frequency, and the R,, and C,, dials 
to the required values, 'the instrument 
adapts itself to the tuning of pi-coupled 
matching networks used on transmitters 
and to the adjustment of line terminations, 
equalizers, and filters. 

=R,/X,. 

Extension of Ranges 
The RX Meter 250-A has a parallel re- 

sistance range of 1 5  to 100,000 ohms and 
a parallel capacitance range from +20 
mmfd to -100 mmfd. The negative sym- 
bol denotes an inductance and the quantity 
is the amount of capacitance required to 
resonate it. These ranges can be extended 
by the following means which are de- 
scribed for the particular extension de- 
sired. 
A. Manner of Extending Capacitance 

Range 
Referring to Figure 11, which is a 

graphical representation of the Cp dial on 
the RX Meter 250-A, it can be seen that 
when the dial is set at the zero point, for 
the purpose of obtaining the initial bal- 
ance, there actually is a net capacity of 40 
mmfd across the terminals. Regardless of 
what measurement is being made, it is al- 
ways necessary to have this net capacity of 
40 mmfd for the bridge to balance; 
whether i t  is obtained by setting the Cp 
dial to zero, or setting it at +20 mmfd as 
would be done when actually measuring a 
capacity in this order, or measuring an 
L/C combination exhibiting a net capacity 
of 40 mmfd is of no consequence. As long 
as this net amount is present, the bridge 
will balance. 

Therefore, to extend the range of capa- 
citance measurement-say to something 
greater than 20 mmfd but not over 120- 
it is only necessary to add a coil during 
the initial balance that will cause the bridge 
to balance with the C, dial at -100 mmfd 
instead of at zero. For a balance point at 
-100 mmfd, this coil would have the 
amount of inductance necessary to resonate 
with 100 mmfd at the chosen frequency. 
Using the -100 mmfd value as the refer- 
ence point in this manner, and leaving the 
coil intact during the measurement, the 
capacity range now is from -100 to +20 
mmfd-or a total of 120 mmfd. The in- 
ductance of the coil does not ,have to  be 
known and the reference balance can be 
established at any desired point from zero 
to -100. This allows quite a latitude in 
the selection of the coil. There are no re- 
strictions imposed upon the coil with re- 
spect to Q, since if the latter is not suffi- 
ciently high the equivalent R, of the coil 
itself can be read in the initial balance, 
and proper allowances made. for it. From 
experience it has been found that in most 
cases any reasonable hand-formed coil will 
suffrce without requiring corrections. 

Referring once again to Figure 11, it 
can be seen that by using a smaller coil B 
and adding a 100 mmfd. capacitor exter- 
nally across the bridge binding posts to be 
used in conjunction with the 100 mmfds 
on the Cp dial, it is possible to displace 
the original balance by 200 mmfd, and in 
this manner increase the capacitance range 
to 220 mmfd. The capacitance measure- 
ment thus becomes essentially one of sub- 
stitution, since after the unknown is added 
to, the terminals, balame is sought by re- 
moving capacity on the Cp dial, 0.1 mmfd 
at a time. If the measurement of the un- 
known is not made by the time the C ,  
dial reaches the +20 point, the 100 mmfd 
capacitor used for extending the range is 
removed, the Cp dial returned to -100 
and the process repeated until balance is 
obtained. In this way although the range- 
extending capacity is added in an incre- 
ment of 100 mmfd, it is removed by using 
the Cp dial in increments of 0.1 mmfd. 
In a like manner, other 100 mmfd capaci- 
tors, in conjunction with smaller coils, can 
be used to extend the range of capacitance 
measurement still further. A variable pre- 
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graphical representatil)n l)f the Cp dial l)n
the RX Meter nO-II., it can be se:en that
when the dial is set at the zem point, for
the purpl)se: of Obtaining the initial bal.
anee, there actually is a net capacity of 40
mmfd across the terminals. Regardless of
what measurement is being made, it is al.
ways necessary tl) have this net capacity of
40 mmfd for the bridge to balance;
whether ;1 is obtained by setting the Cp
dial to zero. or se:tting it at +10 mmfd as
would be done when actually measuring a
capacity in this order. or measuring an
L/C wmhination exhibiting a net capacity
of 40 mmfd is of no consequence. I\s long
as this net amount is present, the bridge
will balance.

Therefore, to extend the range: of capa
citance measurement-say to somethmg
greater than 20 mmfd but nl)t over 110
it is only necessary to add a coil during
Ihe initial balance that will cause the bridge
to balance with the C,. dial at -100 mmfd
instead of at zero. For a balance point at
_100 mmfd, this coil would have the
aml)unt of inductance neo:ssary to resonate
with 100 mmfd at the chl)se:n frequency.
Using the _100 mmfd value as the refer.
ence poinl in this manner, and leaving the
Cl)i1 mtact during the measurement. the
capacity range now i~ from -100 to +20
mmfd-or a total of 120 mmfd, The in·
ductance: l)f the coil dl)es no! have to he
known and the: reference balance can be
established at any desired point from zero
to _100. This allows quite a latitude in
the selectil)n l)f the coil. There are no reo
slrictll)ns imposed upon the coil with reo
sped to Q, since if the lauer is not suffi·
ciently high the equivalent R,. of the coil
itself can be: read in the initial balance,
and proper alll)wances made. for it. From
e:xperience it has been found lhat in ml)st
cases any reaSl)nable hand-formed coil will
suffice without requiring corrections.

Refe:rring once again tl) Figure II, it
can be seen that by using a smalle:r coil B
and adding a 100 mmfd. capacitor exter0.'1 across the !:Iridge binding postS to be
use in conjunction wilh the 100 mmfds
on the Cp dial. it is possible to displace
the original balance by 100 mmfd, and in
this manner increase the capacitance range
to 210 mmfd. The capacitance measure_
ment rhus becomes essentially one of sub·
stitution, since after the: unknown is added
to the tt'rminals. balance is sought by re
moving capacity on the Cp dial, 0.1 mmfd
at a time. I{ the measurement l){ the un
known is not made by the time the C.
dial reaches the +20 point, the 100 mmf,~
capacitor used for extending the range is
removed, the Cp dial returned to -100
and the process repealed unlil balance is
obtained. In this way although the range·
extending capacity is added in an incre·
ment l)f tOO mmfd, it is removed by usi"g
the Cp dial in increments of 0.1 mmfd.
In a like manner, other 100 mmfd capaci.
tors. in conjun<:tion with smaller coils. can
be used to extend the range o( (';lpacitana'
measurement still further. II variable pre-

btension of Ranges
The RX Meter l:5o·A has a parallel re

sistance range of 15 to tOO.OOO l)hms and
a parallel capacitance range from +20
mmfd to -100 mmfd. The negative sym
bl)l Jenl)tes an inductance and the quantity
is the amount of capacitance required to
resonate il. These ranges can be: extended
by the following means which are de·
scribed for rhe p3rticular extensil)n de
sired.
A. Manner of Extending Capacitance

Range
Referring to Figure II, which is a

Figure. JOB. Diogram ofCire:uitAlterQtion.

read directly off the silver portion of the
C" dial on the RX mete:r when the: bridge:
is balanced.

Thus to measure the C~ of a coil on the:
RX Meter it is only necessary to determine
its self-resonant frequency, set the: bridge:
at 0.707 times this frequency, and measure
the C~ dire:ctly on the Cp dial.

Meuurement of Tl,Ined Circuits
Very often it is nece:ssary to measure:

the R
I
• or Q of a tuned circuit at its reso·

nant freq ...ency. Since under these condi
tions the circuit is ~ssentially resistive:, it
merely necessitates operating the RX Me·
ter at the resonant frequency. verifying
the resonant condition ~y insuring the CI'
dial reads zero, and reading the dynamic
re:sistance directly off the RI, dial. Con·
I'ersely, the RX Meter can be set at the de·
sir~d frC<jue:ncy and the tuned circuit ad
justed for resonance as evidenced by a null
on the indicating meter. Having the R" and
being able to measure or compute either
reactance, the Q l)f the tuned circuit ran
be determined frl)m the relationship. Q
=Rl'fXJ"

By setting the RX Meter 1~0-/I. to the
de:sire:d frequency. and the R" and CI' dials
tl) the required values, 'the instrument
adapts itself tl) the tuning of pi-coupled
matching networks used on transmitters
and to the aqjustmcnt of line lermina!il)ns.
equalize:rs, and filters.

(6)

(4)

(3)

(5)

z .fa 2
---;c.;;';- )
_707 £0

Cd+Cp =2and
Cd

Cd = Cpo

Where Ct"is the amount of capacity need
ed in addition to the C~ of the coil to reso·
nate the coil at a frequency e:qual to 0.707
limes its self-resonant frequency. This
value is equal to the Cd of the coil and is

and if frequency r~ is made equal to 70.7%
of f.,

For the purpose of our discussion this can
be written

Cz
Cd

Figure JOA. Terminal Voltoge Redudion
Circuit Alteration.

Figure 9. Emitter Chorae'eristies - •
Grounded Emitter Triode.

F ;gure B. Emit'er Charae'eristies Ground.
!d Bose Triode.

•
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Figure 7 7 .  Graphic Illustration of Manner of Extending Capacitive Range of RX Meter 
250-A 
cision capacitor is a very convenient device 
in these extensions since it increases the 
inductance latitude of the coils used for 
the extension. In all cases the value of 
capacity employed must be known since it 
is part of the calibration. 

Since the bridge has an inherent residual 
inductance of 0.003 microhenries (in series 
with the impedance being measured), the 
following restrictions are imposed to pre- 
vent the residual inductance from becom- 
ing a sizeable portion of the reading: 

1. Do not use auxiliary coils having 
less than 0.1 uh inductance. 

2.  If necessary to use a coil of less than 
0.6 uh it must be adjust-ed to a re- 
actance value within r+20% of the 
capacitance reactance under test and 
the following correction formula ap- 
plied to the RX Meter readings: 

True Cap = AC (1 + *L) 003 

C = Difference reading when test is 
connected in uuf 

L = Auxiliary inductance in uh 

Where: 

3. The above limitations and correc- 
tions apply only when the junction 
between test capacitor and auxiliary 
coil is directly under the knurled 
binding post nuts. 

For those cases where the frequency of 
operation does not allow the size of the 
coil used to conform to the above, it i s  
possible to correct for the residual induct- 
ance as follows: 

True Cp dial reading = 

Where Cp ’ = Capacity as read 
on the Cp dial 

u2 = 4 7r2 f 4  
L1 = 0 .003  microhenries 

Correcting the dial reading as shown 
above for the Cp readings with and with- 
out the addition of the capacitance under 
test will make the required allowances for 
the residual inductance and the capacitance 
range can be extended in the normal man- 
ner. Care must be exercised with respect 
to minimizing lead lengths, placing com- 
ponents, etc. 

Manner of Extending the Inductance 
Range 

For the measurement of the inductance 
of coils requiring more than the 100 
mmfds. available in the 250-A RX Meter 
to resonate them at the operating frequen- 

cy, additional known capacity can be added 
in parallel to the coil to obtain balance. 
The inductance of the coil would then be 

1 L= 
u2 (Cp dial rdg -b ext . C )  

or the reac€ance 

XL = 1 
w(Cp dial rdg + ext. C) 

In the above, external capacity is con- 
sidered as having a negative sign as has Cp 
in this case. It has been found the range 
of measurement can be extended to include 
much smaller value of inductance by using 
an auxiliary resistor, connected in series 
with the “high” side of the coil. In this 
manner the overall Q is reduced which in 
turn allows smaller values of resonating 
capacitances in accordance with the rela- 
tionship, 

L, =- CPRP 
1 + Q 2  

The value of the auxiliary resistor, which 
is not critical, depends upon the inductance 
to be measured and some idea of the re- 
quired value can be obtained from the fol- 
lowing table. 

INDUCTANCE REQUIRED 
RANGE RESISTOR 

(Microhenries) (Ohms) 
10 to 1000 1000 

1 t o  10 300 
0.1 to 1 100 

0.001 to 0.1 33 
The value and accuracy of the auxiliary 

resistor is not critical and need only be of 
the correct order. The following procedure 
is suggested for such measurements : 

a. Connect the unknown inductance in 
series with the auxiliary resistor across the 
RX Meter binding post. Using a mini- 
mum length of heavy, condclcting strap, 
short the terminals of the inductance to 
remove it temporarily from the circuit. 

b. Balance the bridge circuit and note 
the values of CP1 obtained for the series 
resistor alone. 

c. Remove the shorting strap from the 
inductive component, restoring the latter 
to the circuit, and rebalance the bridge. 
Note the values of RB2 and Cp2 for the 
series combination. Then the unknown in- 
ductance is obtained by 

Ls= AC (Rp2) 
where AC=Cpl -Cp2 

It should be noted that the inductance 
is shorted out rather than removed to 
avoid alteration of the physical configura- 
tion of the components which might other- 
wise affect the results. In dealing with 
extremely small inductance values, the in- 
ductance of the shorting strap itself will 
become significant and must be considered 
in interpreting the results. 
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ey, ~dditional known capacity c~n be' added
in puaJle'1 to the coil to obuin balance.
The inductance of thl' coil would then be

REQUl.RED
RESISTOR
(Ohms)

1000
300
100

"

wi (Cp dial rdg + ext. C)

or the reactance

1
L=

The v~lue of the auxiliary resistor, which
is nee critical, depends upon the inductance
to be measured and somc idea of t~ re
'luirC'd value can be' obt~ined from the fol
lowing t1Ible.

INDUCTANCE
RANGE

(Microhcnries)
10 to 1000

I to 10
0.1 to I

0.001 to 0.1

XL - 1
w(Cp dial rdg + ext. C)

In the above, utl'rnal capacity is con·
sidered as h~ ... ing a negative sign as has Cp
in this case. It has bC'cn round the range
of measurement Clin be' extende'd to include
much smaller value of inducunce by using
an auxiliary resistor, connccted in serict
with the "high"' side o( the coil. In this
manner the overall Q is reduced which in
turn allows smaller values of resonating
capacitances in accordance' with the rela·
tionship,

The value and accuracy of the auxiliary
resi.stor is not critical and n~d only be of
the correct order. The following proce'dure
is suggcsted (or such measurements:

a. Connect the unknown inductance in
series with the auxiliary resistor across the
RX Meter binding post. Usin$ a mini·
mum length of heavy, conuucllng strap,
short the te'rminals or the inductance to
remove it temporarily (rom the circuit.

b. Balance the bridge circuit and note
the values of <:"1 obtained for the series
re'sistor Iione.

c. Rcmove the shorting Sln.p from the
inductive component, restoring the latter
to the circuit, and rebalance the bridge.
Note the values of Rp2 ~nd e...c for the
series combination. Then the unk-nown in·
ductance is obtained by

L.- 6C <Rpol I
where .6.C=Cp l -Cp2

It should be' noted that thl' induct.ncc
is sho,ted out nthcr than rcmoved to
~yoid ~lteration of the physical conngura
tion of the components which might other.
wise affect the rcsults. In dealing with
extremely small inductance' values, the in
ductance of the' shorting strap itself will
become si8nif\cant and must be considered
in interpreting the results.

For those cascs where the frequency oE
operation docs not allow the size of the
coil used to conform to the above, it is
possible to correct for the residual induct·
ance as follows:

True Cp dial readlng =

Cp ' ( 1
w2L 1 Cp'_ 1

Where Cp ' '" Capacity as read
on the Cp dial

w2=41l"2f~

L1 '" 0.003 microhenries

Correcting thl' dial re~ding as shown
abo...e for the Cp readings with .nd with.
out thc addition of the cap~citancc under
tcst will m~ke the rc-quired ~lIow~nCC5 for
the rcsidu~1 inducunce and t~ capacitancl'
r10ge can be' e:lHended in t~ normal nun
ncr. Ca.re must be exercised with rcspect:
to minimizing le~d lengths, placing com
ponenb, ClC.

M.nne, of Extending the Indud_nee
R_ns·

For thl' mrasurement of the inductance
or coils requiring more than the 100
mmfds. available in the 250-A RX Meter
to resonatc thcm at the operating frequen.

Where:
C = Difference reading when tcst is

connected in uue
L = Auxiliary inductance in uh

3. The above limitations and corre(
tions apply only whe'n thc junction
be'tw~n test capacitor and auxiliary
coil is dircctly under the knurled
binding post nub.

ci.sion capacitor i.s a very convenient device
in these extensions since it increases the
inductance latitude of the coils used for
the extension. In all cases the value of
opacity employed must be known since it
is part of the olibration.

Since the bridge has an inhCtent residual
inductauce of 0.()()3 microhenries (in series
with the impedance being measured), the
(ollowing restrictions are impo5e'd to pre"
vent the residual inductance (rom becom
ing a size'able portion of the reading:

I. Do not U$C auxiliary coils having
less than 0.\ uh inductance.

2. H necesury to usc a coil o( less than
0.6 uh it muSl be' adjusted to a re
actance value within ±20% of the
capacitance reactance under tCSt .nd
the (ollowing correction formula ap
plie'd to the RX Meter readings:

True Cap = .6.C (l + . 003 )
L
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Extension of the Rp Dial Below 15 Ohms 
In dealing with low Q devices it is some- 

times desirable to be able to measure re- 
sistance values below 15 ohms which is -- the lower limit of the direct-reading Rp 
scale. 

At higher frequencies (in the neighbor- 
hood of 200 mc and above) the residual 
inductance of most components having se- 
ries resistance values below 15 ohms such 
as low-value resistors, may be sufficient to 
increase the equivalent parallel resistance 
value above 15 ohms so that it may be 
measured directly. If not, a small induct- 
ance (having negligible series resistance) 
connected in series with the unknown will 
be sufficient to increase the Rp of the com- 
bination to the range of direct measure- 
ment. 

At lower frequencies, the Rp of the un- 
known may be effectively increased for 
measurement by adding in series a small 
auxiliary resistor having a value prefer- 
ably between 1 5  and 25 ohms. The series 
combination is measured and the values 
R,,, and C,,, are noted. The auxiliary re- 
sistor is then measured alone to obtain 
R,,, and CP2. 
Then 

Series resistance in each case would be 
Rs = Rp 

‘ J  1 + Q 2  ’ 
C,, and CPz can be changed to their re- 

spective values of inductance L,, and L,, 
in accordance with 

Ls =CpRp2 . 
1 + Q2 

Conclusion 
The foregoing discussion has not been 

presented in an effort to define the limits 
of the bridge, but rather to give some in- 
dication of its application in regions not 
readily apparent. As with any tool its 
ultimate potentialities are dependent upon 
the skill and ingenuity of the person using 
it. 

THE AUTHOR 
Norman L. Riemenschneider has been 
intensive1 engaged in  f ie ld  work on 
customers‘ problems and special appli- 
cations of Boonton Radio Corporation’s 
equipment since h is  associaticn with the 
Company, His  background includes eight 
years with Western Electr ic in  various 
engineering capacities, and substantial 
experience in  a l l ied f ields with other 
engineering firms. Mr. Riemenschneider 
was graduated from the evening section 
of the Newark College of Engineering 
with a B.S. i n  E.E. and is  a member of 

~ the IRE. He is  also very active in Ama- 
teur Radio circles. 

MECHANICAL DESIGN 
REQUIREMENTS OF ELECTRONIC INSTRUMENTS 

DAVID S. WAHLBERG, Mechanical  D e s i g n  Eng ineer  
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Figure 1. The Front Panel of the BRC Sweep Signal Generator Type, Type 240-A 
illustrates the final solution of a mechanical design problem involving mechanical 
placement, electronic function, nomenclature and esthetic factors. 

One of the most interesting and chal- 
lenging phases in the design of an elec- 
tronic instrument is that concerned with 
converting a set of specifications and a 
breadboard model into a practical, eco- 
nomical and useful product. I t  is at this 
stage of the endeavor that many of the 
problems become mechanical in nature. 

The Mechanical Designer‘s Problem 
From the moment the mechanical design 

of an instrument begins, a myriad of other 
considerations arise to confront what 
might otherwise seem a straightforward 
piece of electronic equipment. The mechan- 
ical designer must consider the electronic 
requirements of the Development and Pro- 
ject engineers, the functional and saleable 
appearance, weight and price insisted upon 
by Sales, and the mechanical urgencies of 
simple, rigid designs and drives using the 
proper materials. In addition the Shop 
must be allowed reasonable tolerances 
within the limitations of available proc- 
esses and equipment, Assembly should 
have units adapted to smooth work flow, 
and Inspection (and the user!) needs easy, 
accessible adjustments. Among many other 
factors are Purchasing’s and Accounting’s 
hopes that standard parts will be used, and 
Shipping’s plea for enough unobstructed 
cabinet area to allow proper bracing in the 
packaging. 

Thus, as those in industry know, any de- 

sign comes about as the result of many 
compromises, all measured against the 
ultimate goal. 

The Front Panel 
Almost always, one of the first opera- 

tions in the design program is the prepara- 
tion of a front panel layout. However, this 
drawing also usually turns out to be the 
last one finished. A typical instance is the 
Sweep Signal Generator Type 240 A panel 
of Figure (2) .  The final symmetrical and 
functional grouping of the controls was 
arrived at after eleven distinct drawing 
revisions. Included were several major and 
many more minor changes, each one the 
result of discussion and action as the vari- 
ous problems of mechanical placement, 
electronic function, and clear titling were 
solved. As the give-and-take proceeds be- 
tween esthetic and functional requirements 
versus circuit and control mechanism con- 
siderations, the front panel layout also 
starts to include the influences of frame- 
work and cabinet design. 

The Heat Dissipation Problem 
At this point the need for ventilation 

must be reckoned with. Close-accuracy in- 
struments usually require heavy duty, con- 
stant voltage power supplies with much 
attendant heat. Therefore, such a power 
supply is usually separated from other 
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Extension of tne Rp Dial 8elow 15 Ohms
In dealins ""ith low Q devlees if is some

times desirable to be able to measure re
sistance value5 below t) ohms which is

-- the lower limit of the direa-rudios Rp
sale.

AI higher frequmcirs <in the ne;shbot
hood of 200 me and ahovr) the residual
inductance of most components having se
ries resistance values below I' ohms such
u low.ulue r('Sistors. may be sufficient 10
incre~ the e<JuiVllent parallel resistan~

value above I' ohms so that it may be
menured dirKlly. If not, a small induct
ance (having negligible series resistance)
(Onnected in s.eries with the unknown will
be sufficient 10 increase the Rp of the com
bimuion 10 the range of dire<t measure:·
ment.

AI lower frC:9ucncies, the Rp of the un·
known may be effectively ioctcued (or
measurement by adding in series a small
auxiliary resistor having a value prefer'
ably between l~ and 25 ohms. The series
combination is me:asured and the values
R,•, and C~l are noted. The auxiliary reo
sistor is then measured alone to obtain
RI~ and C~I.

Then
H S"" Hsi _ H s 2 and

La"" LsI - Ls 2

"'our.-or

,."" S

MECHANICAL DESIGN
REQUIREMENTS OF ELECTRONIC INSTRUMENTS

DAVID S. WAHLBERG, Mecba....co.l Desil" E"li..eer
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Figure J. Th. Front PalMI of tlte BRC Sw••p Signal C• .,.rotw Type. Type 240_04
illusrrotes 'he final solufion of 0 mechanical Juign probl.m in ... 01... ;ng mechanical
placement, .Iedronie fundion, nomenclature OM esth.,ic loctors.

Series ftSistance in each cue ":ould ~

RS = Rp
1+ Q2

c", and c..: ClIO be changed 10 Iheir re
spective values of induClance .... , and l""
in accordance with

Conclusion
The foregoing discuS5ion has not been

presented in an effort to deline the limits
of the bridge, but rather to give some in·
dication of its application in regions not
readily apparcnt. As with any tool its
ultimate potentialities are depe:n,lent upon
the skill and ingenuity of th(' persOn using
it.

-----THE AUTHOR-----
Norman L. Riemenschneider has been
intensively engaged in field work On
eustomers problems and special appli
caTions of BoonTon Rodio Corporation's
equipment sinee his associatien with thoe
Company. His background includes eight
yeors with Western Electric in various
engineering capaciTies, and substantial
e:xpedence in allied fields with other
engine.ring firms. Mr. Riemenschneider
was graduated from the evening section
of thoe Newark College of Engineel'"ing
wilh 0 B.S. in E.E. and is a member of
the IRE, He is also very octive in A.mo
teur Radio circles,

01'1(' of the mosl int('resting .nd chal·
knging phaS('$ in Ihe design of an elec
tronic instrument is that concerned with
mnv('rting a s('t of specifications and a
breadboard model into. praetiul, eco
nomical and useful product. I! is at this
stage of the ('ndenor that many of the
probkms b<ocome mechanic.1 in nature.

The Mech<1lniul Designer'. Problem
From the moment the mechanical design

of an instrument begins, a myriad of other
considerations aris(' to confront what
might otherwise seem a straightforward
piece of el('etronic equipment. The mechan
ICal designer mUS1 consider the ('Iectronic
requirements of the Development and Pro·
ject engineers, the funClional and saleilble
appearance, weight and price insisted upon
by SJJes, and (he mech.nical urgencies of
simple, rigid designs and drives Wiing the
proper materials. In sddition the Shop
must b<o allowed rnson.ble tol('ranees
within the limitations of available proc·
CS5CS and equipment, Assembly should
hl\'e units ad'pt('d to smooth worlt flow,
a.nd Inspection (and the user!) needs elliY,
accessible adju5t~nts_ Among many other
factors .Ire Purchlliing's .nd Accounting's
hopes that nandard parts will b<o used, and
ShIpping's plea for enough unobstructed
Clbmel ar('a to allow proper bracing in tbe
paclcaging.

Thus, :as those in indWitty know, any dc-
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sign comes about as the result of ma.ny
compromises, all measured against the
ultimate goal.

The Front Panel
Almost always, one of t~e first opera

tions in the desIgn program IS the prepara
tion of a front panel layout. However, this
drawing also usuillly turns out to be the
lasl one finished. A typical instance is the
Sweep Signal Generator Type 240 A fan('1
of Fi~ure (2). The linal symmc:trica ilnd
functional grouping of the controls was
arriv('d ilt after eleven distinct drilwing
revisions, Included were several major and
many more minor changes, each one the
result of discu5Sion and action as the vari·
OWi problems of mechanical placement,
electronic function, and dear titling were
solved, As the give-and.take proceeds be:
Iween esthetic and functional requirements
\'ersus circuit and control mechanism con
siderations, Ihe front pmel layoul abo
starts 10 include the influences of frame
work and cabinet design.

Th. He.' Dissip<1llion Problem
At this point the need for ventilation

must b<o reckoned with. Close-accuracy in,
stru~nts usually require heavy duty, con
stant voltage power supplies wiTh much
attendant heat. Therefore, such a power
supply is usually sep:l.rated from other
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Figure 2. The 190-A Q Unit solves the problem o f  rigidity, low capacitance and con- 
stant inductance. 

circuits as far as possible, either physical- 
ly or by shielding, since it is the largest 
single source of heat. Once the power 
supply and other elements are located, and 
an estimate made of the heat to be dissi- 
pated, the ventilation paths and louvers 
are roughed out. Although most heat is 
carried off by convection if possible, the 
complete electrical shielding often needed 
around RF circuits prevent this. In these 
cases, heat must be conducted away by pro- 
viding shields or heavy conductors lead- 
ing to a large heat sink. Radiant heat is 
also a factor under these conditions. 
Bright metal shields can serve to “bottle 
up” a good deal of heat energy, whereas 
proper treatment of the surfaces will cause 
them to absorb and help dissipate heat. 
Final word as to the adequacy of the cool- 
ing provided in an instrument usually 
awaits the completion of final temperature 
runs on the prototypes. Convection cur- 
rents occasionally cause uneven heating of 
critical components, and such problems 
must be resolved by baffles or circuit ad- 
justments before the design is completely 
“frozen” 

Dealing with RF leakage 
The means of preventing RF leakage 

have a major influence in dictating- the 
overall design layout. All circuits carrying 
heavy RF currents must be carefully bot- 
tled up with leakage paths kept to a mini- 
mum. Control shaft holes particularly 
must be bridged by efficient shorting de- 
vices. The shafting necessary to operate an 
RF unit may often be just the right length 
to perform as an antenna at UHF fre- 
quencies. Gaskets or other sealing means 
are necessary to seal all covers and all ele- 
ments projecting into an RF field. 

RF leakage often does not rear its ugly 
head until near the end of a design project. 
As the final tests are being run several in- 
struments may pass well within the limits, 
only to be followed by another seemingly 
incurable “leaker”. This may need only a 
slight increase in contact pressure at a 

crucial point for a cure. But occasionally 
the mechanical designer finds to  his cha- 
grin that a scarely measurable amount of 
RF has found a configuration of supports 
and surfaces that needs only a little RF 
energy to prove itself a resonant circuit of 
inductance and capacitance. Last minute 
changes are then in order to tie down this 
last loose end. 

The Need for Rigidity 
Mechanical rigidity is a necessity in any 

accurate tool and is, in fact, often a meas- 
ure of the accuracy attainable. A brief de- 
scription of the Rp dial drive of the RX 
Met& Type 250-A will underline the rea- 
sons for the massive structures occasionally 
required in an electronic instrument. One 
arm of the 250-A bridge network is adjust- 
ed by means of a small variable capacitor, 
C2, to which is geared the Rp dial, meas- 
uring parallel resistance. Although the ca- 
pacitance range is only,about 18 mmf, the 
dial scale length is expanded to about 28 
inches with the graduations spread out 
approximately logarithmically. Therefore, 
at the end of the dial indicating irifinite 
resistance, where the capacitance is near 
maximum, the increments must be extreme- 
ly small. 

This effect is achieved by a special shape 
of the rotor plates, but the practical rea- 
lization of such small increases in capacity 
depends largely on the accuracy and rigid- 
ity of the framework and drive. In the 
250-A these requirements are met by sup- 
porting the rotor on preloaded ball bear- 
ings carried in a massive housing. Anti- 
backlash gears are of course a necessity and 
the entire system is mounted in a rigid 
casting These provisions make the rotor 
capable of resisting any deflection except 
the deliberate rotational movements need- 
ed in adjusting capacity. At the 500K ohm 
point on the dial, where the- capacitance 
stability must be of the order of 0.025%, 
an extraneous rotor movement as small as 
0.0001 inch will result in inaccuracies be- 
yond the specification limits. 

The internal resonating capacitor might 
well be called the heart of the Q-Meter, 
and is an excellent example of the inter- 
dependence of mechanical and electrical 
design. Taking the 190-A Q unit as an - 
example, the electronic requirements are 
low minimum capacitance, together with 
low and constant values of inductance and 
resistance all of which are difficult to at- 
tain in conventional designs. Mechanically 
the design must be extremely rigid to as- 
sure constant and accurate re-setability. 
The massive structure ordinarily needed to 
attain the last-named end is in direct op- 
position to the minimum capacity require- 
ment. 

Reference to Figure (2) will show how 
satisfactory solutions were found for those 
conflicting needs. 

The stator is mounted by means of two 
rods soldered into the metallized slots of 
a high quality ceramic support. Insofar 
as possible it floats in air dielectric. In 
addition, the rotor travel is restricted to 
less than 18O0, with the included angle 
of the stator reduced by a proportionate 
amount to result in the largest possible 
angular gap between the two at the mini- 
mum setting. By these means the capacity 
at minimum was limited to the lowest 
value compatable with sufficient mechani- 
cal strength. 

Low and constant inductance between 
the stator plates is achieved by milling out 
a solid bar to leave only the outer shell 
and the plates, solidly connected with each 
other along their entire peripheries. A sec- 
ondary result of this method is the “built- 
in” shielding the shell provides from ex- 
traneous fields. 

The tandem edge wipers, contacting all 
the rotor blades in parallel, serve to reduce 
the associated inductance and resistance to 
a very low and nearly constant value and 
are rhodium plated to provide good wear- 

Where other considerations do not en- 
ter, rigidity is attained in the complete 
unit by mounting all the parts on a rigid 
cast frame. All shafts are carried on pre- 
loaded ball bearings. 

... 

l 

. : 

ing qualities. ! 

Conclusion 
It is hoped that this brief description of 

instrument building from the mechanical 
point of view has shown how absorbing 
this part of the design effort- can be, and 
that it is not separate unto itself but as 
much a part of the program as is the elec- 
tronic design. Nevertheless a Mechanical 
Design Department would be something 
less than truthful for not admitting to the 
occasional feeding that it was also the focal 
point of almost everyone’s problems. How- 
ever, closer to the general truth is the plain 
fact that the Mechanical Designer has 
need for and receives much help from 
many people in the course of a design. A 
well-designed electronic instrument is the 
result of the co-operative teamwork of all- 
those concerned with its inception, design 
and manufacture. 
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F i911,e 2, The 190.A Q Unit solves the problem 01 rilJidity, low capacitonce and CDrl

stant inductance,

Deilling with RF Leakage
The means of preventiog RI1 leakage

have II major influence in dictating. the
overall design layout. An circuits carrying
heavy RF currents must be carefully bot
tiI'd up with leakage paths kept to a mini·
mum. Comrol shaft holes particularly
must be bridged by efficient shorting de
vices. The shafting necessary to operate an
RF unit may often be just the right length
to perform as an antenna at UHF fre
quencies. Gaskets or other selliing means
are necessary to seal :111 covers and all ele
ments projecting into an RF field.

RF leakage often does not rear its ugly
head Imtil near the end of a design project.
As the final tests are being run several in
struments may pass well within the limits,
only to be followed by another seemingly
incurable "leaker". This may need only a
slight increase in contact pressure at a

Conclusion
It is hoped that this brief description of

instrument building from the mechanical
point of view has shown how absorbing
this part of the design effort can be, and
that it is not separate unto itself but as
much a part of the program as is the elec
tronic design. Nevertheless a Mechanical
Design Department would be something
less than truthful for not admitting to the
o«:asional fecling that it was als6 the focal
point of almost everyone's problems, How
ever, closer to the general truth is the plain
fact that the Mechanical Designer has
need for and receives much help trom
many people in Ihe course of a design. A
well-dt'signed electronic instrument is thr
result of the co-operative tea~nwork of all-.../
those concerned with ils inception, design
and manufacture.

The internal resonating capacitor might
well bt' called the heart of the Q-Meter,
and is an excellent e"xample of the inter
dependenct' of mechanical and electrical
design. Taking the 190-11. Q unit as an '--"
example, the electronic requirements are
low minimum capacitance, together with
low and constant vailies of inductance and
resistance all of which are difficult to at-
tain in conventional designs. Mechanically
the design must be extremely rigid to as-
sur~ constant and accurate re-setability,
The massive structure ordinarily needed to
attain the last-named end is in direct op·
position to the minimum capacity require
ment.

Reference to Figure (2) will show how
satisfactory solutions were found for those
conflicting needs.

The stator is mounted by means of two
rods soldered into tlte metallized slots of
a high quality ceramic support. Insofar
as I(ossible it floats in air dielectric. In
addition, the rotor travel is restricted to
less than 180°. with the included angle
of the stator reduced by a proportionate
amount to result in the largest possible
angular gap between the two at the mini
mum setting. By these means tht' capacity
at minimum WitS limited 10 the lowest
value compatable with sufficient mechani·
cal strengtb.

Low and constant inductance between
the stator plates is achieved by milling out
a solid bar to leave only the outer shell
and the plates, solidly connected with each
other along their entire peripheries. A scr- --./
ondary result of this method is the "built-
in" shielding the shell provides from ex
traneous fields.

The tandem edge wipers. contacting all
the rotor blades in parallel, serve to reduce
the associated inductance and resistance 10

a very low and nearly conitant value and
are rhodium plated to provide good wear
ing qualities.

Where other consideutions do llOt en
ter, rigidity is attained in lhe complete
unit by mounting all the parts on a rigid
cast frame. All shafts are carried on pre
loaded ball bearings.
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crucial point for a cure. But occasionally
the mechanical designer finds to his cha
grin that a scarely meaSl.lrable amount of
RF has found a configuration of supports
and surfaces that needs only a little RF
energy to prove itself a reson:1nt circuit of
inductance and capacitance, Last minute
changes are then in order to tie down this
last loose end.

The Need for Rigidity
Mechanical rigidity is a necessity in any

accurate tool and is, in fact, often a meas
ure of the accuracy attainable. A brief de·
scription of the Rp dial drive of the RX
Meter Type no-II. will underline the rea
sons for the massive structures occasionally
required in an electronic instrument. One
arm of the no· A bridge network is adjust.
I'd by means of a small variable caracitor.
C2, to which is geared the Rp dia , meas·
uring parallel resistance, Although the ca
pacitance range is only. about 18 mmf~ the
dial scale length is expanded to about 28
inches with the graduations spread out
approximately logarithmically. Therefore,
at the end of the dial indicating in'finite
resistance, where the capacitance is ncar
maximum, the increments must be extreme
ly small.

This effect is achieved by a special shape
of the rotor plates. but the practical rca
lization of such small increases in capacity
depends largely on the accuracy and rigid.
ity of the framework and drive. In the
250-11. these requirements are met by sup'
porting the rotor on preloadI'd ball bear·
ings carried in a massive .housing. Anti
backlash gears are of course a necessity and
the entire sy.stem is mounted in a rigid
castin,l::rhese provisions make the rotor
capable of resisting any deflection except
the deliberate rotational movements need
ed in adjusting caracity. At the 500K ohm
point on the dia, where the- capacitance
stability must be of the order of 0.02'%,
an extranCC/us rotor movement as small as
0.0001 inch will result in inaccuracies be
yond the specification limits.
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circuits as far as possible, either physical
ly or by shielding, since it is the largest
single source of heat. Once the power
supply and other elements are locatea, and
an estimate made of the heat to be dissi
pated, the ventilation paths and louvers
are roughed out. Although most heat is
carried off by convection ff possible, the
complete electrical shielding often needed
around RF circuits prevent this. In these
cases, heat must be conducted away by pro·
viding shields or heavy conductors lead
ing to a large heat sink. Radiant heat is
also a factor under these conditions.
Bright metal shields can serve to "bottle
up" a good deal of heat energy, whereas
proper treatment of the surfaces will cause
them to absorb and help dissirate heat.
Final word as to the lldequacy 0 the cool,
ing provided in an instrument lIsuaily
awaits the completion of final temperature
runs on the prototypes. Convection eur
rents occasionally cause uneven hoting of
critical components, and such problems
must be resolved by batHes or CIrcuit ad
jl.!stments before the design is completely
"frozen"
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T H E  N O T E B O O K  

SERVICE N O T E S  FOR THE RX M E T E R  T Y P E  250-A 
BRUNO BARTH, Inspection Department Foreman 

f PAC’ f OAG5 

& A 0 4  

Figure 7. RX Meter showing location o f  Mixer, Ballast, and I.F. Amplifier tubes.  

Operational problems with the RX Me- 
ter often can be traced to one of two 
sources: 

Problem No. 1 concerns the mixer tube 
6AB4. 

Problem No. 2 concerns the ballast tube 

Both problems are easily identified and 
corrected in the field. In  most cases less 
time is needed to make the necessary repair 
than going through the formality of hav- 
ing a repair order issued! 

Symptoms of a noisy 6AB4 mixer tube: 
1. Difficult to balance the Rp dial. 
2.  Impossible to balance above 100 MC. 
3. Insufficient range of fine and coarse 

balance controls. 
4. Instability of the null indicator. 
5. Increased null reading. 
A quick check of the 6AB4 mixer tube 

is to tune the oscillator for maximum read- 
ing on the null indicator meter with the 
bridge unbalanced. Balance for minimum 
indication of null indicator. The reading 
may be 1 to 3 divisions or so. Switch the 
range switch out of detent. This will dis- 
able the oscillator. 

If the needle does not fall to zero the 
6AB4 is noisy. The amount indicated will 
reduce the sensitivity and accuracy of the 
Rp dial accordingly. The mixer tube GAB4 

,-, 
6H-6. 

EDITOR’S NOTE 
Due to a mechanical error Fi 2 and Fig.3 in 
the previous issue (Spring, 1955) were inter- 
changed. Also, the text in the caption at the 
foot of column 1 on page 7 should read:”. .  . 
w a s  produced by the known low level  output 
of the RF Voltage Standard.‘ We shall try to 

u’ avoid a repetition of this situation in the 
future. 

is found in the bottom rear of the bridge 
casting which contains the Cp dial assem- 
bly. (See Figure 1.) It is advisable to use 
the same brand tube as found in the instru- 
ment and it may also be necessary to try 
several tubes before satisfactory results are 
obtained. The company supplies a specially 
selected 6AB4 tube, BRC #301637. 

Incidentally, an increased null reading 
can also be caused by one or both 6AG5 
tubes in the I.F. amplifier-V201 and 
V202-trying a few tubes and checking 
the null indication will tell the story. 

Be sure to turn the instrument off when 
changing the I.F. tubes. V201 is in the 
regulated filament supply. Removal * of 
this tube in operation will overload the 
6H-6 ballast tube and also the two oscil- 
lator tubes. 

Mention of the 6H-6 ballast tube re- 
calls to mind that some instruments were 
retprned for repair because someone re- 
placed the 6H-6 with a 6H6 tube. In all 
cases replacement of the 6H6 with a 6H-6 
was all that was necessary to put the 
R X  Meter back in operation. 

Symptoms of a faulty 6H-6 ballast tube 
are: 

1. Oscillator ranges 6-7-8 intermittent 
or inoperative. 

2. Oscillator output low as indicated by 
the peak reading of less than 30 or 
35 on the null indicator. 

3. Oscillator output will decrease at the 
low frequency end of the higher 
ranges. 

6H-6 filament. 
4. Visual-any noticable kink in the 

5. Oscillator is completely inoperative. 
To check voltages use voltage check 

points of figure (2)  below. 
Removal from Cabinet : The bridge and 

oscillator assemblies of the instrument are 
permanently fastened to the front panel 
and are removed from the cabinet as a unit. 
The power supply and amplifier are con- 
structed on a separate chassis, located end- 
to-end in the rear section of the cabinet 
and fastened to the bottom of the cabinet 
by four screws each. All four major sub- 
assemblies are interconnected by cables 
with removable plugs. 

A large portion of any required main- 
tenance, such as replacement of tubes, may 
be accomplished by removing the front 
panel (with bridge and oscillator) and top 
panel together. This may be done as fol- 
lows: 

1. Remove all 1 2  black Phillips screws 
from the top panel. (Do not remove 
or  loosen any of the screws on the 
terminal plate.) 

2. Remove the four Phillips screws 
from each side of the front panel 
and the three from along the bot- 
tom edge. 

3. The top and front panels may now 
be tilted forward from the cabinet 
to provide access to the interior of 
the instrument. If it is desired to re- 
move them entirely, the plug connec- 
tions on the internal cables to the 
power supply and amplifier must 
first be disconnected. 

Be sure to replace at least two screws to 
fasten top panel and two screws to fasten 
front panel when rechecking operation of 
instrument after insertion of any new tube. 

Two years have gone by since our  first 
delivery of RX Meters. It is about time 
for some of the older instruments to de- 
velop the above symptoms, as the tubes 
by this time have weakened. 

It is hoped that the above information 
may serve to cut down costly repair and 
shipping charges. The loss of time and 
valued use of the RX Meter 250-A in pro- 
duction and in projects is well recognized. 

6.3 

TOP OF OSCILLATOR CASTING 

> FRONT PANEL 5 
Figure 2. Voltage check chart 

-7-  

THE NOTEBOOK

Figur~ ,. RX Ml!fltr showing locotion 01 Mixer, Ballast, and I.F. Amplifier tubes.

..,TOP Of" OSClLL"roR CASTING

f"RONT PANEL

Figure 2. Voltage check chorr

6,JYACt,JY
...-0",-1-_1

,.

/-C0"'-~+I!lO VOCi: 2Y

pointS of figure (2) below.
Removal from Cabinet: The bridge and

oscillator assemblies of the insttllment are
permanently fastened to the front panel
and arc removed ftom the cablOet as a unit.
The power supply and amplifier are con
structed on a s('parate chaSSIS, located end
to·end in the rear section of the cabinet
and fastened to tht, boltom of the cabinet
by four screws each. All four major sub.
assemblies arc interconnected by cables
with removable plugs.

.... large portion of any re'luired main·
tenance, such as replacement of tubes, may
be accomplished by removing the front
panel (with bridge and oS(illator) and top

r.
anel together. This may be done u fol

ows:
I. Remove all 12 black Phillips screws

from the top panel. (Do nOI remove
or loosen any of the screws on the
terminal plate.)

2. Remove the four Phillips screws
from each side of the front panel
and the three from along the bot·
tom edge.

3. The top and front panels may now
be tilted forward from the cabinet
to provide access to the interior of
the instrument. If it is desired to reo
move them entirely, the pluS connec·
tions on the internal cables to the
power supply and amplifier must
first be disconnected,

fit, sure to replace at least tWO screws to
fasten top panel and Iwo screws to fasten
fronl panel when rechecking operation of
instrument after insertion of any new tube,

Two years ha"e gone b)' since our tirst
delivery of RX Meters. It is about time
for some or the older instruments to de·
velop the above symptoms. as the tubes
by this time ha"e weakened.

[t is hoped that the abo"e information
may serve to cut down co~dy repair and
shipping charges. The loss of time and
valued use of the RX Meter nO-A in 1'10·
duct ion and in projec~s is well recognized.

o

is found in the bottom rCar of thc bridge
casting which contains the Cp dial assem·
blr. (Sec Figure I.) It is advisable to use
the same brand tube as found in the instru.
ment and il may also bc necessary to try
several tubes before satisfactory results are
obtained. The companr supplies a specially
selected 61\B4 tube, BRC #30t637.

Incidcntally, an increased null reading
can also be caused by One or both 61\G5
tuhcs in the LF, amplifier-V201 and
V202_trying a few tubes and checking
the null indication will lell the story,

Be sure to turn the instrument off when
changing the I.F. tubes. V20t is in the
regulated filament supply. Removal, of
this tube in operation will overload the
6H·6 ballast tube and also lhe two oscil.
lator lubes,

Mention of the 6H-6 ballast tube reo
calls to mind that some instruments were
ret\lrned for repair because someone rl"
placed the 6H-6 with a 6H6 tube, In all
cases replacement of the 6H6 with a 6H-6
was all that was necessary to put tbe
RX Meter back in operation.

Symptoms of a faulty 6H·6 ballast tube
are:

1. Oscillator ranges 6·7-8 intermittent
or inoperative,

2. Oscillator OUlrut low as indicated by
the peak read 109 of less than ,0 or
}5 on the null indicator,

3. Oscillator output will d<:crease at the
low fre'luency end of the higher
ranges_

<1. Visual-any nQtieable kink in Ihe
6H·6 filament.

5. Oscillator is completely inoperative.
To check voltages use "ollage check

D~" I" " ",,,chanic,,1 "'.0' Fil,2 and Fig,) in
Ihe pr""IQtjs isn't! (Spring, 1 55) we,e inte,..
chans"d, Also, Ibe I..xr In Ih .. capri"n al rh ..
/oor 0/ C<J1~"m 1 on paSe 7 sba~/d ' ..ad: ..",
was p,od~c..d by Ih .. known IO~1 1""..1 ""Ip"r
"/Ih .. RF V"llage Sl,,~da,d,· W" $h"l1 Iry I"
a"old " ,epelil!"" "I Ihis slr"alio~ i" Ih ..
l"lu,e,

SERVICE NOTES FOR THE RX METER TYPE 250·A
BRUNO BARTH, Inspection Department Foreman

Operational problems with the RX Me·
ter often can be traced to one of two
sources:

Problem No. t concerns the mixer tube
61\84.

Problem No.2 concccns the ballast tube
6H·6.

BOlh ptoblems arc easily identified and
corrected in the field. In most cases less
time is needed to make the necessary repair
than going through the formality of hav.
ing a repair order issued!

Symptoms of a noisy 6A84 mixer tube:
l. Difficult to balanc(' the Rp dial.
2. lmpossibl(' to balance above tOO MC
3. Insufficient rang(' of fine and coarse

balance wntrols.
4. Instability of the null igdicator.
5. Increased null reading.
A '1uick check of the 6AB4 mixer tube

is to tune the oscillator for maximllm read.
ing on the null indicator meter with the
bridge unbalanced. Balance for minimum
indication of null indicator. The reading
may be I to 3 divisions or so. Switch the
range switch out of detent. This will dis·
able the oscillator.

If the needle docs not fall to zero the
61\B4 is noisy, The amount indicated will
reduce the sensitivity and accuracy of the
Rp dial accordingly, The mixer tube 61\84

---EDITOR'S NOTE----
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BOONTON RADIO CORPORATION THE NOTEBOOK 

Q METER AWARD 

I 
Dr. G. A. Downsbrough, President and General Manager of Boonton Radio Corporation, 
is shown above reviewing the card which he has just drawn to determine the winner of 
the Q Meter also shown in the picture. This Q Meter, displayed at our booth in the 
IRE Exhibits at Kingsbridge Armory in March, was to be awarded to one of our guests 
who completed a registration card at the booth. 

The winning card was drawn from sev- 
eral thousand cards completed by our 
friends at the show and was signed by Mr.  
Waldemar Horizny, Technical Supervisor 
and Assistant Director of the Home Study 
Department, of RCA Institutes, Inc., of 
New York City. Mr.  Horizny was born 
in Detroit, Michigan in 1921 and was 
awarded a BA degree from New York 
University in 1943. For a good number 
of years, he has been employed by RCA 
Institutes, Inc., a Service Company of 
Radio Corporation of America. Initially, 
he served as an instructor, and is now part 
of the Administrative Staff, His resnonsi- 
bilities entail supervising a l l  technical 
operations of the Home Study Department, 
setting u p  courses of study, etc. His De- 
partment has prepared a Home Study 
Course in Television Servicing, and re- 
cently completed a Color Television 
Course. The department is now preparing 
a general radio and electronics course. 

Mr. Horizny, in accepting the award, 
commented “The Boonton Q Meter is no  
stranger, as it is no stranger to many other 
workers in the field. I have used the in- 
strument in classroom instruction and for 
work related to the preparation of our 
courses.” 

Mr.  Horizny lives at 138 Cypress Street 
in Floral Park, New York. He  expects to 
use his Q Meter in his work for a period 
of time after which he will move it to his 
home laboratory. 

W e  wish to thank all of the people who 
came by to see our exhibit a t  the IRE.  
We’ll welcome you at  future shows. 

. 
ii 

i/ 

ALBUQUERQUE, New Mexico 
NEELY ENTERPRISES 
107 Washington Street, S.E. 
Telephone: 5-5586 

ATLANTA, Georgia 
BlVlNS & CALDWELL 
267 East  Paces Road, N. E. 
Telephone: Cherokee 7522 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
Intervale Road 
Telephone: Deerfield 4-3200 

BUFFALO, New York 
E. A. OSSMANN & ASSOC., INC. 
43 Greenfield Avenue, 
Homburg, New York 
Telephone: Frontier 9563 

CHICAGO 40, Illinois 
ALFRED CROSSLEY ASSO’S., INC. 
4501 N. Rovenswood Avenue 
Telephone: Uptown 8-1 141 

DALLAS 9. Texas 
EARL LIPSCOMB ASSOCIATES 
P.O. Box 7084 
Telephone: Elmhurst 5345 

DAYTON 9, Ohim 
ALFRED CROSSLEY ASSO’S., INC- 
53 Pork Avenue 
Telephone: Oxmoor 3594 

HIGH POINT, North Corolino 
BIVINS & CALDWELL 
Security Bank Building 
Telephone: High Point 3672 

NEW HAVEN, Connecticut 
ROBERT A. WATERS, INC. 
1150 Whalley Avenue 
Telephone: Fulton 7-6760 

PHOENIX, Arizona 
NEELY ENTERPRISES 
641 East Missouri Avenue 
Telephone: Crestwood 4-5431 

HOUSTON, Texor PITTSBURGH 19, Pennrylvanio 
H.E. RANSFORD COMPANY 
Grant Bullding 
Telephone: Grant 1-1880 

ROCHESTER 10. New York 

EARL LIPSCOMB ASSOCIATES 
P.O. Box 6573 
Telephone: Jackson 4-9303 

LOS ANGELES 46, Cdi fornio 
NEELY ENTERPRISES, E.A. OSSMANN a ASSOC., INC. 

3 Juniper Street 
Telephone: Culver 7640 

3939 Lonkershim Boulevard, 
North Hollywood, California 
Telephone: Stanley 7-0721 

SACRAMENTO 14, Colifornio 
NEELY ENTERPRISES 
1317 15th Street 
Telephone: Gilbert 2-8901 

B O O f l O N  R A D I O  

SAN DlEGO 6, Colifornio 
NEELY ENTERPRISES 
1029 Rosecrons Street 
Tel.ephone: Acodemy 3-8106 

SAN FRANCISCO 18, Coiifornio 
NEELY ENTERPRISES 
2830 Geary Boulevard 
Telephone: Walnut 1-2361 

ST. PAUL 14, Minnesota 
ALFRED CROSSLEY ASSO’S., INC. 
2388 University Avenue 
Telephone: Midway 5-4955 

SYRACUSE, New York 
E.A. OSSMANN ASSOC., INC. 
308 Merritt.Avenue 
Telephone: Syracuse 9-3825 

BAYLY ENGINEERING, LTD. 
First  Street, 
Aiax, Ontario, Conado 
Telephone: Empire 8-6866 (Toronto) 

TORONTO, Ontario, Canado 

Aiax 118 
WALTHAM 54, Mossashusefts 

ROBERT A. WATERS, INC. 
4 Gordon Street 
Telephone: Waltham 5-6900 

I 

NEW JERSEY 

L/ 
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I

,

Dr. G. A. Downsbrough, Presidenl and General Manager 01 Boonlon Radio Corporation,
/s shown above reviewing Ihe cord whieh he hos iusl drown to d.termine th. winner 01
Ih. Q Met.r a/so shown in th. pielure. This Q Meter, displayed 01 our booth in lhe
/RE Ellfhibils at KingslHiJg• Armory in March, was 10 be owo,ded to 0".. 01 our guests
who eompl.,ed a registration eo,d 01 the booth.

Th~ Winning card "':IS dra.. n from SC\'
eral Ihounnd cards complet(·d b) our
friends at Ihe sho",' and was sl~ned by Mf
Waldemar HOrlzny. Technlnl Supernso,
and ....sslStanl Dtrtclo, of the Home Studr
Department, of RCA Institutes. Inc" of
Ntw York Gty, Mr, Hofizll)' was born
in Detroit, Michigan in 1921 and "'as
3"'Hded a BA degree from Nc'" York
Universily in 19H, I'or a /o1ood number
of rears. he h;l~ been emplo)'ed by RCA
InSlllutcs, Inc, a Sen'ice CompJ.n)' of
RadiO Corpoullon of ....meric... 1nuiall)'.
he sen'ed :u an InsrrU(lOt. and is no..' part
of Ihe AdmlnisnaU\'e Staff. H,s resnansi·
b,!ltlcs entAil sUpt'",jsing all tecnnl(;,ll
operatIons of the Home Stud)' Department.
setting up courst'S of $fudy, etc, H,s De
partmenl has prepared a Home Stud)'
Course in TeleviSIon Servinng, and reo
cently compleled a Color 1'tlevlsion
Course. The department is now prtpHing
a ~entral radio ",nd eJenrOlllcs courst.

Mr. Horizlly. in ",cc~pting The award.
comm~llted "The Boontoll Q MeIer IS no
stranger. as II IS nO strange, 10 many other
workers in the field. I ha\"e used the in

Strument in classroom instruction :And for
work relJ.led 10 the preparation of our
courses:'

Mr. Hori:zny livt'5 at US Cypress Strttt
In Floral Park. New York, Hc upe<tS to
use his Q Meter in his work for a period
o( tIme afler which he will move It to his
horne laboratory,

We ... ish 10 thank ;til of the pt-ople who
came by 10 s« our e"hibit at tht IRE.
We'll wclcome you al future ,ho\':s.
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Applications of a Sweep Signal Generator 
FRANK G .  MARBLE, V i c e  P r e s i d e n t -  Sales 

The design techniques used in the develop- 
ment of a new Sweep Frequency Signal Gen- 
erator were discussed in the Spring 1955 
Number 5 Issue of THE NOTEBOOK.* 
That discussion covered the methods used to 
obtain the performance required of a pre- 
cision AM modulated Signal Generator, 
sweep and marker system in a single instru- 
ment. This article continues the discussion 
by considering some of the various methods 
by which such an instrument can be used. 

One advantage of a sweep frequency signal 
generator lies in its ability to save time and 
thus economize engineering manpower, free- 
ing it for other constructive work. One might, 
for instance, use an adjustable frequency, ad- 
justable level cw signal generator to obtain 
output-vs-input data for an if amplifier at 

4 several discrete frequency points. This data 
can then be plotted on a graph showing re- 
sponse-vs-frequency to obtain the pass-band 
of the circuit. For each circuit readjustment 
this procedure must be repeated. For a nar- 
row pass-band circuit this process is at best 
tedious, but for a broad-band circuit its time 
requirements are virtually prohibitive. 

The simultaneous display of the response- 
vs-frequency curve of a circuit on the screen 
of a cathode ray oscilloscope by a sweep fre- 
quency signal generator system, and the in- 
stantaneous indication of changes caused by 
adjustments expedites the engineer's work 
enormously. Another advantage of the sweep 
method is the practical fact that some of the 
time so saved will be used to obtain refine- 
ments which would have been overlooked 
using the slower single frequency methods. 

*"Sweep Frequency Signal Generator Design 
Techniques* John H .  Metmie and Chi Lung 
K m g -  The  Notebook Spring 1955 Number 5. 

YOU WILL FIND 

Applications of a Sweep 
Signal Generator-- Page I 
Use of the RF Voltage 
Standard Type 245-A--..-- Page 4 
Calibration of the Internal Resonating 
Capacitor of the Q Meter- Page 7 
Editors Note Page 8 

2 4 0 - A  RECEIVER 

Figure 1. The author ad'usts the pass - band of the IF amplifier below the 4.5 mc hwer 
limit of the Sweep SignalGenerator240-A by using the Univerter Type203-B. Th is  com- 
bination permits cw and sweep measurements from 0.1 to 120 megacycles per second. 

Besides the savings in time and the greater 
practical refinement obtained, some informa- 
tion is immediately observed by sweep meth- 
ods which can be easily overlooked in the 
point by point method. Regeneration effects 
and "suck-outs" may cause changes in the 
response curve which persist over only a very 
narrow range of frequencies. Since cw 
measurements are made at discrete frequency 
points only, it is possible to obtain a smooth 
response curve excluding these effects if they 
happen to lie between the selected measure- 
ment points. A Sweep Signal Generator pre- 
sents data which is continuous with fre- 
quency. This removes the possibility of miss- 
ing important information. 

The Basic Measuring System 
Fig 2 shows the 240-A, a broad band 

detector, and an oscilloscope interconnected. 
The resultant information which appears on 
the screen of the oscilloscope is shown in 
enlarged form in the photograph in Figure 3. 
The display is a graph with abscissa pro- 
portional to frequency and ordinate propor- 
tional to the amplitude response of the detec- 
tor circuit. 

The interconnections in Figure 2 required 
to obtain the display include the connection 
of the rf output of the signal generator to 
the detector whose output connects to a 

marker adder circuit "Test In" in the Signal 
Generator and hence to the vertical deflection 
amplifier of the oscilloscope. The sawtooth of 

CRYSTAL 
MARKS & 

Figure L. I ypicar interconnections ot  weep 
Signal Generatw Type 240 -A, Test Circuit 
(Broad Band Detector) and Oscilloscope. 

PULSE MARKS - 
AMPLITUDE - 

L F R E r ) " E N C Y  -.- 

Figure 3. Enlarged photograph of the 
display appearing on the screen of the 
oscilloscope in figure 2. 
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Fi9"'. 1. Tire autllor oJi"'" the pass oAoml 01 the IF amplili•• """ow ,h. 4.S IIlC low••
Ilml' 01 ,I..Sw..pSI900/Gene,atorUO.A by "a;n9 ,h. Un;ven•• Typ.203.B. Tlti, eo
bi_tio" p••mita cw anti ,w••p meonK._"'S lram 0.1 to 120 mlt9ocyd.s pe' SKO#lJ.
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nu.rkcr adder circuit "Test 10" in the Signal
Generator" and hence co the vertical ddlection
amplifier of the oscilloscope. The sawtooth of

Fipe 2. Typical ''''Mcc;doecti_ 01 Sw..p
Siqnof Gene,ator Type 240.A. T.st Oreuit
(BroarIB-' llmctwJ and Oscilfoscope.

Figur. 3. E"/org.d photograph 01 the
Jisp/ay ;,ppeorl"9 on ,h. ser..n 01 the
o.cilloseo". I" II, ..... 2.

Besides the savings in time and the greater
pnctical refinement obtaine<:!, some informa_
cion is immediately observed by swttp meth
ods which an be easily overlooked in the
point by point method. Regeneration effects
Ind "Suck-Duts" nuy cause changes in the
response curve which persist aver only a very
narrow nnBe of frequencies. Since cw
measurements Ire made al discrete frequency
points only, ic is possible to obtain a smooth
response curve excludinB these effects jf they
happen co lie between the selected measUK·

menl points. A Sweep Signal Generator pre
sents data which is continuous with fre
quency. This removes the possibility of miss·
ing importanc in(ormat.ion.

Th. BilSi~ Menuring Syste.....
FIg 2 shows the 240·A, a broad band

detector. and an oscilloscope interconnected..
The rt'$U.lunt infomution which appears on
the screen of the oscilloscope is Shown in
enlarged form in the photog.....ph in Figure 3.
The disflay is a graph with abscissa pro
portiona to frequency and ordinate propor·
tionalto the amplitude response of the detec
tor circuit.

The interconnections in Figure 2 required
to obtlin the display include the connection
of the rf output of the signal Benerator to
the detector 'Whose o"tput connects to I

··S_cp Fn.,..crK')' Sip.J G.....c ..tor DC6".
T.,..b"'lfll.,6· Jee.. H. /C.,_i., ."J C#ri L ...,
K_,_ Tho: NOf"b004 S,""8 /9H H......,. ,.

The deign techniques used in the dr~idop

mene of .. new Sweep frC<:Jucncy Signal Gen
erator were di5CUSSCd in the Spring 195)
Number , Issue of TH.l: NOTEBOOK.•
That discussion covered the methods used to
obtain the performance rrquired of • pre·
cision ....M modulated Signal Q-netaIOr,
sweep ;a.nd marker syKem in II. single irutru·
mmt, This article continues the diS(\1$sion
by considering some of the various mcthoos
by which such an instrument can ~ used,
O~ advantage of a sweep frequency signal

generator lies in its ability to save time and
thus trooomile engineering manpower, free·
iog it for other constructive ...·ork.. One might,
lor in~. usc an adjustable frequency, ad·
justable le-"el cw signd generator to obtain
ourput.\"S.input dati for an il amplifier at
sev~1 discrete frequency points. This data
an then ~ plottrd on I graph !hawing reo
sporuc-vs-frequency to obbin the fWII-l»nd
of the cirruil. For each circuit rcadjUSUJ'lmt
this procrdure mil$( be repeated. For a nu
row pus-band circuit this procas is at be$t
tedious, buc for a broad·band circuit its time
requirements arc virtually prohibitive.

The simultiUlCOUS display of the response
va-frequency curve of a circuit on the screen
of a nthode ra7 oscilloscope by a sweep fre
quency siBnai generator system and the in
stantaneous indication of changes caused b1
adjustments expeditt'S the engineer's wor
enormously. Another advantage of the sweep
method is the practical f.a that some of the
cime 50 save<:! will be used to obtain re/ioe
mmC$ which ""QUId have been ()\.-crlooke<:!
using the slower single frequency methods.

YOU WILL FINO

Applications of a Sw..p
Siinol G"... rutOf" PO<jf: J
Uu 01 ,I.e RF Vol,oge
S'onJo.J Typ. 24S·A Pogo 4
Col/bration 01 the IntwrPQ/ Resonating
CopocitOf" 0/,1.. Q M.'er__ POie 7
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voltage which frequency modulates the con- 
stant-amplitude RF output of the Signal Gen- 
erator is connected to the horizontal deflec- 
tion amplifier of the oscilloscope. 

The sawtooth voltage, while increasing in 
amplitude, modulates the constant amplitude 
RF output from a minimum to a maximum 
frequency. Simultaneously it deflects the 
oscilloscope from left to right. At the maxi- 
mum frequency point the sawtooth starts de- 
creasing in amplitude, the rf output of the 
signal generator is reduced to zero, the oscil- 
loscope deflected from right to left and the 
tuning mechanism of the signal generator 
returned to the minimum frequency point. 
The constant amplitude rf output reappears 
and the cycle is repeated. 

The lower line in the display in Figure 3 
represents the reference line of the graph or 
line of zero input and the upper line the 
detector response curve. 

The frequencies along the Abscissa must 
be identified if the response curve is to have 
meaning. In the Sweep Signal Generator 
Type 240.~4, frequency identification is ac- 
complished by two types of marks. The marks 
at (a) in Figure 3 appear at the harmonics 
of a crystal oscillating at 2.5, 0.5, or 0.1 
megacycles. The marks indicated by the 
arrows marked (A) have separation of 2.5 
megacycles. The center frequency can be 
identified from the tuning dial of the Signal 
Generator. With the center frequency iden- 
tified the frequency of each of the other 
marks can be deduced since the frequency 
spacing is known. 

The marks at (B)  on Figure 3 are sharp 
narrow pulses, The position of these pulses 
can be adiusted along the frequency axis by 

Figure 4. Oscilloscope display resulting 
from insertion of a seiective circuit and 
associated detector in Sweep Signal Generator 
test circuit. 

front panel controls, The crystal marks can 
be switched off after the pulses have been 
positioned to coincide with any two of these 
marks. This leaves these two frequencies 
marked in a manner which causes minimum 
interference with the reference curve. The 
pulses (B) can also be positioned between 
two crystal marks (A)  since the frequency 
changes linearly with distance. The crystal 
marks can then be switched off. In this way, 
any two frequencies along the frequency axis 
can be marked. 

The marks shown at (A) and (B)  on 
Figure 3 are added to the display in the 
marker-adder circuit through which the sig- 
nal from the detector (shown in Figure 2)  
passes before it is connected to the vertical 
deflection amplifier of the oscilloscope. 

Determination of Selectivity and 
Sensitivity 

The elements of a Sweep Signal Generator 
system for measuring selectivity and sensitiv- 
ity of a test circuit are the same as shown in 
Figure 2 with the test circuit inserted between 
the RF output and the detector. If the test 
circuit contains a detector, the detector in 
Figure 2 can obviously be omitted. The re- 
sultant display appears in Figure 4. The con- 
stant amplitude signal source is frequency 
modulated or swept from a low to a higher 
frequency at a slow rate compared to the 
signal frequency. When the maximum fre- 
quency of the sweep is reached the signal 
source output is turned off and the generator 
returned to the low frequency point for a 
subsequent sweep from low to high fre- 
quency. 

Figure 5. lnterconnections for observa- 
tion of pass band of a single stage with- 
in an IF amplifier. 

The test circuit detector provides response 
curve of attenuation vs. frequency and fre- 
quency identification marks are added to the 
varying signal from the test circuit. 

The horizontal deflection connections of 
the oscilloscope are connected to the same 
voltage that sweeps the signal source. The dis- 
play on the oscilloscope, Figure 4, includes 
the response vs. frequency response of the 
test circuit, the frequency identification marks 
and a base or zero reference line indicating 
the level out of the test circuit with no input. 
The selectivity of the test circuit is apparent 
from a comparison of the change in response 
vs. the number of megacycles or kilocycles 
per inch along the horizontal axis of the dis- 
play. This frequency calibration of the hori- 
zontal axis is deduced from the markers 
shown. 

Selectivity usually varies with signal level 
as a result of AGC, limiters, non-linear 

amplifier, etc. Therefore it is important to 
test it at various operating signal levels. The 
Sweep Signal Generator Type 240-A, men- 
tioned in the article cited in the first para- 
graph of this article, provides calibrated out- 
put level from 1.0 to 300,000 microvolts 
while sweeping. Its leakage is sufficiently low 
to permit use of an external 20 db attenuator 
to obtain outputs down to 0.1 microvolt. 

.-’ 

m o n n e c t i o n s  for stua, f 
cable and cable termination characteris- 
tics. 

Selectivity of Single Stages 
The system of connection in Figure 2 is 

suitable for receivers, filters or amplifiers. 
The terminated rf cable (a 50 ohm system) 
is connected into the input of the test circuit. 
The detector of the test circuit is connected 
to the marker adder circuit in the sweep 
signal generator (input impedance 1 meg- 
ohm). The use of a sweep signal source is 
not limited to complete receivers or ampli- 
fiers, however. So long as arrangements are 
made to avoid any effect on the sensitivity or 
selectivity of the circuit under test by the 
impedance of the rf output of the Sweep 
Signal Generator or of the detector the selec- 
tivity-sensitivity characteristics of any circuit 
may be observed within the sensitivity limits 
of the oscilloscope being used. 

A convenient method of observing the pass 
band of a single stage appears in Figure 5. 
The output of the Sweep Signal Generator 
connects to the grid of the tube which con- 
tains the test stage in its plate circuit. A 
broad band detector is connected to the plate 
of the following stage through a coupling 
condenser. The low input impedance of the 
detector lowers the Q of the circuit in the 
plate of this tube so materially as to make its 
effect on the final result insignificant. The 
tuned circuit of tube V1 is operating under 
its normal condition and its sensitivity-selec- 
tivity characteristic can be observed on the 
oscilloscope. 

Study of Pass Band Characteristics 
The Q of the pass band of a test circuit 

can be approximately deduced by use of a 
sweep signal generator. As discussed above 
the response curve of a circuit can be dis- 
played on an amplitude vs. frequency graph 
on the face of a cathode ray tube. The mark- 
ing system of the Sweep Frequency Signal 
Generator makes it possible to identify any 
frequency along the horizontal axis. Since 
the response in the vertical direction on the 
oscilloscope is linear, a point 0.707 times the 
distance from the zero or reference line to the 
peak of the response curve can be located 
on each side of the peak. From the frequency 

ii 

marking system the frequency difference W 
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vollage which frl"'quency modulates the con
stant.amplitude RF outpUt of the Signal Gen
etator is connected to the horizontal deRec
tion amplifier of the os<:illoscope.

The sawtooth ,'ollage, while increasing in
ampliwde, modulates the constant amplitude
Rl1 output from a minimum to a maximum
ftC'quency. Simultaneously it deBe<:ts the
oscilloscope from left to right. AI the maxi
mum fre.;l~ncy point the sa\l,100lh st1.rlS de
creasing III amplitude, ~ rf OIItplJt of the
signal generator is rwuced to zero, {he oscil
loscope ddl«tw from righl to left and lhe
luning medunism of Ilwo signal generator
rd:urnw to !hi: minimum frequency point.
The C'OI1SIant amplitude rf output reappors
and the cycle is repeatw.

The lower line in the display in Figure 3
reprnents the ~fereDC\" line of the gnph or
line of zero IIlpUI and the Uppel hoe the
ckteaor rdponse curve.

The frequencies along the Ab$ciS$.t. must
be identified if the responSol.' CUl"'e iJ to have
meaOlng. In the Swe-ep Signal Generator
Type 2-40·A, frequetK}' identification is ac·
complished by two types of marks. The marks
at (a) in Figure 3 appear at the harmonia
of & crystal oscillating at 2.~, O.~. or 0.•
megacycles. The marks indicated by the
arrows marked (A) have 5<'paration of 2.~

megacycles. The ~enter frequency an be
identified from the tuning dial of the Signal
Generator. With the center frequency iden
tified the freql.lency of each of the other
marks an be deduced since the frequency
spacing is known.

The marks at (8) on Figure 3 are sharp
narrow pulses. The position of these pulses
can be adjusted along the frequeocy axis by

FiVur.4. Oaclll03cope diaplay ,uu/ting
,,_ ;n.."ion 01 0 s~/.cli\f. cifeuit and
(JlIsociate<l de1KtOf in S-"Signol Genetot...
"st circuit.

f roll! panel controb. The crySllll marks ca.n
be switched off alter Ike pulse5 have been
positioned 10 coincide with lOy twO of these
marks. Thi$ lta,'CS these two I~ies
nurked io a mannet whICh causes mtnimWD
IIlterfercnce with the ~lerence curve. The
pulses (B) C1lIl also be pos,tioned between
1"''0 Cf)"Stal marks (A) SHl(e the frequmcy
changes lineuly with distance. The crystal
m.uks an then be switched off. In thiJ way,
lOy two frequencies along tke frequency axis
em be marked.

The mnks shown at (A) and (B) on
Figure 3 are added to the dis.l?lay in the
marker-adder circuit through which the sig.
nal from the detector (shown in Figur~ 2)
passes before il i5 connected to the vertial
dell«tion amplifier of th~ o5Cilloscope.

Determin.tion of Selectivity and
Sensitivity

·J1J.e e1em~nts of a Sweep Signal Generator
syslem (or measuring selectivity and sensitiv.
ity of a tt'St circuit are the same as shown in
Figure 2 with the test circuit inserted between
the RF output and the del«tor. If the tcst
circuit contains a der«tor, the der«tor in
Figure 2 can obviously be omitted. The re
sultant display appears in Figure 4. The con·
stant amplitude signal source is frequency
modulated or swept from a low to a higher
frequency at a slow rare compued 10 the
signa.! frcql>tnCJ'. When the maximum fre
quency of the n,'erp IS reached the signal
~ OUtput is turned off and the: gt"OCntor
returned to the low frequency point for a
subH-qllrnt .JWa:p from low to high freo
qurncy.

Figure 5. Int.rconn.diona 10' obse,\fa
'ion 01 pan bond 01 a S;n9/. sta9. with.
in on IF amplilier.

The test circuit detector provides response
curve of attenuMion vs. rr~quency and fre
qu~ncy identification marks are added to the
varying signal from lhe test circuit.

1l1e horizonl1.J deSertion connections of
the oscilloscope are connected to the same
voltage that sweeps the signal source. The dis
play on the oscilloscope, Fjgu~ -4, ioclucks
the respons<' \'S. I requency response of the
test circu,t. the frequency identiutOn marks
and a ba5e or zero referl.'fl(e line indicating
the Ie-·el out of the test circuit with no input.
The seleai,·,ty of the: lest circuil is apparent
from a compariloOn of the change in raponSol.'
\'S. the number of megacycles or kilOC)"Cles
per ioch aloog the horizontal axis of the dis·
play. This frequency calibratlon of the bori
l-ootal axis iJ dedueed (rom the markers
shown.

Selectivity usually ...aries with signal le,·el
as a result of AGe, limiters. noo·lintar

2

amplifier, erc. 7herefore it is importaot to
test it at v&rious openting signal 1C1·e1s. 1be
S"'up Signal GeneratOr Type 2-40-1., men·
linned in the article cited in the first pan_
graph of Ihis article, pl'01'ides calibrated out
put level from 1.0 to }OO,OOO m>crovolts
while s....eeping. lIS 1C3hgl.' is sufficient..ly low
10 permit ~ of an external 20 db attenuator
to obtain outputs down tl:I 0.1 microvolt.

F 19u,e 6. Int.reonneclions lor stUdy 01
eobl. artd eabl. termination eharaeterla.
tics.

Seleetivity of S'nllle Shilles
The system of connection in Figur~ 2 is

suitabl~ for receivers, filters or amplifien.
The terminated rf cable (a ~O ohm syst~m)

is connected into the input of the' lest circu,t.
The detector of the test circuit iJ connecred
to lhe: ourker adder circuit in Ih~ sweep
signal ~eralor (input impedance 1 ~8

ohm). The use of .. I'lo'erp signal source i$
DOl limiled to cornr.lete recei.·cn or ampli.
6cn, ooWC"Ver. So ong as arr.tn,gements are
made to avoid anr effect on t~ sensitivity or
sel«tivity of the circuit under test by the
Impedance of lhe: rl output of the S...·eep
Sigllal Gentnllor or of the: d~lector the selec_
tivity·sensltivily characteristia of any circuil
nuy be nIlsen·ed within the sensitivity limits
of the oscilloscope being uscc:I.

A convenIent method of omerving the pus
band of &single stage- appears in Figure ~.

The ourput of the! Sweep Signal Genera!Or
connects to the grid of the luhe: which con·
tains lhe test m.g~ in iu plate circuit. A
broad band detector is connected to the p/4te
of the foliowing stage through a coupling
condenser. The low input impedanc~ of the
detector lowers th~ Q of the circuit in the
plate of this tube SO materially as to mak~ its
effect on lhe final rt.':5ult insignifiunt. Th~

tuned circuit of tube V I is operating under
its normal condition and its sensilivity.selee.
tivity characteristic an be obsl'rved on the
oscilloscope.

Studr of Pus BInd Charlderistiu
The Q of Ike pass band of a test circuit

can he: approxlmatdy deduced by usc of a
5""erp SIgn&! gt'nerator. As discussed above
the response cun·e of a circuit un be d,s.
plared on &n amphtude vs. frequency graph
on the face of .. uthode ray tubC'. The rmrl;.
ing systern of the Sweep Frequency S,g01ll
Generator makes 11 posiilble to idcnllf)' any
frequency along the honwat:al axis. Since
lhe response In the' vert.cal directIOn on the
oscilloscope is linear, a point 0.707 Ii the:
distance from the aero or reference line 10 the
peak of the response cun·e can be located
on each side of die peak. FlOm the frequency
marking $yJt~m the frequency difference
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( n f )  between these two points and the fre- 
quency of the peak can be obtained. Q can - then be obtained from the following 
formula: Q = f, 

Af 
Adjustment or Stagger Tuned Circuits 

Broad pass bands are often obtained by 
adjusting the resonant frequencies of suc- 
cessive single tuned circuits to slightly differ- 
ent frequencies within the desired pass band. 
The overall result is a relatively flat pass band 
broader in frequency than any one of the in- 
dividual tuned circuits. 

To adjust this type of amplifier, it is 
normally quicker to first resonate each indi- 
vidual circuit to the proper frequency with a 
cw signal generator. After completion of 
this procedure, the overall pass band con- 
figuration can be investigated and “touch up” 
adjustment made with a sweep signal gen- 
erator. The Sweep Signal Generator Type 
240-A is excellently suited to this procedure 
since it operates as a cw (with or without 
AM) or sweep signal generator, without 
the necessity of disturbing the input or out- 
put connections to the test circuit. A Vacuum 
Tube Voltmeter can be bridged across the 
input to the vertical deflection amplifier in- 
put of the oscilloscope for the single fre- 
quency work. The oscilloscope of course is 
used for the overall investigation and “touch 
up.” Since the output monitoring and at- 
tenuation system is equally applicable to cw 
and sweep work the sensitivity can easily be 
checked under either condition. 

Study of Cable Characteristics 
The characteristics of high frequency cables 

may be investigated by use of a sweep fre- 
quency signal generator. In Figure 6 a sweep 
signal generator is shown connected to the 
input of a length of high frequency cable. 
Also connected to the input of the cable is a 
wide band detector. The low frequency 
sweep voltage from the sweep signal gen- 
erator is connected to the horizontal deflec- 
tion input of the oscilloscope. The RF signal, 
swept or frequency modulated at a low rate 
of 60 times per second, is fed into the cable. 
Reflected signal from imperfections in the 
cable or the termination arrives back at the 

u’ 

Figure 7. Oscilloscope display indica- 
ting amplitude of reflected energy from a 
termination coaxial cable. 
input a finite time later. Since during this 
finite time the input signal has changed to 
a new frequency, an audio difference fre- 
quency (input frequency minus reflected fre- 

1 quency) appears across the output of the 
detector. The amplitude of the input signal 

is great and constant and the reflected fre- 
quency amplitude for a near match is small 
and variable. The amount of energy reflected 
from the end of the line depends on the cor- 
rectness of the termination and varies from 
zero for a perfect match to a finite value pro- 
portional to the mismatch for mismatched 
lines. Since the termination impedance will, 
in general, vary with frequency, the amount 
of energy reflected will also vary. The audio 
frequency from the detector appears on the 
oscilloscope, The envelope amplitude of the 
display is proportional to the instantaneous 
reflected signal and the abscissa is propor- 
tional to frequency of RF input as shown in 

Figure 8. Diagram of equipment and con- 
nections for measurement of linearity of 
FM discriminator. 

With a perfect termination over the fre- 
quency range in question, various cables can 
be observed for imperfections in construction. 
A periodic variation in dielectric constant of 
the cable insulation will exhibit itself on the 
oscilloscope display. 

Adjustable resistance load will permit 
quick determination of the Z ,  for long cable 
lengths. 

The linearity of F M  Discriminators 
The Sweep Signal Generator Type 240-A 

provides a powerful method of determining 
the linearity of an FM discriminator. The 
method is indicated in Figure 8. A low fre- 
quency (60 cps) sweep, adjusted to sweep 
the full frequency range of the discriminator, 
and a higher frequency sweep (400 cps) is 
fed into the EXT sweep input of the Sweep 
Signal Generator. The high frequency volt- 
age is adjusted to sweep only a small fraction 
of the frequency range of the discriminator. 
In effect the high frequency sweep explores 
the slope of each section of the discriminator 
while it is slowly moved from section to sec- 
tion by the low frequency sweep. The output 
is detected and passed through a high pass 
filter which passes only the resulting 400 cps 
note. The display of the amplitude of this 
note vs. the low frequency. sweep affords a 
visual display in which the slope of the 
amplitude of the envelope of the 400 cps 
note is proportional to FM discriminator line- 
arity. A constant amplitude indicates a linear 
discriminator whereas a varying amplitude 
indicates a variation in linearity. 

The Study of Crystal Modes 
The rapid location of the several frequency 

modes at which a crystal oscillates is impor- 
tant but tedious by discrete frequency meth- 
ods. The Sweep Signal Generator Type 240- 
A provides a frequency sweep on which indi- 
vidual frequencies can be identified by the 

marker system included in the generator. h 
crystal, however, has such a high Q that 
sweep rates must be very low to prevent ring- 
ing and spurious responses. By using an 
oscilloscope with low frequency sawtooth 
sweep available, the 240-A can be swept at 
frequencies of 1 or 2 cps by connecting the 
oscilloscope sweep output to the “External 

SIGNAL 
GENERATOR 

.  re 9. Equipment arrangement for 
measurement of quartz crystal character- 
istics . 
Sweep” of the 240-A. The system is then 
connected as shown in Figure 9. By varying 
the center frequency of the 240-A and its 
sweep width the crystal can be explored for 
responses over a considerable frequency 
range. 

Extension of the Frequency Range 
The lowest center frequency of the Sweep 

Frequency Signal Generator Type 240-A is 
4.5 megacycles. At this frequency the sweep 
frequency capabilities of the instrument are 
2 1 %  to 1 3 0 %  of center frequency or 
2 4 5  KC to :t 1.35 MC. For applications in 
television video amplifiers both for color and 
black and white, and aircraft navigation re- 
ceiver intermediate frequency amplifiers, 
lower center frequencies and/or broader 
sweeps are required. Both these requirements 
can be met by use of the Univerter Type 203- 
B with the Sweep Frequency Signal Gen- 
erator Type 240-A. The 203-B consists of a 
broad band mixer with local oscillator at 70 
MC. followed by a broad band amplifier with 
a 50 ohm output. The gain of the 203-B is 
set at unity. Figure 1 shows the 240-A, 203- 
B in a measuring set-up. In use the 240-A 
is tuned to a frequency equal to 70 MC plus 
the desired output center frequency from the 
system. Sweeps from 2 0 . 7  MC to 1 1 5  MC 
are available. Single frequency outputs un- 
modulated or with AM modulation can be 
obtained. Thus single frequency or sweep 
outputs are made available over the band 
width of the 203-B which is 0.1 to 25 MC. 

Summary 
The Sweep Signal Generator is a powerful 

tool of considerable flexibility. It not only 
saves considerable time but makes refine- 
ments possible in circuit adjustment and de- 
velopment which would not normallv be 
pos’ble‘ T H E  AUTHOR 
FrankG.Marb1e.s career covers a broad fiela 
of engineering experience: design G develop- 
ment work for Philco: coordinator on various 
government projects; two years  with Western 
Electric’s electrical research division G en- 
gineering administrative pos t s  with Prutt G 
Wbitney Aircraft G Kay Electrical Co. Mr. 
Marble bas been with Boonton Radio since 
I951 G a Vice-president-sales since 1954. 
MI. Marble has a BS in E E  (Mississippi State 
ColleQe 1934) G an MS in EE (M.I.T. 1935). 
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(nf) bctvo'ttll ttlde tWO P0InU and the fre·
quency of the pe:U: can be obt.a..inM. Q an
tnm be' obt"ned from the follo....ing
formub.: Q - L>..
Adjustmen,.1.~t St'IliSet Tuned Circuits
Bro~d p~ss b~nds are often obt~incd by

adjusrmg rhe rcson.lnt frequencies of suc·
cessive single runed circuiu to slightly dilJer·
ent frequencies ....ithin the desired pass band.
The overall result is a relatively flat pass band
bro.lder in frequency th.ln .lny one of the in·
dividu.d tuned circuits.

To adjust this type of amplifier, it is
TlOl'11Ully quiaer to first resonate euh indio
... idull cirroil to the proper frequency with a
cw sign.tl ~I'ltor. After complerion of
Ih,s procedure, Ihe (we",,11 p.lSS bimd con·
figuruion = be investigate<! and "rouch I'll'''
adjustme'l1l nwIe w,th a s.~p siglU.l gen·
eraror. 1bc S"'«p Sirl Genenr:or Type
240- .... 1$ ClrcelJently SUIle<! ro this prow.hut
since ir operates as a cw (wilh Or without
....M) or S"'«p SIgnal generator, wirhoul
lhe n«cssify of dileurblng the input or out·
P'o't connections 10 lhe rcst circuit..... Vacuum
Tube Volrmeter Oln be' bridged uross the
inpul to the: vertical deflection :llJIplificr in·
Pi'll of lhc ~j]]oscope for thro singlro frt·
<juency work. The oscilloscope of course is
used for rhe overall investigation and "touch
up." Since the Outpul monitoring and at·
tCflu.ariOll s)'SIem is equally applicable to cw
and sweep .....orl.: the sensirivily can asily be
checke<! under either condition.

Study of e,bl. eh,.,deristiu
The et1anaeristics of high frequency abIes

may be' invesrigue<! by use of a s.....eep frc
q,uenq signal gmcmor. In Figure 6 a s""«p
$lgn.tl gencroUor is sho"'n connected 10 the
input of a length of high fre<jut'DCJ' cable.
Also connecred to lhe tlIpur of the cable is a
Wide Iwld detector. The low ftequency
sweep ,-oluge from the s....eep signal gen.
er2tor is connected to the bOnZOOf.lJ dell«.
tion input of the oscilloscope. The RF signal,
s\\'q>! or frequency modulatM at a low rate
of 60 times per steom"" is fed into the cable.
Relkcted signal from imperfections in Ihe
cable or the termination arrh'es back at the

Fig/lre 7. Osclflo.eop. dlsplGY IndleG'
tlng Gmplitud. of r.fI.et.d .nergy 'rom G
'.rmlnQlion f;OGIIIGI eGbl••
input a finite time later. Since during this
finite time the input signal has changed to
a new frequency, an audio difference fre·
quency (ioput frequCflCY minus reflcaed fre
qu..ncy) apP'""rs Kross the output of thro
detector. The amplitude of the input signal

is grnr and constanl and the reflected freo
quency amplitude for a nnr march is snull
and nriable. The amounl of energy rdlected
from the end of rhe hne depmds on the cor·
rectness of the lermll'lation and varies 'rom
zero for a pafect matdlto a finite value pro·
portional to the mismalch for mismatched
lines. Since the termination impedance will,
in general, v.lry with frequeocy, the amount
of energy reflected will also vary. The audio
frequCflcy from the detector appears on tht
oscill~ope. The L'ftvelope amplitude of the
display is proportional 10 the instantaneous
rdlecte<! sigoal and the abscissa is propor·
lion:o.lto frequency of RF input as sho...'o in
Figure 7.

FIgur.8. Clogrom Gf .quipmenl ond eon_
n.diGns for ....Gs ...r.m.nt of linearity of
FM Jlsf;rlmlnolor.

With a perfcct termination over rh.. fre
quency range in question, ,-arioDS cables can
be observed for imperfections in construction.
.... periodic '-arl:ltlon in dielcark constant of
Ihe cable insulation will ahibit ilSClf on the
oscilloscope display.

....djustable resistance load ",ill permit
quick determination of the Z. fOr long able
lengths.

The line.ri!Y of FM Diserimin.ton
The S"'«p Signal Generatot Type 240· ....

pro"ides a powerful merhod of dererminlng
th.. Iincanty of an FM docriminator. The
method is indlcared in Figure 8..... 10'" fre·
quency (60 cps) sweep, adjusted 10 sw«p
the futt frC<jucncy range of rhe discriminator,
and a higher ftC<juency sweep (400 cps) is
fed into the EXT sweep inpul of the Sweep
Signa! ~nerator. The high frequency volt·
age is adjusted to swtql only a small fraction
of the frC<juency range of the discriminator.
In effect the high frequency sweep explores
the slope of each section of the discrimmator
white ir is slowly moved from settion ro 5CC'
lion by the low ftequency s....eep. The OUtpul
is dCl:ected and passed through a bigh pass
filler which passes only the resulting 400 cps
nato:. The dl.SJ>lay of the :llJIplilude of this
l1ClI:e \"S. the low frequency s..·ct'p alJords a
visw,l display in whICh rhe slope of rht
amphtU<k of the envelope of rhe 400 cps
nate 's proportional to FM discriminator line.
arttr..... constant amplitude indicares a I:near
discriminator wheorcas a varying :llJIplitude
indicarcs a variation in linearity.

The Study of eryst.r Modes
The rapid location of the several frequency

modes at which a crystal oscillates is impor.
tant but tedious br discrete frequency meth·
ods. The S...·('('p Signal GC'nerator Type 240
A provides a frtquCfley s....eep on which mdi.
vidu.lI fll"quencies can be idrontdied br the

3

m:uker system tlIcJuded m the generator. A
crystal, ho....a·er, has such a high Q that
s...·eep rata must be "ery low 10 prC"'ent ring·
mg aod spurious respr:xues. By using an
oscilloscope with low fl'e'qUC1Iq sawtOOlh
sW('C'P available, the 240· .... can be swtpl at
frequencies of I or 2 cps by connecting rhe
oscilloscope sweep output to the "External

Flg...re 9. E",,'p nt ......-.g.....nt (ot
meosv.......nt of q artz crystal e"oroc,~·

iatics •
Sweep" of the 240·A. lbe s)'Slml is lhen
conneaed IS shown m Figure 9. 8y varying
rhe «,nrer frequency of !he 240-.... and its
sweep width lhe cryleal can' be txplored for
tesponses over a considerable frequency
rao~.

Extension of the FrequentY R.nge
TIle lo'nost center [requencr of the SWr'e1'

Fre<juency Signal Generator Type 240· IS
4.' megacycles.....t this frequency the s «p
frC<juency capabilities of the insrrument are
± ISf; ro ±}0'i<c of (CfIler frC<juel1C)' or
±-l' KC to ± I.}, Me. For applicatIons in
tdC'Vision "ideo amplifiers belh for color and
bbd: and white. and aircraft na,-ig;u,on re
croi\'e{ iruermediale (rC<\ucocy amplifiert,
10"'er cenler freql>Cflcies and/or broader
s"'eeps arc requited" 80th these requirements
an be mer by use of the Uni"ener IYpe 20)·
8 ,,-ith the: S..·tep Frequency Signal Gen·
er:ator Type 240· ..... The 20}-8 conSISlS of a
broad b.lnd mixer "',th local oscilbtor al 70
Me. followed by a broad band amphfier "'irh
a '0 ohm outr.UI. The g~1O of rhe 20}·n is
set. at unity. "igure 1 shows the 240..... , 20}·
II in a measuring sct·up. In usc the 240· ....
is tuned to a frC<juency equal 1070 MC plus
thro dcsirrod output center frC<juency from the
s}'Slen1. Sweeps from :=0.7 MCto ±I, MC
are available. Single fl'e<juency OUtputs un.
modulaled or wirh ....M modulation can he
obtained. ThIl5 siogle frequcn<y or s\\'CC'P
Outpuu are made a,-a.ilablc o'-er Ihe band
"'Idrh of lhe 20}·B ....hich is 0.1 to 2' Me.

Summuy
1bc S""«p Signal Genemor is a po"'erful

rool of cons,derable lIaibiJity. Ir not: 01111
saves cOClSlderable limo: bur makes refine.
ments pogible In circuit adjustment and de
velopment ....hich would nor norma"y be
posSible. THE AUTHOR
F",,,I, G. /It".bI~',. c••~~. C'<>rI~".,-.;:-;,c..:~;J;;;f",.O'"J"
01 ~..: i,,~• .;"l ~"p~.i_c~:d~sill" 6- J~".lop.
..~.. I ",.,..4 I.,.. Phi/co! coordi"alO< 0" _ .........
1I"""r"",~'" p",j"c/s; tWO yra,s ",Irb W~SI"'"
rU«tric's ..I~c/rical ,,,uarcb dicd..io" 6- ~".

(fitu1~.i ..C adm;"I"I,alill~ po.olS "';/h P...tl 6
Whimey ... i.c'''lt 6- K"y elect.ical Co. 011,.
M",bl.. IN... b ",lib /Joo..,o" RaJ/a ..;rtC~
19H 6- a VU: p •.,..iJ~ ..I_ ..al ",'''C'' 19~4.
oIl,. "'""bl.. ba .. ,,/)S i .. Fo£ (Mi issippi St"t~

Coll"Il.. 19j4J6 " .. ,ItS i.. EE{,It.f.T. 19JJ).



BOONTON RADIO CORPORATION 

Use of the RF Voltage Standard Type 245-A 

When discrepancies exist among measure- 
ments made with different signal generators 
on the same radio receiver, it is often very 
difficult to determine just which of the in- 
struments is performing correctly. The intro- 
duction of a reference standard usually will 
resolve the dilemma so that effort can profit- 
ably be applied to the offending units. How- 
ever, care must be exercised in the use of 
such a standard and understanding applied 
to the interpretation of the results. This 
article discusses the use of a source of stand- 
ardized voltage at a known impedance. 

The R.F. Voltage Standard Type 245-A, 
shown in Figure 1, is designed to deliver, 
across the BNC output jack at the end of its 
Output Cable, open-circuit radio frequency 
voltages of s, 1, and 2 microvolts through 
a source impedance of 50 ohms over the fre- 
quency range of 0.1 mc to 500 mc. It can 
be used in conjunction with a signal gener- 
ator as a source of known voltage and im- 
pedance for determining receiver sensitivity 
performance. Using this source of voltage 
as a point of reference, it is also possible to 
perform relative comparisons, with other 
sources of radio frequency voltage whose fre- 
quencies lie within the specified range. In 
addition, the input system is calibrated for 
use as a 50 ohm rf voltmeter at 0.05 volts 
over a wide frequency range. 

Principle of Operation 
A description of the RF Voltage Standard 

is given in the Spring, 1955 issue of the BRC 
Notebookl. The system block diagram of the 
RF Voltage Standard is shown in Figure 2. 
An external source is used to supply rf volt- 
age to the Input Cable. The voltage at the 
output end of this cable is indicated by an 
RF Voltmeter at the point where the cable is 
terminated by the input to the Coaxial At- 
tenuator2. The low voltage output of the 
Coaxial Attenuator appears in series with an 
impedance matching resistor. 

W. C .  MOORE, Engineering Manager 
CALIBRATION SET FULL 

SCALE 

INPUT CABLE 

SET ZERO / 
FINE 

Figure 7. RF Voltage Standard Type 245-A. 
An input level of 0.05 volts is established 
across the input to the coaxial attenuator by 
adjusting the voltage output of the external 
rf voltage source until the indicating meter 
on the RF Voltage Standard reads at the 
1 microvolt calibration point on the meter 
scale with the range switch set to 1 micro- 
volt. The 25,OOO:l coaxial attenuator di- 
vides the 0.05 volts down to 2 microvolts 
which appear across the 0.0024 ohm resistor 
in series with the 50 ohm impedance match- 
ing resistor in the rf assembly. 

Since the 50 ohm characteristic impedance 
of the Output Cable is matched by the 50 
ohm resistor, its length i s  electrically inde- 
terminant. In fact, its length may even be 
considered zero, and the 50 ohm terminating 
resistor is effectively connected to ground 
directly from the 50 ohm impedance match- 
ing resistor in thc RF Assembly. This dixides 
down the 2 microvolts delivered by the 

1 - OUTPUT TERMINATING IMPEDANCE 
CABLE RESISTOR MATCHING OUTF 

RESISTOR - RESISTOR 
VOLTAGE 

R F  , , OUTPUT CABLE I 
ASSEMBLY ASSEMBLY I 

Figure 2. RF  Voltage Standard System Block Diagram. 

The low voltage output from the RF AS- 
sembly, which presents a source impedance 
of 50 ohms, drives the 50 ohm Output Cable 
which is terminated by a 50 ohm coaxial 
teiminating resistor. The terminating resistor 
is followed by a 25 ohm impedance matching 
resistor to raise the equivalent source imped- 
ance at the end of the output cable to 50 
ohms. 

Output Voltage Calibration 
Figure 3 shows the distribution of voltages 

throughout the instrument when the meter is 
set at the 1 microvolt level and there is no 
external load connected to the output cable. 

Coxial Attenuator to 1 microvolt across the 
50 ohm terminating resistor. 

The meter on the RF Voltage Standard is 
calibrated in terms of the open circuit voltage 
appearing across the BNC output jack on the 
output cable, with no load connected to the 
cable. 

Output Impedance 
The output system of the RF Voltage 

Standard is based on a 50 ohm characteristic 
impedance The optimum conditions for 
power transfer and control of voltage stand- 
ing waves on the cable as the load impedance 
is varied are described in the Fall 1954 issue 

ZERO ADJUST 

R F  OUTPUT 
-CABLE 

of the BRC Notebooks. 
The output impedance of the RF Assem- 

bly is 50 ohms, determined by the 50 ohm 
impedance matching resistor, which is the 
termination of a specially designed section of 
coaxial transmission line 1, Looking back 
along the coaxial output cable from the 50 
ohm terminating resistor toward the RF 
Assembly, one sees the 50 ohm characteristic 
impedance of the cable in shunt across the 
50 ohm terminating resistor. The net result 
of this parallel combination is 25 ohms of 
resistance which is then built up to the de- 
sired 50 ohms by the 25 ohm series Imped- 
ance matching resistor located between the 
terminating resistor and the l3NC output 
1 ack. 

The open circuit output impedance at the 
output jack on the Output Cable is 50 ohms. 

Measuring Receiver Sensitivity 
The sensitivity of a radio receiver has been 

defined by the Institute of Radio Engineers4 
as the number of microvolts required to pro- 
duce standard output when applied to the 
dummy antenna in series with the input im- 
pedance of the receiver For a system consist- 
ing of a 50 ohm transmission line system and 
a 50 ohm receiver, this means that a “1 micro- 
volt receiver ’ will produce standard output 
when 1 microvolt is applied across the series 
combination of the 50 ohms antenna imped- 
ance and the 50 ohm input impedance of the 
receiver This yields y2 microvolt across the 
receiver input terminals. 

Figure 4 shows how this condition is met 
by the voltage calibration and output imped- 
ance characteristics of the RF Voltage Stand- 
ard Type 245-A The actual circuit can be 
reduced to a schematic circuit because the 
characteristic impedance of the cable is 
matched at the voltage source as described 
above The diagrams show the distribution 
of voltages and impedances along the circuits 
for the loaded and open circuit conditions 
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Use 01 the RF Voltage Standard Type 245-A

Figure 2. RF Voltoge Stondard System Block DiofJIom.

The low voltage output from thc RF As· Coxial Attenuator to 1 microvolt across the
sembly, which presents a source impedance 50 ohm terminating resistor,
of 50 ohms, drives the 50 ohm Output Cable The meter on the RF Voltage Standard is
which is terminated by a '0 ohm coaxial calibrat"d in terms of the opeo circuit voltage
tc"ninating te,;i£IOt. TIle terminating resistor appeariog across the BNC output jack on the
is followed by a 2' ohm impedance matching output cable, with no load connected to the
resistor to raise the eql.livalent source im~d. cable.
ance at the end of the output cable to jO Output Impedance
ohms. The outpUt system of the Rf Voltage

Output Voltage Calibration Standard is based on a 50 ohm characteristic
Figure} shows the di£tribution of voltages im~danc... The optimum conditions for

throughout the instrument when the meter is power transfer aod conuol of voltage stand·
set at the 1 microvolt level and there is no ing waves on the able as the load im~dance

(external load (onnected to lhe o~lput cable. is varied are J&:ribed m lhe Fall 1954 issue

of the fiRC Notebook 3.

The output impedance of the RF Assem.
bly is '0 ohms, determined by the 50 ohm
impedance matching resistor, which is the
termination of a specially designed section of
coaxial transmission line. I. " Looking back
along the coaxial output cable from the jO
ohm terminating resistor toward the RF
Assemblr, one sees the '0 ohm characteristic
impedance of the cable in shunt across the
jO ohm terminating resistor. The net result
of this parallel combination is 2j ohms of
rL-sisrance ,,'hich is then bl.lilt up to the de
sired jO ohms by the 2j ohm series Imped
ance matching resistor loc:ated between the
terminating resistor and the BNC output
jack.

The o~n circuit output impedance at the
Output jack on the Output Cable is 50 ohms.

Measuring Receiver Sensitivity
The sensitivity of a radio rcceiver has been

defined by rhe Institute of Radio Enginec:,,·
as the numlxr of microvolts required to pro·
duce standard Ol.ltput when applied to the
dl.lmmy antenna in series with the input im
pedance of the recei,'er. For a system consist_
ing of a 50 ohm transmission line system aod
a '0 ohm receivcr, Ihis means that a "\ micro
volt recei,-er" will produce standard outpltt
when 1 microvolt is applied across the series
combination of the 50 ohms antenna imped_
ance and the 50 ohm input im~dancc of the
receivcr. This )'ields Yl micrOl'olt anoss the
rC("eiver inpnt terminals.

Figure 4 shows how this conditioo is m..t
by the voltage calibration and OlllpUt imped
ance characteristics of the RF Volrage Stand
ard Type 24j·A. The actual circuit (an be
redllCcd to a schematic circl.lit becal.lsc the
charact..ristic ,mpedance of the cable is
matched at thc voltage S(lI.lrc.. as described
above. The diagrams show the distribntion
of voltages and impedances along the circuits
for thl:' loaded and open circl.lJt condition£

SET FULL
SCALE

ZERO AOJUST

Rf OUTPUT
CABLE

RA NGE SWITCH

lolETER

Figure I. RF Volloge Stondord Type 24S_A.

W. C. MOORE, Engineering Manager

SET ZERO CALIBRATION
COARSE CHART

An input level of O.Oj volts is established
across the input to the (oaxial attenuator by
adjl.lsling the voltage output of the external
rf volwge source until the indicating meter
on the RF Voltage Standard reads at the
1 mIcrovolt calibration point on the meter
scale with the range SWItch set to 1 micro
volt. The 2',000: I coaxial attenuator di.
vides the 0.0' volts down to 2 microvolts
which appear across the 0.0024 ohm resistor
in series with the 50 ohm impedance match
inI; resistor io th" rf assembly.

Since the '0 ohm characteristic impedance
of the Omp.!t Cable is matched by the 50
ohm resistor, its length is ele<:trically inde·
terminant. [n fact, its length may even be
considered zero, and the jO ohm terminating
rl."iistor is effectively connected to ground
directly from the jO ohm impedance match·
ing resistor in the RF Assembly. This diyjdes
down the 2 microvolts delivered by the

SET ZERO
FINE

INPUT CABLE

Whro discrepancies exin among measure·
ments made with different signal groerators
on the same radio receiver, it is often very
difficult to determine just which of the in·
struments is performing correctly. TIle intro·
duetion of a reference standard usually will
resolve thc dilemma so that effort nn profit.
ably be applied to the offending units. How.
ever, care must be exercised in the use of
such a standard and understanding applied
to the intCTprc:tation of the results, This
article discusses the usc: of a source of stand·
ardized ,-ollage at a known impedance.

The R.I', Voltage Standard Type 24j·A,
shown in Figure I, is designed to ddiver,
across the BNC output jack at the end of its
Ol.ltpl.lt Cable, open.circuit radio frequency
voltages of Y2, 1, and 2 microvolts through
a source impedance of '0 ohms over the fre·
quency range of 0.1 mc to 500 mc. It can
be used in conjunction with a signal gener·
ator as a source of known voltage and im·
pedance for determining receiver St'nsitivit}"
performance. Using this source of voltage
as a point of reference, it is also possible to
perform relative comparisons with other
sources of radio frequ..ncy voltage whose fre
quencies lie witllin the specified range. In
addition, tile input system is calibrated for
use as a '0 ohm rf voltmeter at 0.0' volts
over a wide fre<juency range.

Prineiple of Operation
A description of the RF Voltage Standard

is given in the Spring, 19jj issue of the fiRC
Notebook'. Th" system b!oc:k diagram of the
RF Voltage Standard is shown in Figure 2.
An external source is used to supply rf volt·
age to the Inrut Cable. The voltage at the
output end 0 this cable is indicated by an
RF Voltmeter at the point where the cable is
terminated by the input to the Coa!:ial .At
tenuator2 , The low "oltage output of the
Coaxial Attenuator ap~ars in series with an
impedance matching resistor.
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T H E  NOTEBOOK 

when the meter indicates 1 microvolt. At 
this level setting, the circuit is being driven 
by 2 microvolts out of the Coaxial Atten- 
uator. 

The equivalent circuit diagrams show that 
the same loaded and open circuit character- 
istics of voltage and impedance will be pre- 
sented to the load if we assume a simple 
series circuit consisting of a 1 microvolt gen- 
erator in series with 50 ohms. This result 
could have been obtained directly by an'ap- 
plication of Thevenin's Theorum to the orig- 
inal circuit. Additional diagrams and ex- 
planatory information can be found in the 
Instruction Manuals for BRC Signal Gen- 
erator Types 202-B and 211-A, and Uni- 
verter TvRe 207-A. 

Figure 3. Voltage Distribution for Open 
Circuit Voltaqe of I UV at End of Output 
Cable. 

The sensitivity of a receiver designed to 
work with a 50 ohm antenna line impedance 
can therefore be read directly from the meter 
at y2, 1, and 2 microvolts because the equiv- 
alent source impedance of the RF Voltage 
Standard provides the 50 ohms to which yz, 
1, or 2 microvolts are applied. 

If higher values of antenna resistance are 
involved, direct readings of receiver sensi- 
tivity can be obtained by merely adding in 
series with the output cable a suitably-mount- 
ed, non-reactive resistor whose resistance is 
equal to the desired antenna resistance minus 
the 50 ohms already presented by the RF 
Voltage Standard. For example: to read 
directly the sensitivity of a receiver designed 
to work from a 75 ohm line, such as RG- 
11/U, a 25 ohm resistor must be added in 
series with the inner conductor at the BNC 
output jack on the output cable to obtain 
the correct impedance match. If values of 
antenna resistance less than 50 ohms are in- 
voived, it is necessary to use an impedance 
matching pad and allow for its insertion loss. 

Checking Signal Generator Output 
The use of the RF Voltage Standard to 

check the output from a signal generator is 
based on using a receiver as an un-calibrated 

- 

50n 

EQUIV+L_E NT-qIECUlT EQUIV+ENT CIRCUI 

Figure4. Derivarron ur Lyurvalent Circuit 
of RF Voltage Standard Output System 
Assuming a Matched Load & 7pV Setting. 

L 

transfer indicator to compare the outputs 
from the two sources at a fixed signal level. 
Figure 5 shows the steps for the case of a 
signal generator having 50 ohms output im- 
pedance at the output jack. 

The method shown in Figure 5, in which 
the same Output Cable is switched from the 
RF Voltage Standard to the signal generator 
output jack is valid only for signal generators 
having a 50 ohm source impedance at the 
panel output jack. 

Some signal generators, however, present 
50 ohms only at the output end of their own 
special 50 ohm terminated output cable. In 
this case, the receiver input must be trans- 
ferred between the terminals of the output 
cable on the signal generator and the output 
cable on the RF Voltage Standard. Only in 
this way will the comparison show up stand- 
ing wave errors in the signal generator output 
system. 

F VOLTAGE AT HIGH LEVEL IS OBTAINED FROM THE SIGNAL 
ENERATOR AND ADJUSTED TO GIVE THE DESIRED OUTPUT. 

EFERENCE READING NOTED. 
HE ATTENUATED OUTPUT IS PICKED UP AND RECEIVED APID A 

CW Sff iNAL 
GENERATOR @ 

z= son 

2 4 5 f A  
OUTPUT CABLE 

HE LOW LEVEL OUTPUT OF THE SIGNAL GENERATOR I S  ADJUS- 
ED TO PRODUCE THE S4ME REFERENCE LEVEL READING ON 
HE RECEIVER AS WAS PRODUCED BY THE KNOWN LOW LEVEL 

Figure 5. Comparison of Voltage Output 
from a 50 Ohm Signal Generator with the 
RF Voltage Standard, Using a Receiver 
as an Oncalibrated Transfer Indicator. 

In case the signal generator has a source 
impedance of 50 ohms, it is not necessary 
that the receiver input impedance be matched 
to the signal generator output impedance to 
obtain a valid comparative reading. Since the 
two sources of voltage present the same im- 

I R-D 
50 OHMS 

OUTPUT IMPEDANCE 

SIGNAL GENERATOR 
25 OHMS 

OUTPUT IMPEDANCE 

Figure 6. Comparison of Voltage Output 
from On-equal Source Impedances by Addi- 
tion of an External Impedance Matching 
Resistor. 

SY ADDING AN'EXTERNAL 
SERIES IMPEDANCE 
MATCHING RESISTOR TO 
THE SIGNAL GENERATOR 
OUTPUT THE TWO 
SOURCES CAN BE. 
COMPARED DIRECTLY 

pedance, it is necessary only that the receiver 
input impedance remains constant, at, what- 
ever value it may have, throughout the com- 
parison process. For this reason, only the 
signal generator frequency can be changed to 
peak the receiver response, since small 
changes in receiver tuning may result in 
appreciable changes in input impedance. 

An amplitude modulated signal can be 
used with an AM receiver and an audio volt- 
meter, provided the amplitude modulation 
is kept below 3070. 

Unequal Sburce Impedance 
The problems of interpreting signal gen- 

erator output readings increase when check- 
ing the calibration accuracy of a signal gen- 
erator whose output impedance cannot be 
made the same as the reference standard by 
suitable resistive pads, as shown in Figure 6 ,  
or whose output cable system sets up standing 
waves at critical frequencies. These same 
problems arise in the use of such a signal gen-. 
erator for receiver sensitivity measurements. 
The necessary information to make these cor- 
rections is given in some detail in catalogues 
and instruction manuals by the major manu- 
facturers of signal generators. 

"LCLlYL" I m r U I  LR">".L 

STANDARD 

INPUT TO RF VOLTAGE STANDARD 
ADJUSTED TO PRODUCE IxV 
METER INDICATION NOTE 
RECEIVER REAOING 

OUTPUT ADJUSTED FROM TO SIGNAL PRODUCE GENERATOR SAME 

RECEIVER INDICATION AS WAS 
PRODUCED BY RF VOLTKE 
STANDARD 

Figure 7. Signal Generator Calibration 
when a l l  Three Impedances are Different. 

Figure 7 shows a case in which the imped- 
ances of the RF Voltage Standard, the signal 
generator and the receiver are 50 ohms, 300 
ohms and 150 ohms respectively. The gen- 
eral equation shown in the figure gives the 
number of microvolts actually delivered by 
the signal generator for any combination of 
impedances in terms of the indicated output 
level of the RF Voltage Standard. 

The presence of standing waves in the out- 
put system of a signal generator which is not 
matched internally will produce errors in 
calibration which must be corrected by using 
data supplied in the signal generator instruc- 
tion manual. These errors are a function of 
frequency and must be taken into account at 
each frequency setting. 

In summary: 
1. Determine the output impedance 
characteristics of the signal generator 
being calibrated. 
2. Attempt to modify it to 50 ohms by 
the use of pads or dummy antenna sys- 
tems, taking into account their effect on 
the calibration dues to attenuation char- 
acteristics. 
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wben the meter indicates 1 microvolt. At
this level setting, the circuit is being driven
by 2 microvolts out of the Coaxial Atten·
uata!.

The equivalent circuit diagrams show that
the ~ame loaded and open circuit character
istics of voltage and impedance will be pre
sented to the load jf we assume a simple
series circuit consisting of a 1 microvolt gen.
erator ;n series with 50 ohms. This result
could have been obtained directly by an"ap
plication of Thevcnin"s Thfflrum to the orig
inal cireui!. Additional diagrams and ex
planatory information can be found in the
Instruction Manuals for 6RC Signal Gen.
erator Types 202·6 and 211·;', and Uni.
verter Type 207·1\.

Fi9ure J. Vo/tolJe Dlslribv';on fOf' Open
Circui, Voltage 01 lllV of EnJ of Output
CoLle.

The sensitivity of a receiver designed to
work with a 50 ohm antenna line impedance
can therefore be read directly from the m~er

at Yz, I, and 2 microvolts because the equiv
alent source impedance of the RF Vortage
Standard !?rovide~ the 50 ohm~ to which Yz,
I, or 2 mIcrovolts are applied.

If higher values of antenna resi~tance arc
involved, direct readin8~ of receiver sensi_
tivity can be obtained by merely adding in
serie~ with the output cabl.... a ~uitably.mount

ed, non-reactive re~istor whose rtsistance is
equal to the de~ired antenna resistance minus
the 50 ohms al,....ady prl.'!iented by lilt' RF
Voltage Standard. For exam!?I.... : to read
directly the sensitivity of a re<:elVer designed
to work from a n ohm lint', ~uch as RG
I L/V, a 25 ohm resistor mu~t be added in
series with the inner conductor at the BNC
output jack on the output cable to obtain
the correct impedance match. If values of
antenna rl.'!iistance less than 50 ohms are in.
'·olved, it is ne.:essary to use an impedance
matching pad and allow for its insertion loss.

Checking Signal Generator Output
The use of the RF Voltage Standard to

check the output from a signal generator is
based on using a receiver as an un·calibrated

Figure4, Derivation 01 EquivolenfCireuit
of RF Voltage Standard Output System
Assuming a Motdled Load & 'II-V Seffi"9.

tnlnsfer indicator to compare the outputs
from the two sources at a fixed signal 1....,·e1.
Figure 5 show~ the steps for the case of a
signal generator havin$ 50 ohms output im·
pedance at the output Jack.

The method shown in Figure 5, in which
the same Output Cable is switched from the
RF Voltage Standard to the signal generator
output jack is valid only for signal generators
having a 50 ohm source impedance at the
panel outl?ut jack.

Some SIgnal generators, however, present
50 ohms only at the output end of their own
~pecial 50 ohm terminated output cable. In
Ihis case, the receiver input must be trans
(erred between the terminals of th~ output
cable on the signal generator and the output
cable on the RF Voltage Standard. Only in
this way will the compari~on show up stand·
ing wave errors in the signal geoerator output
system.

Fi9ur. 5. Compari.on of Volt0ge Output
from a SO Ohm SI900i Generafor with 'he
RF Vo/toge Stondrud, Using a Reeei"er
as On Uneolibtat.d Transfer Indicator,

In case the signal generator ha~ a source
impedance o( 50 ohms, il is not oe<:essary
that the receiver input impedance be matched
to the signal generator output impedance to
obtain a valid comparative reading. Since the
two sources of voltage prescnt the same im-

Fi9u,e 6. Comparison of Voft0ge Oufpuf
from Un.equol Soutee Impeclanees by Addi.
tion of on Exterool Impedonce Mafehing
Resistor.
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pedance, it is necessary only that the receiver
input impedance remain~ constant, at what
ever value it m:oy have, throughout the com
parison process. For this reason, ollly the
signal genenltor frequency can be changed to
peak the receiver response, since small
changes in receiver tuning may result in
appreciable changes in input im.redance.

An amplitude modulated SIgnal can be
used with an AM reeeiver and an audio volt·
meter, provided the amplitude modulation
is kept below 30%.

Unequal Sbutee Impedance
The problems of interpretiog signal gen·

erator output readings increase when check
ing the calibration accuracy of a signal gen·
erator whos.... output impedance cannot be
made the same as the reference standard by
~uitable resistive pads, as shown in Figure 6,
or whose output cable system sets up standing
waves at critical frequencies. These same
problems arise in the use of such a signal gen-·
erator for receiver sensitivity measurements.
The neces~ary information to make these cor·
rections is given in some detail in catalogues
and instruction manuals by the major manu
facturers of signal generators.

Figure 7. Sigool Generotor CQlibHltion
when all Three Impedances are Different.

Figure 7 shows a case in which the imped
ances of the RF Voltage Standard, the signal
generator and the reeeh·er are 50 ohm~, 300
ohms and 150 ohms respeaively. The gen·
eral equation shown in the ligure gives the
number of microvolts actually delivered by
the signal generator for aoy combination of
impedances in terms of the indicated output
level of the RF Voltage Standard.

The presence of standing waves in the out
put system of a signal generator which is not
matched internally will produce errors in
C1l1ibration which must be corrected by using
data supplied in the signal generator in~troc·

tion manual. These error~ are a function of
frequency and must be taken into account at
each frequency setting.

In summary:
I. Determine tht' output impedance
characteristics of the signal generator
being calibrated.
2. Attempt to modify it to 50 ohms by
the use o( pads or dllmmy antenna sys·
tems, taking into account their df~1 on
the calibratioo dlles to attenuation char·
acteristics.
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3. If the output impedance cannot be 
made 50 ohms, determine the complex 
impedance of both the receiver and the 
signal generator and calculate the result- 
ing voltage divider. Also calculate the 
voltage divider consisting of the re- 
ceiver and the 50 ohm impedance of 
the RF Voltage Standard. 
4. Since the outputs of the two voltage 
dividers are equal when the signal gen- 
erator output is adjusted to give the 
same receiver reading as the RF Voltage 
Standard, we can equate the two expres- 

(E). 
2, (Esg) =- sions as follows* 

Zr = receiver input impedance 
Zag = signal generator output impedance 
50 = RF Voltage Standard output impedance 
Esg = signal generator open circuit voltage 
E = R F  Voltage Standard open circuit voltage 

Then the signal generator setting, Esg, 
which will produce the same receiver re- 
suonse as the outDut of the RF Voltage 

where Zr+ Zsg Z,+ 50 

Gandard, E, can 6e determined from tce 
equation: E Zr + Zsg sg‘- Zr+ 50 (E) 

Use As A 50 OHM RF Voltmeter 
The input system of the RF Voltage Stand- 

ard is shown in Figure 8. It contains a length 
of coaxial cable which conneets the source 
of power to the coaxial “head,” which con- 
sists of a diode voltmeter in parallel with the 
input to the precision coaxial attenuator. The 
diode voltmeter reads the input voltage di- 
rectly at the input to the attenuator, and the 
calibration of the RF Voltage Standard is not 
affected by standing waves on the cable ahead 
of this point. 

The 60 ohm attenuator input impedance is 
shunted by approximately 300 ohms diode 
impedance, which together form approxi- 
mately a 50 ohm termination for the 50 ohm 
input cable. The voltage seen by the diode 
voltmeter at the input to the attenuator will 
be nearly the same as that applied at the in- 
put BNC connector, subject to voltage stand- 
ing waves on the cable. Variations in the 
characteristic impedance of the cable and the 
diode impedance introduce a moderate stand- 
ing wave of voltage on the cable which in- 
creases with frequency. 

The ratio for each coaxial attenuator is 
individually determined, and the correct in- 
put voltage for the 1 microvolt level meter 
setting is given on the voltmeter calibration 
data plate on top of the instrument. This in- 
formation can be used for checking the in- 
strument at low frequencies (below 500 kc) 
and for measuring rf input voltages. With 
the range switch in the 1 microvolt position, 
the input voltage is increased until the meter 
indicates 1 microvolt. The input voltage is 
then equal to the value stamped on the data 
plate. Input voltages of y2 and 2 times this 
value can be determined by adjusting the 
input for meter indications of 0.5 and 2 with 
the range switch in the corresponding posi- 
tion. 

Accuracy 
The method of setting up the calibration 

of the RF Voltage Standard at the factory is 
such that the initial accuracy is determined 

by the care with which the 60 ohm and the 
0.0024 ohm resistors are measured, the accu- 
racy of the voltage source used to set up the 
rf voltmeter circuit, and the Voltage Standing 
Wave Ratios (VSWR) of the input to the 
coaxial attenuator and the impedance match 
of the output cable termination. Of these, 
the VSWR is the least accurate measurement 
and also the greatest contributor to the over- 
all tolerance. 

Figure 8. RF Attenuator and Voltmeter. 
The GO ohm film resistor is the center con- 

ductor of a terminated transmission line2 
and together with the 0.0024 ohm disc re- 
sistor it provides an accurate attenuator use- 
ful over a very wide range of frequencies5. 
The actual ratio is taken into account in set- 
ting up the voltage into the attenuator and 
adjusting the meter to read the desired out- 
put voltage. The uniformity with frequency 
of the attenuation ratio is determined by com- 
paring each unit against a carefully measured 
standard unit at several points over a wide 
frequency range. 

gure 7. m r  v oirage aranaara-oasrc 
Circuit. 

The long term accuracy, which is of con- 
siderably more importance and upon which 
the specifications are based, includes the 
stability of several components not involved 
in the initial calibration. A circuit has been 
chosen in which these variations are minim- 
ized by the procedure used to place the instru- 
ment in operation. 

The simplified circuit of Figure 9 shows 
the basic dc metering system associated with 
the rf voltmeter. The rectification efficiency, 
or ratio of rectified dc current to applied ac 
voltage, of a semi-conductor diode at a con- 
trolled value of bias current is a very stable 
characteristic. 

The transistor is used in conjunction with 
the diode to raise the impedance level pre- 
sented to the meter for proper damping. The 
diode current passes through the junction 
transistor with a constant efficiency of about 

98% regardless of resistance changes. This 
current transfer factor, known as “alpha,” is 
very stable and therefore does not contribute 
any significant variation in accuracy. The 
action is somewhat analagous to the unity 
voltage gain characteristic of a cathode fol- 
lower circuit which also presents a large im- 
pedance ratio between input and output cir- 
cuits. 

As seen in Figure 9, the transistor imped- 
ance is located in one arm of a bridge. Hence 
the bridge can be brought to balance by vary- 
ing the transistor impedance by means of its 
base voltage. This is done during the initial 
adjustment procedure with the SET ZERO 
control. ’This does not affect the 98% effici- 
ency of current flow through the transistor. 

Precautions 
Several points of technique in handling 

low-level radio frequencies become of par- 
ticular importance when checking the cali- 
bration of a signal generator. RF voltage 
leakage out of the signal generator, some- 
times along the power cord, will cause trouble 
if the receiver is not well shielded. Likewise, 
interfering signals from adjacent equipment 
or broadcast transmitters will affect poorly 
shielded receivers and prevent accurate meas- 
urements. 

The conditions of impedance match and 
corrections for standing waves on output 
cables must be accounted for before the per- 
formance of a signal generator can be evalu- 
ated. The connections between the output 
cable from the RF Voltage Standard and the 
signal generator to the receiver input should 
be as short as possible. The insertion loss of 
any matching pads must be included in the 
comparison. 

Sharp receiver response will cause critical 
tuning and stability problems, and will pass 
only the low frequency components of the 
noise which make the meter bounce. A wider 
pass-band will produce a higher, but much 
steadier, noise level to which the desired 
signal is added. 

Tune only the signal generator when 
searching for maximum receiver response to 
avoid changes in the receiver input con- 
ditions. 

Always check the signal generator tuning 
when going from the condition of high level 
into the RF Voltage Standard to the low 
level into the receiver. It is sometimes ad- 
visable to re-tune the signal generator fre- 
quency each time the low level output is 
re-adjusted in order to get significant results. 

When first placing the RF Voltage Stand- 
ard in operation, it is advisable to re-check 
the SET FULL SCALE and SET ZERO posi- 
tions. Initial drift can be caused by changes 
in battery voltage when the instrument is 
first turned on and by changes in the resist- 
ance of the transistor due to a sudden change 
in temperature, such as bringing the instru- 
ment from storage into a warm laboratory. 
There is no significant heat developed inside 
of .the instrument. Re-adjusting the SET 
FULL SCALE and the SET ZERO controls 
restores the calibration accuracy of the instru- 
ment even though the transistor and diode 
dc resistances may have changed. 

-7 

d 

6 

BOONTON RADIO CORPORATION

,'~ "i L>~OOo' ><

"'_[OO(l>'~ 0""1."'"'0.

3. [f the output impedance cannot be
m~de ~O ohms, determine the complex
impedance of bOlh the receiver and the
signal generator and calculate the nosult·
ing voltage divider. Also calculate the
voltage divider consisting of the re
ceivcr and the ~O ohm impedance of
the RF Voltage Standard.
·t Since the outputS o( the two voltage
dividers are eq ...al when the signal gen
erator output is adjusted to give the
s~m~ reecin:r r"ading as the RF VOltage
Standard, we can equate the t,,"O expres-
sions as follows: z, (E Z,
where ~•••l -z;:-:;:-so (E).

Zr - receiver Input Impedance
ZIg - Ilgnal generator output Impedance
50 - RF Voltage Standard output lmpedllflce
E8g - lIgna] generator open clroult voltage
E. RF Voltage Standard q>en circuIt voltage

Then the signal generaror setting, Esg,
which will produce the same receiver re
sponse as the output of the RI' Voltage
Standard, E, can be determined from the
equation: E • Zr -t- Zag

81 Zr-t- 50 (E)

Use As A SO OHM RF Vollmeter
The input system of the Rf Voltage Stand.

ard is shown in Figure 8. It contains a length
of coaxial cable which connel!ts the sou~e

of power to the coaxial "head," whicll con·
sists of a diode voltmeter in parallel with the
input to the precision coaxial attenuator. The
diode voltmeter reads the input voltage di
rectlyat the input to the attenuator, and the
caljbration of the RF Voltage Standard is not
affected by standing waves on the cable ahead
of this point.

The 60 ohm attenuator input impedance is
shunted by approximately 300 ohms diode
impedance, which together form approxi.
mately a ~O ohm termination for the 50 ohm
input cable_ The voltage seen by tlle diode
voltmeter at the input to the attenuator will
be nearly the SlIme as that applied at the in
put BNC connector, subject to voltage stand
"'g waves on the cable. Variations in the
characteristic impedance of the cable and the
diode impedance introduce a moderate stand
ing wne o( voltage on the cable which in
creases with frC<Juency.

The ratio for each coaxial attenuator is
individually determined, and the correct in
p...t voltage for the I microvolt level meter
setting is given on the voltmeter calibration
dat~ pbte on top of the instrument. This in
formation on be used for checking the in
strument at low frC<JucndCl; (below ~oo kc)
and for measuring If input vo[t"ges. With
the range switch in the 1 microvolt position,
the input vohage is increased until the meter
indicatCli 1 microvolt. The inpu! voltage is
then e9ual to the value stamped on the data
plate. Input voltages of \12 and 2 times this
value can be determined by adjusting the
input for meter indications of 0.5 and 2 with
the range switch in the corresponding posi
tion.

Aceuracy
The method of setting up the calibration

of the RF Voltage Standard at the factory is
such that the initial accuracy is determined

by the care with which the 60 ohm and the
0.0024 ohm resistors are measured, the accu
racy of the voltage source used TO set up the
rf voltmeter circuit, and the Voltage Standing
Wave Ratios (VSWR) of the input to the
coaxial attenuator and the im.rcdance match
of the output able terminatIon. Of these,
the VSWR is the leasT accurate measurement
and also the greatest contributor to the over
all tolerance.

:~' "00.""',"_........-'0 ",',
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FI91lre 8. RF Attenualar and Voltmeter.
The 60 ohm film resistor is the center con

ductor of a terminated transmission line~

and together with the 0.0024 ohm disc re
siStor it provides an accurate attenuator use
ful over a very wide range of frC<Juencies~.

The actual ratio is taken into account in set
ting up the volmge into the attenuator and
adjusting the metet to read the desired out
put voltage. The uniformity with frC<Juency
of the attenuation ratio is determined by com_
paring eadl l1nit against a carefully measured
standard unit at several points over a wide
frequency range.

Figure 9. RF Vo/toge StondorJ-Basle
Cireul,.

The long term accuracy, which is of con·
siderably more importance and upon which
the specifications are based, includes the
stability of s,"'eral components not involved
in the initial calibration. A circuit has been
chosen in which these variations arc minim
ized by the procedure used to place the instru·
ment in operation.

The simplified circuit of Figure 9 shows
the basic dc mctering system associated with
the If voltmeter. The rectification efftciency,
or ratio of rectified dc current 10 applied a.c
voltage, of a .scmi-O)llductor diode at a (on
trolled value of bias current is a very stable
characterist ic.

The transistor is used in conjunction with
the diode to raise the impedance level pre·
semed to the metcr for proper damping. 'rhe
diode current Pa.l'ses through the junction
transistor with a constant efficiency of aoout

•

98% rcgardless of resistance changes. This
current transfer factor, known as '·alpha,"· is
very stable and therefore dO(.~ not contribute
any significant \'ariarion in accuracy. The
actIon is somewhat analagous to the unity
voltage gain characteristic of a. cathOlle fol
lower circuit which also presents a large im
pedance ratio between input and output cir
cuits.

As sel.'n in Figure 9, the transistor imped
"nce is located in one arm of a bridge. Hence
the bridge can be brought to balance by vary_
ing thc transistor impedance br means of its
base volmge. This is done during the initial
adjustment procedure with the SET ZERO
COntrol. This does not affect the 98$1, effici·
ency of currCllt lIow through the transistor.

Preuulions
$everal points of technique in handling

low-level radio frequencies become of par
ticular importance when checking the cali
bration of a signal generator. Rf voltage
leakage out of the signal generator, some·
times along the power cord, will canse trouble
if the receiver is not well shielded. likewise,
interfering signals from adjacent equipment
or broadcast transmitters will affect poorly
shielded recei"ers and prevent accurate meas
urements.

The conditions of impedance ffilItch and
corrections for standing wavCli on output
cables must be accounted for before the per
formance of a signal generator can be evalu
ated. The connections betwl'en the output
cable from the Rl' Voltage Standard and the
signal gem:ntor to the r,"eiver input should
be as short as possible. The insertion loss of
any matching pads must be included in the
comparison.

Sharp receiver responsc will cause critical
tuning and stability problems, and will pass
only the low frequency components of the
noise which make the mette bounce. A wider
pas.s-band will produce a higher, but much
steadier, noise level to which the d{'Sired
signal is added.

Tune only the signal generator when
searching for maximum receiver response to
avoid changes in the receiver input con
ditions.

Always check the signal generator tuning
when going from the condition of high level
illlo the RF Voltage Standard to the low
level into the receivcr. Ir is sometimes ad
visable to re-tune the signal generator fre
quency each time the low level oulput is
re.adjusted in order to get significant results.

When first placing the RF Voltage Stand
ard in operation, it is advisable to re-check
the SET FULL SCALE and SET ZERO posi
tions. Initial drift can be caused by changes
in battery voltage when the instrument is
first turned on and by changes in the resist
anceof the transistor due to a sudden change
in temperature. such as bringing the instru
ment from storage into a warm laooratory.
There is no significa.nt heat developed inside
of .the instrumclll. Re-adjusting the SET
FULL SCALE and the SET ZERO controls
rcsrorcs the calibrarion accuracy of the instru
mCllt even though the transistor and diode
dc resistances may have changed.
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Summary 
By judicious use of the RF Voltage Stand- 

ard Type 245-A it is possible to check the 
low and high level calibration of signal gen- 
erators over a wide range of frequencies, and 
to establish signals for testing receivers at 
the microvolt level with a confidence not 
formerly possible. 
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Calibration of the Internal Resonating 
Capacitor of the Q Meter  

SAMUEL WALTERS, Editor, T h e  Notebook 
Q METER TO BE CALIBRATED 

SHIELDED COIL 

Figure 7 .  Interconnections of equipment that can be used in the calibration of the in- 
ternal resonatina caDacitor of a Q Meter. Here shown are Q Meters Type 260-A and a 
GR precision cGacitor  Type 722-0. 

Recently we have received a number of 
inquiries on this subject. They are numerous 
enough to indicate a wide-spread interest in 
the technique of calibrating the Internal 
Resonating Capacitor of the Q Meter. This 
interest is understandable since the versatility 
of the Q Meter in performing a host of func- 
tions besides measuring Q‘F depends, in some 
special cases, on the additional accuracy ob- 
tainable from an error curve for the Internal 
Resonating Capacitor. 

The Q Meter contains (1) an RF oscil- 
lator, (2) a measuring circuit including 
the main and vernier tuning capacitors (In- 
ternal Resonating Capacitor), (3)  a vacuum 
tube voltmeter and (4)  a system for inject- 
ing a known amount of the oscillator voltage 
in series in the measuring circuit. 

The Internal Resonating Capacitor is used 
to adjust the value of capacitance so that the 
circuit under test can be resonated at the 
measurement frequency. Calibration of this 
capacitor should be done at a relatively low 
frequency with respect to the instrument’s 
operating range in order to prevent stray 
inductance effects. 

The calibration method described here is 
based on substitution of a known amount of 
capacitance from a precision capacitor for an 
indicated amount of capacitance in the Q 
Meter, using a resonant circuit on a second 
Q Meter for the comparison. 

Equipment Required 
1 Q Meter to be calibrated-BRC 160-A 
or 260-A (referred to as No. 1). 
1 Q Meter (BRC 160-A or 260-A) used 
as an Indicating unit (referred to as No. 

1 Precision Capacitor with a range cover- 
ing at least 600ppf (G.R. 722 or equiva- 
lent). 
1 Shielded Coil that will resonate between 

2 ) .  

200-500 KC. 
Preliminary Check 

Before beginning calibration it is advisable 
to inspect the Internal Resonating Capacitor 
to be calibrated. A quick check of the follow- 
ing points may save a needless repetition of 
calibration and avoid wa’ste of time since the 
instrument can not be calibrated properly if 
any of these mechanical conditions prevail: 

(1)  Examine capacitor for foreign mat- 
ter, specks of dirt, etc. Such matter tends to 
lower the Q of the capacitor by introducing 
a spurious resistance across it. 

(2)  Check main bearing of rotor sections 
of both main and vernier capacitors. Shafts 
should be firm to prevent mechanical back- 
lash or electrical instability. 

(3 )  Check spring gear take-up of both 
capacitors. Improper loading of gears will 
also cause backlash. 

(4)  Make certain rotors are centered with 
stators. Check plate spacing visually. Run 
out rotor plates to notice any wobble. 

Procedure of Calibration 
A Calibration of main Q Capacitor 

(1)  Set the Q Meter, No 2, which is to 
be used as the resonance indicator, to 
450ppf and turn on the power Mount 
on the instrument a suitably shielded 
coil that will resonate between 200 kc 
andgookc such as the 103-A32 
(2)  Connect the precision capacitor to 
the Hi and Gnd terminals of the in 
dicating Q Meter through a short piece 
of coaxial cable Now set the capacitor 
in the indicating Q Meter, N o  2, to the 
minimum value of 30ppf 
(3) Connect the grounded terminal of 
the precision capacitor to the Gnd term- 
inal on the Q Meter being calibrated 
(No 1) with a N o  18 stranded copper 
wire Arrange another lead from the 
insulated terminal on the precision ca 
pacitor to a point in air Y8’’ to Y2‘‘ above 
the Hi capacitor terminal post of the Q 
Meter being calibrated (No 1 )  using 
a no 20 AWG bare tinned signal con 
ductor copper wire The tip of this self- 
suspended lead must be straight, without 
hooks or loops, and must point down 
to the Q Meter terminal Isolate this 
lead from surrounding objects 
(4) Set the precision capacitor to 600- 
ppf or more Now adjust the oscillator 
frequency control of the indicating Q 
Meter, No 2, for a maximum indication 
of Q Resonance will occur at a lower 
frequency than in step 1 Note the set- 
ting of the precision capacitor, calling 
the reading C, 
( 5 )  Set the main capacitor dial of the 
Q Meter being calibrated ( N o  1 )  to 
30 and the vernier dial to zero Do not 
energize this Q Meter 
(6)  Touch the suspended lead, moving 
it as little as possible, to the Hi terminal 
post on the Q Meter being calibrated 
and re resonate with the precision 
capacitor 
The difference between the two record 
ed readings, C,-C,, plus 0 lSppf is the 
true capacitance corresponding to a dial 
reading of 30t 
(7)  Using the reading noted in step 4 
as C1, other values of capacitance on the 

Note this reading as C, 
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Figure I. Inter<;onnee:tion~of equipment that can be u~.d in the calibration of ,h. in
terno/ resonating copacitor of a Q Meter. H.re ~hown ore Q MeIers Type 260.A and 0

GR precision capocito' Type 722·D.

Pro~edure of Calibration
A. Calibration of main Q Capacitor.

(I) Set the Q Meier, NO.2, which i~ to
be used as the r('sonaoce indicator, to
450"",f and turn on the po,,'('r. Moum
on the instrument a suitably shielded
coil that wiJl resonate between 200 kc
and ~ookc Slleh as the 103·A32.
(2) Connea the precision C1lpacitor to
the Hi and Gnd terminals of the in·
dicating Q Meter through a short piece
of coaxial cable. Now set lh.. capacitor
in the indicating Q Meter, No.2, to the
minimum "alue of 30",,£.
(3) Connect lile grounded terminal of
the precision capacilOr 10 the Gnd term·
inal on lhe Q Meter being C1llibraled
(No 1) with a No. 18 slrande<! copper
wire. Arrange another lead from the
insulated terminal on lhe precision C1l.
pacilor to a point in air ¥an to Y2" above
til<' Hi eapacitor terminal post of the Q
Meter being calibrated (No. I) using
a no. 20 AWG bare tinned signal con·
ductor copper wire. The tip of this stlf
suspended lead mUSI be straighl, Without
hook~ or loops, and must poinl down
to the Q Meter terminal. Isolale tbis
lead from surrounding objects.
(4) Set the precision capacitor to 600·
I'l'f or more. Now adjust the oscill~tnr

fre<jueocy control of th(' indicating Q
Meter, No, 2, for a maximum indication
of Q. Resonance will occur at a lower
frequency than in step 1. Note lhe Sel·
ling of lh(' precision capacitor, calling
lhe reading Ct.
(~) Set the main capacitor dial of the
Q Meter being nlibrated (No.1) to
30 and the vernier dial to zero, Do oot
energize this Q Meter.
(6) Touch llle su~pended lead, moving
it as lillie as possible, to the Hi terminal
post on lhe Q Me,er beillg calibr.. ted
and re·resonate with the precision
capacitor. Note this readlllg as C~.

The difference between the two record
ed readings, CrC", plus O.Ojoljolf is the
true capacitance corresponding to a dial
reading of 30t.
(7) Using the reading noted in step 4
as C" other values of capacitance on the

Figure 2. Correction Chort.

CAPACITOR

.~

Resonating
Meter

NOlflboole
PRECISION

2, "Radio Frequency Resistors as Uniform
Transmission Lines", D. R. Crosby and
C. H. Pennypacker; Proc. I.R.E., Feb,
t946, p. 62.

3. "Signal Generator and Rel:eiver Imped.
ance-To Malch or Not 10 Match", \VI.

C. Moore, BRC Notbook No, 3, Fall
t954.

4. "Standards on Radio Receivers", Insti·
tute of Radio Engineers.

5. "Aceurate Radio Fre<juency Microvolt
ages", M, C. Selby, Trall5actions of
AlEE, Mai', 1953.

Equipment Required
1 Q Meter to be calibrated-fiRC 160-A
or 260·A (referred to as No. I).
1 Q Meter (BRC 160·A or 260.A) used
as an Indicating unil (referred to as No.
Z) .
1 Precision Capacitor with a range cover·
ing at least 600",1'.£ (G.R. 722 or equiva
lent).
1 Shidded Coil that will resonate between
200·500 KC.

Preliminary Check
Before beginning calibrMion it is ad"isable

to inspect the !nteroal Resonating Capacilor
to bec:alibrateJ. A quick check of lhe follow.
inS polllts may save a needless repetition of
ca.]ibration and avoid ",a'ste of time since lhe
instrument can nOI be calibrated properly if
any of these mechanical conditions pre"ail:

(I) Examine capacitor for foreign mat·
ler, specks of dirt, etc. Such matter tends to
10"'er the Q of the capacitor by introducing
a spuriou~ resistance across it.

(2) Check main bearing of rotof sections
or both main and vernier capacitors. Shafts
should be firm to pr('vent mechanieal back·
lash or electrie"oll in~tabi1ily.

(3) Check spring gear take.up of both
capacitors. Improper loading of gears will
also cause backlash.

(4) Make certain rotor~ are centered with
stators. Check plate spacing visually. Run
out rotor plates to notice any wobble.

Internal
Q

•·
••

Calibration of the
Capacitor of the

SAMUEL WALTERS, Editor, HII
Q ME"TER "TO BE CAUBRATEO

Recently we have received a number of
inquiries on thIS subjea. TIler arc numerous
eoough to indicate a wide.spread inl<'r("St in
,he technique of calibraling lhe Internal
Reronallllg Capacitor of (he Q Meter. This
intNe5t l~ under~tand1ble since the versattlity
of th(' Q Meter in performing a hOSI of func·
tion, lx'sides measuring Q' depends, in wm"
speCial cases. on the additional accumcy ob
tamable from an errof curve for the Internal
Resonating Capacitor.

The Q MeIer contains (1) an RF oscil
lator, (2) a measuring circuit including
the m.,in and vernier tuning capacitors (In·
ternal Resonating Gtpacitor), (J) a vacuum
tube voltmeler and (41 a syslem for inject·
ing a. known amOlmt 0 the oscillator \'oltag('
in seri~'S in the measuring circuit.

The Internal Resonating Capacitor is used
to adjust [ht' value of capacitance so that the
circuit under test can be resonated at the
measurement fre<jueocy. Calibration of this
C1lp~citor should be done ~t a relativ('ly low
frC<juency with respect to the inSlrument's
operating range in order to pre"ent stray
inductan'" effects.

The calibration method described here is
based on substitution of a known amount of
capacitance from a pred~ion eapacilOr for an
indicaled amount of Capacilancc in the Q
Meter, using a rcsonant circuit on a second
Q Meter for the compari50n.

I"'DICATING UNIT

SHIELDED COIL

Summary
Bi' judicious use of the RF Voltage Stand·

ard Type 245·1\ it is possible to check the
low and high level calibration of signal gen·
erators over a wide range of frequencies, and
10 l'S13bllsh signab for lesting rel:eivers at
the microvolt level with a confidence not
formerly possible.

Bibliography
I. "An RF Voltage Standard Supplies a

Standard Signal at a Level of One Micro·
vOll", C. G. Gom, ERC Notebook No.
5, Spring t955.

7



BOONTON RADIO CORPORATION THE NOTEBOOK 

Q Meter main capacitor can be checked 
by successive settings of the unknown 
capacitor and the precision capacitor as 
above to obtain new values of C,. 

B. Calibration of Vernier Tuning Capacitor 
The same procedure is followed as above 

except that the range of the precision capaci- 
tor must be expanded to obtain greater accu- 
racy of calibration. The main tuning capacitor 
is left at 30ppf, and the vernier capacitor is 
moved successively from 0 to fl, +2, + 3 ,  
and -1, -2, -3. The amount of change 
on the precision capacitor dial necessitated in 
each case for resonance on the indicating Q 
Meter represents the corresponding value on 
the vernier capacitor. 

By subtracting the calibrated values from 
the dial readings and plotting the errors 
against the dial readings as sbown in Figure 
2, a calibration chart for the main capacitor 
can be drawn up. It is possible through this 
method of calibration to obtain an error curve 
which permits use at an accuracy somewhat 
better than our specified tolerancel, depend- 
ing of course on the skill of the operator and 
the accuracy of calibration of the precision 
capacitor used. A similar but expanded chart 
(since the actual error will be in tenths) can 
be drawn for the vernier capacitor. 

.* See lead article in Winter, 1955 issue of 
Notebook on “A Versatile Instrument-The 
The Q Meter” by L .  0. Cook. 

f’ The VTVMadds about 0.15Wf when the 
meter i s  energized for normal Q Meter 
operat ion. 

$ Specified accuracy i s  plus or minus lwf 
from 30 to  100 Wf and plus or minus 1 % 
a b w e  I O 0  pp f .  

A NOTE FROM THE EDITOR 
We have noticed, as the publication date 

for each issue of THE NOTEBOOK draws 
near, that members of our engineering de- 
partment pause when passing the editorial 
sanctum on the way to the water cooler and 
gape over our shoulder at the three-inch layer 
of chaos sp rad  over the desk. This we charit- 
ably attribute to the engineer’s curiosity con- 
cerning the mysterious journey of The Note- 
book to the printed page, (rather than 
wonderment as to why anyone would get 
paid for doing that sort of thing), and we 
feel that our readers, members of the same 
genus, might also be curious, if not in the 
mechanical process of preparation of THE 
NOTEBOOK, then certainly in the mystery 
of why another group of engineers should 
be so interested. 

Dispensing with a description of the 
blood, sweat and tears generated by the au- 
thors in the course of their creative labors 
(many of our readers are painfully familiar 
with the picture), we will begin the journey 
at the point where the copy is ready for type- 
setting. The type for THE NOTEBOOK is 
“set” by a monstrous machine called a Lino- 
type, which spews castings, or slugs, each of 
which corresponds to a line of type. This 
machine also has the ability to make an even 
right hand margin by regulaitng the spacing 
between individual letters and words. 

When the copy has been linotyped and 
edited as carefully as time and the human 
factor permit, it is cut up and pasted in page 
form on large sheets of paper. The larger 
type used for headings is set by hand, using 
commercially available pads of paper letters. 

Glossy photostats of the line drawings are 
also pasted in position. 

When our eight “repro” pages are ready, 
we take them to the offset printer, who pro- 
ceeds to photograph them with a camera 
which is roughly half the size of a master 
bedroom. In this photographic process he 
reduces the size of our repro pages, which 
have been arbitrarily set up 10% larger than 
the final page size. The developed negatives 
are then placed over a light box and all 
extraneous lines, marks and paste-up details 
picked up by the camera are removed by 
means of opaquing fluid. The negatives are 
then carefully laid out in two rows of four 
each on a large sheet of paper, each page 
having a special position with respect to the 
others. This operation is called “stripping.” 
A large plate of thin, sensitized metal is then 
exposed to light through this bank of nega- 
tives. When the plate is “developed” the ex- 
posed areas retain a. greasy substance which 
attracts and holds printing ink. The plate is 
now mounted on the cylinder of the offset 
press and rotated, first against ink rollers 
which deposit ink only on the greasy areas, 
then against a large rubber roller which, in 
turn, transfers the ink to the paper passing 
through the press. 

Each sheet of paper, when printed on both 
sides in what the printer terms a “work and 
turn” sequence, contains two complete copies 
of THE NOTEBOOK. These sheets are then 
fed into a folding machine which simultane- 
ously folds and creates the glued binding. 
There remain only to cut, trim and punch 
the loose-leaf holes and our NOTEBOOK is 
ready for shipment. 
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Q Meter m~in capacitor can be checked
by succ<'5sive settings of thc unknown
capadtor and the predsion carac;tor as
abov" to obtain ncw valucs 0 CJ .

B. C.libration of Vernier Tuning Glpacitor
The samc procedure is follOwed as above

except that the range of the preci$ion capaci
tOr must be expanded to obtain greater accu
racy of calibration. The main tuning capadtor
is left at 30/-,/-,f, and the vernier capacitor is
moved successively from 0to +1, +2. +3.
and _I, _2. -3. The amount of change
on the precision capacitor dial necessitated in
each C;lSC for rcson;lncc on the indicating Q
Meter represents the corresponding value on
the vern'er capadtor.

By substracting the calibrated values from
the di~l readings and plotting the errors
against the dial readings as shown in Figure
2, a calibration chart for thc main capacitor
can be drawn up. It is possible thrQugh this
method of calibration to obtain an error curve
which permits use at an accuracy somewhat
better than our specified tolcrancet. depend_
ing of course on the skill of the operator and
the accuracy of calibration of the precision
c;lpadlor used_ A similar bUI expanded chan
(sincc the actual error will be in tenths) can
be drawn for the vernier capacitor,

~ See le"d ",tiel" in Wimu. 19j~ iss"" 01
Notebool<. 0" ~A. Vnsalil" l"st.umenl_Th"
The Q M"ln~ by L. O. Cool<..

t Thor VTV,Il"dds "bO<'I O.15j1jJ1 ",h"" 'b"
",,,'n Is "",,,;:i,.,,d 10f' """"al Q !rI<t1'"
"p","tlorr.
Sped/j"d acc"."Cl' is plus 0' mi"u.s IPILI
I.om 30 10 100 PILI and pI"s O' ",in"s I"
ab",," JOOj1jJ/.

A NOTE FROM THE EDITOR
W~ hav~ notic~d. as the publication date

for cach issue of THE NOTEBOOK draws
ncar, that members of our engineering de·
parrmCLll pause when passing the editorial
sanctum on the way to the water cooler and
gape over our shoulder at thc three-inch layer
of chaos sp,ud over the desk, This we charit·
ably attribute to the ''''$ineer's curiosity con
cerning the mjstcriou.s Journey of lbe NOIC
book to the printed page, (rathcr than
wonclermem as to why anyone would get
paid for doing that sort of thing), and we
fecI that our readers. members of the same
g..nus, might also be curious, if not in th..
mechanical process of preparation of THE
NOTEBOOK, Ihen certainly in the mystery
of why another g,roup of engineers should
be so intere:<;ted.

Dispensing with a description of the
blood, sweat and tears generalcd by the au
thors in the course of their CTClltive labors
(many of our readers arc painfully familiar
with the picture), we will begin tile journey
at the point where the copy is ready for type
sctting. The type for THE NOTEBOOK is
".set" by a monstrous machine called ;I Lino·
type, which spews castings, or slugs, each of
which corresponds to a line of type. This
machine also has the ability to make an eYen
right hand margin by regulaimg the spacing
between individual letters and words.

When the copy has been linotyped and
editcd as carefuIly as time and the human
factor permit. it is cut up and pasted in page
form on large shel"ts of paper. The larger
type used fot headings is set by hand, using
commercially available pads of paper letters.

Glossy photostats of the lint: drawings are
also pasted in position.

When our eight "repro" pages are ready,
we take them to the offset printer, who pro
Ct:eds to photograph them with a camera
which is roughly half the size of a master
bedroom. In this photographic process he
reduces the size of our repro pages, which
ha,·" ~n arbitrarily set up l0'/'.J larger than
lh.. final page size. Thc de,'eloped negatives
arc then placed o\'er a light box and all
extranc'Ous lines, marks and paste·up details
picked up by the camera arc removed by
means of opaguing fluid. The negatives are
then carefully laId out in two rows of four
each on a large sheet of paper. each page
haYing a special position with respect to the
others. Tllis operation is called "stripping:'
A large plate of thin, sensitized metal is then
e:Kposed to light through this bank of nega_
tives. When the plate is "developed" the t:x
posed areas retain a·greasy substalKe which
attracts and holds printing ink. The plate is
now mounted on the cylinder of the offsct
pre:<;s and rotated, lirst against ink rollers
which deposit ink only on the greasy areas.
then against a large rubber roller which, in
lurn, transfers the ink to the paper passing
through the prcss.

Each sher·t of paper, when printed On both
sides in what the printcr terms a "work and
turn" sequence. COntains two complcte copies
of THE NOTEBOOK. These sheets are then
fed into a folding machine which simultane
ously folds and creates the glued bindiog.
There remain only to cut, trim and pUllch
the loose,leaf holes and our NOTEBOOK is
ready for shipmcoL
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Circuit Effects On Q 
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YOU WILL ALSO F I N D . .  . 
Measurement of Dielectric 
Materials and High Q Ca- 
pacitors with the Q Meter Page 5 
Some Notes on Instrument 
Repair Page 6 
Correction of Low Q Reading on 
Q Meter Type 160-A Page 7 
Editor's Note Page 8 
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I I 
Figure 7 .  berres and parallel torms 
of impedance. 

ponent, it is simply an impedance and 
can be expressed either in the series 
or the shunt form as shown above. The 
following transformation illustrates this, 
Q > 10 being assumed: 

W'I! 
RZ 7 

:--f---R>R2+T Rs=- I L  

~ ~~~ 

Figure 2. Different circuit represen- 
tations for a coil. 

The extent to which any change of 
loss affects the Q depends upon the loss 
already present. A resonant circuit of 
reactance X and quality factor Q has 

X 
R, z series resistance = - 

R, = shunt resistance = QX 
Q 

Consider a 250ph coil which resonates 
with about 1OOppf at 1 mc. Assume Q 
of the whole circuit is 320. 

1 

WC 
X = o L z - - -  = l6OOR 

1600 

320 
. R S = - = 5 R  

R, = 320 x 1600 = 512,000 !2 

From these figures, it can be rea- 
soned, for example, that any change of 
0.020 in series resistance would be of 
little consequence but any additional 

dAN 23 1358 

shunt load of 5 megohms would have 
appreciable effect. 

If a certain Q value is implicitly as- 
sumed, then the magnitude of X is it- 
self an indication of impedance level, 
which is 

X 
R, - 

Q 
in the series case and 

R,, = QX 
in the parallel case. Thus at a fixed 
frequency, low resonating capacitance 
means a high impedance level. Conse- 
quently, at a low C, a shunt loss will 
have a great effect on Q while the ef- 
fect of an additional series loss will be 
negligible. 

Considerations In Practical Circuits 
Taking the view point of a simple 

resonant circuit, the following circuit 
aspects will be examined to see how the 
circuit loss accrues and how circuit Q 
is affected: 

I .  Single tuned interstage 
coupling circuit: 

For a narrow band or a single fre- 
quency amplifier, a special form of im- 
pedance coupling is a parallel tuned 
circuit as shown in Figure 3. When the 
coupling capacitor C,. is large enough 
so that its reactance is negligible, (this 
is the usual case), then the interstage 
circuit has only two terminals and is in 
fact a simple resonant circuit in parallel 
form. The resulting Q of the circuit is 
of interest because it concerns not only 
the stage gain but also the passband 
or frequency selective characteristics. 
Usually, the circuit Q is much lower 
than the combined Q of the coil and 
tuning capacitor C because there are 
several other losses involved. 

a. vP of t h e  f irs t  stage: Expressed in 
equivalent circuit form, the first stage 
becomes a current source of gllleF: with 
r,,, the plate resistance of the tube, as a 
shunt load across the resonant circuit. 
Therefore, a pentode is almost always 
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Q
R. = series resistance =

From these figures, it cao be rea
son<..J, fOf example, that an)' change of
0.02fi in series resistance would be of
little consequence but an)' additional

in the series case ;l,nd

X
R.=--

Q

R,,=QX

in the paraIlel ose. Thus at a fixed
frequency, low resonating capacitance
means a high imp<.-dance level. Conse
quently, at a low C, a shunt loss will
have a great dfL'Ct on Q while the ef
fect of nn additionnl series loss will be
negligible.

Considerations In Practical Circuits
Taking the view point of a simple

resonant circuit, the following circuit
asp<:Cts will be examined to see how the
circuit loss accrues and how circuit Q
is affected:

I. Single tuned infers'age
coupling circuit:

Far a narrow band or ;l, single fre
qucncy amplifier, a special form of un
peclance coupling is a parallel lUned
circuit as shown in Figure 3. Wh",n the
coupling capacitor c.. is large enough
so that its reactance is negligible, (this
is the usual Case), then the interstage
circuit has only tWO terminals and is in
fact a simple resonam circllit in parallel
form. TIle resulting Q of the circuit is
of interest because it concerns not ani}'
the stage gain bue also the passband
or frequency seleuive characteristics.
UsuaIly, the circuit Q is much lower
than the combined Q of the coil and
tuning capacitor C because there :Ire
several other losses iovolved.

a. r" of the firSf ,Iage; Expressed in
equivalent circuit form, the firsr stage
becomes a currcnt source of gL"e" with
f l " the plate resistance of the tube, as a
shunt load across the resonant circuit.
Therefore, a pcmade is almost alwa)'s

shunt 10.1<1 of 5 megohms would have
appreciable efff.:ct.

If a certain Q value is implicitly as·
sumed, then the magnitude of X is it
self an indication of impedance kvel,
which is

1600 n
we

X = wL =

1600
R.=--=5n

320

Rp = 320 x 1600 = 512,000 n

RI' = shum resistance = QX

Consider a 250,..h coil which resonates
with about 100,..,..f at I mc. Assume Q
of the whole circuit is 320.

Figure 2. Different drtuit represen
ttltions for tI coHo

The extem to which any change of
loss affects the Q depends upon the loss
already present. A resonant circuit of
reaCtance X and quality factor Q has

X

]]
"..~.. "
/ " ,

c =~
, ,;I ~.. ~.", .~"'". .

Figure I. Series t1nd parallel forms0' impedtlnce.

ponent, it is simply an impedance and
can be express<."(1 either in the series
or the shunt form as shown above. The
following transfornution iJ!ustr:ues this,
Q> 10 being assumed:

==
]]

~

c ~" ".~.m'-
~,

~, --"if;'"""

TIle Q of a prnnical simple resonant
circuiT is always lower than that of the
componcm coil or cap:u::icof because of
additional losses in the circuit which
oftcn appear <juice unexpectedly, In
a IJ1casuring circuil, as used in a Q
Metcr, small internal losses are always
present, whose significance is often not
fully realized. Under the general head
ing of circuit effects on Q. this article
poims out how the Jo.,ding accumulates
in some practical circuits and examines
the appreciable effea: of residual para
meters in Q Meter circuiTS on Q-rcad
ings obmined. Dllc to the effect of dif·
ferences in residual parameters, Q-read
ings of the same coil but from different
Q Meters may differ. Corrc!Mion of re
sults bcrw(:en the low frequency Q
Metcr Type 260·A and the high frc
quency Q Meter Type 190-A in over
lapping ranges is presented.

About Simple Resonant Circuits
A few assertions will be made about

the simple resonant circuit to serve as
a starting point for later discussion.

For a reactive component, either ca
pacitive or inductive, if the Q is greater
than 10, the following uansformarion is
valid as shown in Figure I.

X,=XI'=X

X. Rp

Q= -- ~ -- J.e. R.Rp=X'
R. X"

It is customary to talk about shunt
loss or series loss in either a coil or a
capacitOr. Bm as long as either of them
is considered as 11 twO terminal com-

YOU WILL ALSO FIND ...
Metlsurement of Dielectric
Mtlter;t1ls and High Q Ca·
ptlci,ors with the Q Meter Page 5

Some Notes on Instrumenf
Repair Page 6
Correction of low Q Reading on
a MeIer Type 160-A Page 7
Editor's Note Poge 8
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Figure 3. Single tuned interstage 
coupling circuit. 

used as the first tube since its higher 
r,, means less loading. 

b. I n p u t  loading  of the fo l lowing  
stage: Vacuum tube input impedance is 
generally considered high, but relative 
to the impedance of a parallel resonant 
circuit, the contrary is more often the 
case especially at higher frequencies. 

c. Stray capacitances with associated 
losses: This could be important if the 
stray capacitance is an appreciable part 
of the total resonating capacitance. To 
keep Q high, the metal parts with which 
the stray capacitance is associated should 
be well grounded and dielectrics in- 
volved should have low loss. 

d. Grid  resistor R,  loading  o n  the 
resonant circuit: 

e. Loss d u e  t o  B f  f eed ing  circuit: 
As shown in Figure 3, the decoupling 
capacitor C1 may introduce some series 
loss into the coil. And if parallel feed 
through a choke is used, a shunt load 
is added. 

If R,, is the final equivalent shunt 
losses of the whole circuit, including 
losses of coil and capacitor, then 

R, 
Q = -  

W L  

and the input voltage to the next stage 
will be glllegRL,. 

2. Feeding a parallel resonant 
circuit by a signal generator: 

When a signal generator like BRC 
Sweep Signal Generator Type 240-A is 
used to feed a parallel resonant circuit, 
care must be taken so that the oiitput 

impedance of the generator does not 
unduly affect the Q of the circuit. The 
output impedance of a signal gener- 
ator is generally 50 ohms, which is 
much too low to be connected directly 
across the resonant circuit. (Also too 
high to be used for series feeding the 
resonant circuit). The usual practice is 
to increase the output impedance by 
inserting a high series resistor, R, in 
series with the signal generator. This 
resistor, R, should be high relative to the 
tuned impedance (R,, = QwL) , because 
R+50 is indeed loading the circuit. 
Any detector connected across the reso- 
nant circuit, of course, is an additional 
load. 

Similar considerations hold when the 
cathode output of a tube is used to feed 
a resonant circuit. 

3. Physical aspects of 
components in a circuit: 

What is under consideration here is 
the change that is involved when a 
component is physically connected into 
a circuit. When, for example, a coil is 
shunted across a capacitor, in an ideal- 
ized circuit analysis, this means noth- 
ing more than putting two symbols to- 
gether. But actually, changes are in- 
volved in two general aspects: ( 1) due 
to proximity of two components, change 
of both inductance and capacitance is 
possible; ( 2  ) the physical connecting 
link, perhaps a copper strap, may have 
an effect on circuit performance which 
cannot be ignored. This kind of critical 
consideration primarily arises in prob- 
lems of measurement, but in practical 
circuits stray capacitance and lead in- 
ductance mean practically the same 
thing. This situation becomes more im- 
portant as the use of lumped constant 
circuit elements is extended to higher 
frequencies where coils become small 
and series impedances very low. A 
O.lph coil at 50 mc has a reactance of 
about 3212. A Q of 320 means a series 
resistance of 32/320 I 0.10. If at such 
a low impedance level, the contact re- 
sistance of a plug-in connection is of the 
order of a milliohm, it will show an ap- 
preciable effect on the Q of the coil. 
When this same coil is measured on a 
Q Meter, a poor connection will lead 
to a jitter in the Q reading or wide 
variations of results. 

4. Circuit Q and Effective Q: 
Why does a coil of Q = 300 measure 

only 250, for example, on the Q Meter? 
Why do different types of Q Meters 
sometimes give different readings for 
the same coil! These are the questions 
to be clarified here. 

The coil: 
Consider a coil expressed in a series 

form with inductance L and resistance 
R,; Le., a two-terminal element of im- 
pedance 2 = R,+jwL. It has a quality 
factor of L 

W L  

Rs 
d = - .  

The Q and 2 are primarily character- 
istics of the coil alone. But when the 
coil is connected into a circuit, the 
proximity effect can change the dis- 
tributed capacitance and create mutual 
inductance. Hence, it should be realized 
that strictly speaking an impedance, 
hence its Q, is not completely defined 
until the way it is connected into a cir- 
cuit is specified. 
The measuring circuit: 

The Q Meter measuring circuit con- 
sists of a signal source, a variable tun- 
ing capacitor, and a voltmeter. Ideally 
with the coil connected, the circuit 
should be as shown in Figure 4a, but 
actually the circuit for the Q Meter 
Type 260-A should be represented as 
in Figure 4b. (For Q Meter Type 
190-A, see its Manual). These spurious 
elements that are unavoidably intro- 
duced are known as residuals - resi- 
dual inductance and residual shunt or 
series losses 

- 
Figure 4. Q ... iter circuit. 

Rql is due to the oscillator injection 
circuit. 

R,? includes series resistance of bind- 
ing posts, connecting straps, etc. 

L,, is the residual inductance of bind- 
ing posts and connecting straps. 

R,, includes the voltmeter input re- 
sistance, the 100 megohm grid resistor 
and other dielectric losses across the 
capacitor. 

The Q Meter is designed to read the 
Q of the whole circuit. The reactance 
is now Lo + L, instead of L, and in- 
ternal losses are added. The resulting 
Q is of course not the same as the Q 
of the coil. Recognizing the effect of 
the internal losses, two kinds of Q are 

- 

2 

BOONTON RADIO CORPORATION

THE HRC NOTE.BOOK is published
fo"r fimes a year by the Boon/On Radio
Corporatioll. II is mailed free of charg8
tQ uiemists. 811gi"e"s lind Glher inter·
cstcd persons i" the ,ommunicalions
and electrQJ/i,s fields. The coments may
he reprinted only ",ith ,,,,i1l8n permis·
firm from Ibe editor. Your ,0mme1llS
and S1igg8U;QnS arC «'8Ieome, a"d
should he adJr8JJed to: EdilOr, THE
BRC NOTEBOOK. 800n/o,) Radio
Corporaliotl, Boonton. N. ].

Figure 3. Single tuned interslage
coupling circu;'.

used as the first rube since its higher
rl' means less loading.

b. II/put loadi,t/J of the jollollJiug
ttage: Vacuum tube input impedance is
generally considered high, but relative
to rhe impedance of a parallel resonant
circuit, the comrary is more often the
case especially at higher frequencies.

c. Stray capacitances with ilssoci,m,d
!oun: This could be important if the
stray capacitance is an appreciable parr
of the rotal resonating capacitance. To
keep Q high, the metal partS with which
the stray ClIpacitance is associated should
be well grounded and dielecuics in
volve<! should have low loss.

d. Grid resistor R9 loading 011 the
relOlIallt cirelli!:

e, LOJJ d/le !o B+ feeding circuit:
As shown in Figure 3, the decoupling
capacitor C1 may introduce some series
loss into the coil. And if parallel feed
through a choke is used, a shunt load
is added.

If R1• is the final {"quivalcm shunt
losses of the whole circuit, including
losses of coil and capacitor, then

R"
Q=-

wL

and the input voltage to the next stage
will be g",e~R".

2. Feeding a parallel resonanl
circuit by a signal generator:

\':then a signal genetator like BRC
Sweep Signal Generator Type 240-A is
used to feed a parallel resonant circuit,
care must be taken so that the OutpUt

impedance of the generator does nor
unduly affect the Q of the circuit. The
outpur impedance of a signal gener
ator is generally SO ohms, which is
much tOO low to be connected direcrly
across the resonant circuit. (Also tOO
high to be used for series feeding the
resonant circuit). The usual practice is
ro increase the OUtput impedance by
insening a high series resistor, R, in
series with the signal generaror. This
resiSlor, R, should be high relative to the
tuned impedance (R1, = QwL), because
R+50 is indeed loading the circuit.
Any detector connected across the reso
nant circuit, of course, is an additional
load.

Similar considerations hold when the
cathode output of a rube is used to feed
a resonant circuit.

3. Physical aspects of
components in a circuit:

\':that is under consideration here is
the change that is involved when a
componelll is physically connected into
a circuit. When, for example, a coil is
shunted across a capacitor, in an id{'al
ized circuic analysis, this means noth
ing more than putting tWO symbols to
gether. But actually, changes arc in
volved in tWO general aspects: (I) due
to proximity of twO componenrs, change
of bOth inducrance and capacitance is
possible; (2) the pllysical connecting
link, perhaps a coppet Strap, may have
an effeet on circuit performance which
cannOt be ignored. This kind of critical
consideration primarily arises in prob
lems of measurement, bur in pracricaJ
circuits stray capacitance and lead in
ductance mean practically the same
thing. This situation becomes more im·
portant as lhe use of lumped constant
circuit elementS is extended to higher
frC<Juencies where coils become small
and series impedances very low. A
O.I,..h coil at 50 mc has a reactance of
about 32n. A Q pf 320 means a series
resistance of 32/320 = 0.1 n. If at such
a low impedance level, the contact re·
sistance of a plug· in connection is of the
order of a milliohm, it will show an ap·
preciable effect on the Q of the coil.
When this s..lme coil is measured on a
Q Meter, a poor connection will lead
to a jitter in the Q reading or wide
variations of results.

4. Circuit Q and Effective Q:

Why does a coil of Q = 300 measure
only 280, for example, on rhe Q I'.Ierer?
Why do different rypes of Q Meters
sometimes give different readings for
the same coil? These are the questions
to be clarified here.

The coil:
Consider a coil expressed in a series

2

form with inductance L and resistance
R.; i.e., a two-terminal element of im
pedance Z R.+jwL It has a quality
factor of

wL
Q=-.

R.

The Q and Z are primarily character
istics of the coil alone, Bur when the
coil is connected into a circuit, the
proximity effect can change (he dis
rribuwd capacitance and create munml
inductance. Hence, it should be realized
that slriCtly speaking an impedance,
hence its Q, is not completely defined
until the way it is connected into a cir
cuit is specified.
The measuring circuit:

The Q Meter measuring circuit con
sists of a signal source, a variable tun
ing capacitor, and a voltmeter. Ideally
with [he coil connected, the circuit
should be as shown in Fi!jure 4a, but
actually the circuit for the Q Meter
Type 26o-A should be represented as
in Figure <lb. (For Q Meter Type
190-A, see its Manual). These spurious
elementS that arc unavoidably intro
duced arc known as residuals - resi
dual inductance and residual shunt or
series losses.

. .
~ __l: ~.__ _'

<

. .c. _,
__________ c. _,.

"" c

Figure 4. Q Meter circuit.

R.1 is due to the 05CiJIaror injection
circuit.

R.~ includes series resistance of bind·
ing postS, connecting straps, etc.

L., is the residual inductance of bind
ing posts and connecting straps.

RI' includes the voltmeter input re
siS((lIlce, the 100 megohm grid tesistor
and other dielectric losses across the
capaciror.

The Q Meter is designed to read the
Q of the whole circuit. The reactance
is now 4, + Lx insread of Lx and in
ternal losses arc added. The resulting
Q is of course not the same as the Q
of the coil. Recognizing the effect of
the internal losses, tWO kinds of Q arc
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defined: ( a )  Circuit  Q; Q of the whole 
Q measuring circuit including losses of 
the coil, all the internal residual losses 
and the effect of the residual inductance. 
( b )  Ef fec t ive  Q: Q of the coil itself as 
mounted on the Q Meter used (prox- 
imity effect included). In many but not 
in all cases, circuit Q is essentially equal 
to effective Q. 

The term indicated Q is often used; 
this refers to the circuit Q as indicated 
by the Q Meter which is designed to 
indicate circuit Q. This means that the 
difference between indicated and Lir- 
cuit  Q is strictly a matter of the ac- 
curacy of the Q Meter. If accuracy of 
the Q Meter is not in question, iizdi- 
cated and circuit Q mean the same 
thing. 

Now, circuit Q depends on coil loss 
as well as internal losses. Therefore, as 
internal losses may differ among dif- 
ferent Q Meters, either of the same type 
or of different types, the circuit Q 
measured on different Q Meters will 
differ from each other even if the coil 
measured is the same one. This differ- 
ence is usually small, especially if the Q 
Meters used are of the same type. But 
in the overlapping ranges (20-50 mc) 
of the 260-A and 190-A Q Meters, it can 
be as much as 50p  in some unusual 
cases. This may seem startling but as ex- 
plained in the next section, this dif- 
ference can be completely accounted for 
by the difference in residuals, which are 
much lower in the 190-A Q Meter 
since it is designed to cover a higher 
frequency range. 

u 

- 

Correlation of 190-A and 260-A Q 
Meters in Overlapping 

Frequency Ranges 

When the residual parameters in a Q 
Meter are all known, correction can be 
made on the circuit Q to allow for the 
effects of the residuals and thus obtain 
the effective Q by computation. The 
effective Q readings for the same coil 
as computed from the circuit Q in dif- 
ferent Q Meters should be the same, 
except for a possible difference due to 
the difference in proximity effects and 
contact resistance. When proper care is 
taken, this difference should be very 
small. 

In the overlapping ranges (20-50 
mc) both Type 190-A and 260-A Q 
Meters can be represented by the cir- 
cuit shown in Figure Sa, which can be 
transformed into Figure 5b and 5c. ( A  
more refined circuit for the 190-A Q 
Meter is given in its Manual). 

C. b. 

Figure 5. Q Meter equivalent circuits. 
where 

L,, R, = inductance and resistance 
of coil 

L,, = total internal residual induc- 
tance 

R, = total internal series resistance 

1 

R,l conductance. 
G,, = ~ = total internal shunt 

G,, = G,, + R , w V  = total in- 
ternal loss expressed as shunt con- 
ductance. 

The correlation of the two Q readings 
of the same coil in Type 260-A and 
190-A Q Meters will be demonstrated 
by comparing the results of effective Q 
computed in each case from the indi- 
cated Q readings. The indicated Q will 
be taken the same as circuit Q; Le., each 
Q Meter is assumed to have perfect ac- 
curacy. To get effective Q, the correc- 
tion has two parts; ( A  ) for residual in- 
ductance, ( B )  for residual losses. 

A. Correction for residual inductance: 
Here the reactance of the coil itself will 
be computed. 

L, = L - L,, 
OL, = WL - WL,, 

1 
since OL = - at resonance 

OC 
1 

WC 

1 

OC 

OL, = - - W L , ,  

- - - ( 1  - W'L,,Cj 

= q - w'(L,,+L,)C- 
OC L,,+L, L" I 
1 LO 

-(l---- 1 
WC L, ,+L 

since w' ( Lc,+Lx j C = w'LC = 1 

- - 

The equivalent capacitance that will 
resonate with L, is 

1 C 
- - c, = ___ 

C 

WSL, 1 -O'L,,C 

- - 
L,, 

L,,+L, 
1-- 

0.015 p h  in 260-A Q-Meter 

0.0026 p h  in 190-A Q-Meter 

At 50 mc, 100 ppf is in resonance 
with O.1ph. Evidently, L,, in 260-A Q 
Meter becomes appreciable then. 

1 L,, = 

B. Correction for residual losses. 
Qi = circuit Q = indicated Q 

(Perfect Q Meter accuracy as- 
sumed ) 

Q'. = effective Q 
WC 

G,,+R,w'C' 
Qi 

l -W'L, ,C 
- 

1 
Qc. ~ - 

RxwCx R,wC 

Qi, G,,, O, C and L,, are known 
quantities. QI, can be computed by elimi- 
nating R, between equations foi Qi and 
Q(, above. So the computation for Q,. is 
straightforward in principle and does 
not require discussion. The method out- 
lined is only to minimize the work of 
computation and also give an indica- 
tion as to the relative weight of dif- 
f e r e n t  p a r a m e t e r s  a n d  t h e i r  i n t e r -  
relation. 

Steps to compute Qc. will be given 
below with a derivation outlined later. 
Due to difference in expressions for 
shunt loss, the 260-A and 190-A Q 
Meters have to be treated separately: 

I .  FOT t h e  260-A Q Meter:  

a,) Compute C, from C, = 
C 

1 --O'L,,C 

b. j Find a from a vs C' graph 

c. ) Correct a to get a' = 
( Figure 6 ) 

1 250 
a + - (- - I), if this appears 

3 Qi significant. - 

d.)  Compute y by y 

3 

Q,=----
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ddind: (a) CirC/lil Q: Q of the whole
Q measuring circuit including losses of
the coil, all the internal residual losses
:lnd the effe<:t of the rt'Sidual inductance.
(b) Effecthe Q: Q of the coil itself as
mounted on the Q Meter used (prox.
imity efk,<t includd). [n man)' but nOt
in all cases, circuir Q is essentially l-qual
to dk'<tive Q.

The term iud/tilted Q is often used;
this refers to the circuir Q as indicared
by the Q Merer which is desigrK·tl ro
indicate circuit Q. This means th:tr rhe
difference between iuditlJu:d and ~/r

cuir Q is srrictly a matter of the ac·
curacy of rhe Q Mcter. If accuracy of
tllc Q Meter is not in question. il/di·
",ted and cirellil Q mean the same
thing.

Now, circuit Q depends on coil loss
as well as internal losses. Therefore, as
imernaJ losses may differ among dif·
ferem Q Merers, either of the same rype
or of differenr rypes, Ihe cirmit Q
measured on different Q Meters will
differ from ea<:h other even if the coil
measured is the same one. This differ
ence is usually small. especially if the Q
Meters lIsed are of the same type. nut
in the overlapping ranges (20--50 mc)
of the 260·A and 19Q-A Q Merers, ir can
be as much as 50r-;- in some unusnal
GlSt.'S. This may seem startling but as ex
plained in the next sC'Ction, this dif
ference can be completely aCCOUnted for
by rll" difference in residtlals, which are
much lower in the 19Q-A Q Mcter
since it is designed to cover a higher
frequency range.

CorrehJtion of 190-A and 260·A Q
Meters in Overlapping

Frequency Ranges

\X!hen thc residual par,llnererS in a Q
Meter arc all known, corrcrtion ern be
made on the circuit Q to allow for the
efk'Crs of the residuals and thus obrain
lhe effcrtil'e Q by computation. The
cfk'Ctive Q readings for rhe sam,· coil
as computed from the circuit Q in dif
ferent Q !\-[ett:rs should be rhe same,
except for a possible difference due to

the difference in proximity efk'Cts and
comacr resistance, \Xlhen proper care is
tak,·n, rhis difference should be vcry
small.

In rhe overlapping ranges (20--50
mc) both Type 19Q-A and 260-A Q
Merers can be represenwd by the cir
cuir shown in Figure 5a, which can be
rmnsform,"(! into Figure 5b and 5c. (A
more refine<! circuit for the 19Q-A Q
Metcr is given in its Manual).

Figure 5. Q MeIer equivalenl circuits.
where

L." R, = induct;.nce and resistance
of cuil

1.., = IOt:,1 internal residual induc
tance

It" = tOlal im(Ornal seri("S resistance

1
G 1, = -- = IOtal internal shunt

R" conductance.

Go, = Gl' + R.w'C' = total in
ternal loss expressed as shunr con·
ductance.

Tllc correlation of the tWO Q rcadings
of lhe same coil in Type 260-A and
[90·A Q MeIers will be demonstratl.J
by comparing rhe rl'Sults of effl'Ctive Q
computed in each case from the indi·
(;\ted Q readings. The indicaled Q will
be t'lken the same as circuit Q; i.e.• each
Q Metcr is assumed to ha\'e perfen ac
curacy. To ger effective Q, rhe corf('C
tjon has tWO pans; (A) for rcsiciual in
ounance, (!3) for rcsidual losses.

A. Corrtcrion for rl"Sidual inductance:
Here the reactance of rhe coil itself wiJl
be computed.

L.=L-L"
wL" = wL ~ wI..,

1
since wL = -- at resooance

wC
1

wL. =--- wl."
wC

1
=-- (1 - w'L,C)

wC

I[ I"j= -- I -w'(l.,,+LxlC---
wC I.,,+L.

I I~,

=-( ---I
we L,,+L~

since w'(L,,+L,)C = w'LC = I

The ''quivalent capacitance that will
resonate with L" is

3

I C
c.=--=---

w'l, l-w'I."C

C

L,
1--

l,,+L,

0.015 /Lh in 260-A Q-Meter

0.0026 Mh in 190-A Q.Meter

At 50 mc, 100 MMf is in resonance
with O.IMh. Evidently. 1." in 260-A Q
Mctc·r bt'Coll1es apprl'Ciabk then.

B. Corr,'CtiOll for residual losses.
QI = circuit Q = indiGllcd Q

(Perfc'Ct Q Mel,·r accuracy as·
SUllled I

Q" = efk-ctivc Q

wC

G,,+R,w'C'

1 l-w'I...C
0,.=--=---

R,wC, R,wC

Qr. G", w, C and 1." arc known
quanrities.Q.. can be COmp11ll.J by climi
natini!l R, berw'"en cqu:ttions for Qj and
Q.. above. So the computation for Q,. is
srr:lighdorw:trd in principle and dCK'S
not rL'quire discussion. The melhod out
lined is oilly to minimize the work of
computation and also give an indica·
tion as to the rel:uiw weighl of dif
ferent parameters and rheir intcr
relation.

Steps to compute Q.. will be given
below with a dtriv,llion ourlill'.J l:tler.
Due to tlifferellCC in cxpressions for
shunt loss. the 260·A and 19Q-A Q
Mercrs hav,· to bc treated separately:

1. For the 260·A Q Merer:
C

a.) Compute C. from C. = ---
l-w"L"C

b.) Find a fmm a vs C' graph
(Figure 6)

c.) Correct 0: to gel a' =
I 250

€X + - l-- - I), if rhis appears
3 QI

significant.

d.) Compute y by y

Q1f,,,,.
= 0.0011-1--.'

CMMf

C I
c.) Obtain Q.. by Q,. = -- •-- Q,

c, I-y
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0.015 p h  
0.135 

1.16 

106 

where a 
equivalent shunt loss due 

to residual series resistance 

LO - W'L"C 
1 

- - 
CY 

C 1 --W'L,C 
- 

cs 

actual internal shunt loss 
y = Total internal loss as a fraction of 

total circuit loss 
So a shows the relative importance 

of shunt and series residual losses. 
And if y = 0.10, it means 10% of 

the total circuit loss is not due to the 
coil measured but due to the internal 
loss of the Q Meter. The effective Q 
should therefore be higher than the cir- 
cuit Q by the factor 

1 I 
- 

1 
- - = 1.11 

1-y 1-0.1 

C c 
The 

1 - 

- factor in Q(. = - e Qi 

c, c, 1-y 
takes care of the effect due to residual 
inductance. When frequency and ca- 
pacitance are changed, the resulting ef- 
fect on y, i.e., on the difference between 
effective Q and circuit Q can be easily 
estimated from the expression 

Qifiiic 

Y = 0.00114 ___ a' 

together with the a vs C' graph. 
The a to a' correction refers to level 

effect not discussed so far. In the 
260-A Q Meter, a t  a frequency above 
20 mc, the voltmeter loading increases 
as the signal level (i.e., the Q reading) 
decreases. The given correction for a is 
good for Qi > 100. 
2. For the 190-A Q Meter. 

a.) Compute C, from C, z 

b.) Find P from P vs C' graph 

c 
l--W'L,,C 

(Figure 7 ) 

0.00573 Qi 
c.) Compute 7 by 7 = P 

CPPf 
1 

d.) Obtain Qc. by Qc = - - Qi 

where the physical meaning of P and 7 
correspond respectively to those of a 
and y .  

Outline of derivation of above rela- 
tions (for 260-A Q Meter) : 

G, Gp+Rsw2C2 
y=- - 

Gt OC 

Qi 

cs 1-7 

- 

- 

QiG,, R,O'C? 
1 ( I +  ___ 

WC GI) 

- - 

R,w2C2 + 1, G,, = kf' a=------ 
GI; 

Qi fk Qifiiic 

277-c 

1 
Qe - 

RswCs 
Gt = G,, + R x ~ ' C P  

. . y = -  a = 0.00114 - a 
cwf 

Eliminate R, between Qe and G,. 

C 
Qi 

100.5 ppf 
301 

L" 
dL,C 

cs 1 

C 1 - O?L,,C 
- -- 

cs 

0.0026 p h  
0.0258 

1.026 

103.1 

C2 

graph 
Correction for a 

1 250 
- ( -  -1 ) 
3 QI 

a from a vs C' 

A 4 

1 0  

1 250 

3 Q1 

1 0  19 a' = a + - (- -1) 4.263 

- 
I 

I O  Q2 Qi fmc  

CPPf 
1 0.00114- a' 0.4957 

8380 

4.15 

0.113 

I ,mo moo lorn ,000 1000 I r n D  7000 .om ma0 10000 

Figure 7.  /3 versus C' graph for Q 
Meter Type 790-A. 
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10100 

5.70 

0.00573 Qi 
P I =  

CPPf 
c 1  

c s  1-7 
Qi 

Q - - e -  e -  

0.0979 
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where 01

+1
actual imern:d shun! loss

y = Total imernal loss as a fracdon of
ramI circuit loss
So a shows the rdative import:mce

of shunt lind series r(>sidual losses.
And if y = 0.10, it rnl':lns IO~ of

rhe tOtal circuir Joss is not due ro the
coil measured bUl due [Q the internal
loss of (he Q Merer. The effective Q
should therefore be higher than the cir·
cuit Q by [he factor

1
1.11

I-y 1-0.1
The

C C 1
-- facror in Q.. = -- " Q,

Cx C, I-y
rakes care of the efh>Ct due to residual
inductance. \Xlhen frequency and (:1.

pacitance arc changed, the resulting ef·
k-ct on y, i.e., on (he difference between
effective Q and circuit Q can be easily
estimated from the expression

Q,f","
y=000114--.'

Cp,p,f

together wirh the a 'IS C' graph.
111l: 01 to 0" correction refers to level

effeer nQt discussed so far. In the
260-A Q Meter, at a frequency ab!we
20 me, the voltmeter loading increases
as the signal level (i.e., the Q reading)
decreas<:s. The given correction for 01 is
good for Q, > 100.
2. For the 190·A Q Meter.

C
3.) Campmc C, frome, =-:---::--::-

l-w'L"C
b.) Find {3 from {3 '15 C' graph

(Figure 7)

0.OO573QI
e.) Compute 7j by 7j

C/JpJ

C 1
d.) Obtain Q.. by Q.. = __ • ~_ Q,

CX 1-1)

where the physical me;lIling of {3 and 7j
correspond respectively to those of 01

and y.
Outline of derivation of above rcla

tions (for ~60-A Q Meter) :
G~ GI'+R.w'C'

y=-=--=---
G l wC

Q1G1, R,w'C'
--(1+--)

wC G I ,

R,w'C'
a=---+ l, G,.=kf'

G 1;

1
Q,.=-

R,wCx

G 1 = G" + Rxw'C'

Eliminate R, betw{'{'n Q.. and G,.

w'C'

C wC. '--

C 1
=--'---Q,

C" l-y

100.5 ,u.,u.f
301

103.1

1.026

10100

5.70

0.0026,u.h
0.0258

C'
{3 from f3 vs C'

graph

I.,
. w'r..,C

C !-w'I...,C

106 Cx

C,

To Ket Q..
8380

4.15

Measured data;

91.5 p,p,f II C
187 QI

To get e,:
0.015 ,u.h

0.135

1.16

0.113

C,

C l-w'L,.C

C,

w'l"C

C
Q,

C'
a from a. vs C'

graph

Correction for a.
t 250

( --1)
3 Q,

h:ample: Computation of Q.. from mcasun::d dara of a o.! ,uh Coil ar 50 me.

260-A Q Metp.r 190-A Q Meter

c' r..-",- <A......_. ,. -I)'~

• __---L..!.j..!..I..!,;J-2.J.~_

Figu;e 6. cr: versus C" graph for Q
Meter Type 260-A.

"rI I rTH.++
".,.~c·

...

QI f",c
y = 0.00114 ~-- a'

C,u.,u.f

C 1
Q.. =-"--Q,

CX 1-,.

."
Figure 7. {3 versus C' graph for Q
Meter Type 190·A.
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0.00573 Qt

C!-'-,uf

C I
Q,=-'-Q,

Cx J-7j

0.0979

326

4



T H E  NOTEBOOK 

ii 

~~ 

Measurement of Dielectric Materials 
and Hi Q Capacitors with the Q Meter 

N O R M A N  L. RIEMENSCHNEIDER, S a l e s  E l z g i n e e v  

Dissipation Factor of 
Insulating Material 

A considerable amount of material 
has been published on this subject by 
many experts in this field describing 
the various techniques and the precau- 
tions to be observed in making measure- 
nxnts. From our own field work with 
companies involved in these measure- 
ments, we have come to realize the need 
of methods for use where the expedi- 
ency required for process control work 
can be obtained at some possible sacri- 
fice in accuracy by eliminating specially- 
developed specimen holders, guard 
rings, etc. It is in this sense that we 
offer the following suggestions for mak- 
ing measurements of this nature. 

To review the overall operation very 
briefly, let it suffice to say the sample 
to be measured will be converted into 
a capacitor by adding suitable elec- 
trodes to the two parallel surfaces, and 
measurements made of its equivalent 
parallel capacity (C,, ) and resistance 
(R,,) . From thcse two parameters, the 
Dissipation factor 

1 
- 

1 

Q wC& 
D T -  - 

can be determined. The whole opera- 
tion can be resolved into a sequence of 
logical steps, with the necessary precau- 
tions, described below: 

Operating Procedure 
The ground plate and clip shown in 

Fig. 2 have been used with very satis- 
factory results. Prepare a plate and clip 
as shown and install on the Q Meter 
(see Figure 1 ) . 

Select the desired frequency and al- 
low the Q Meter to warm up. Use a 
shielded coil whose inductance is such 
that it will resonate at the desired fre- 
quency with the Q Capacitor set at ap- 
proximately 50 ppf .  It is desirable to 
use the least possible amount of capaci- 
tance to resonate the coil since any di- 
elertric specimen loss added to the cir- 
cuit later will be more conspicuous 
when paralleled across a low capacity 
(high impedance) than a high capacity 
(low impedance). In any case, the low- 
est capacity that can be used will equal 
the sum of the sample capacity plus the 
minimum capacity ( 30 ppf ) of the Q 
Meter internal resonating capacitor. 

i/ Selection and Preparation 
of Samples 

Inasmuch as the ratio of loss and ca- 

“’I 

figure 1. The author measuring the dissipation factor of Teflon. 

pacitance vary uniformly, there is quite 
a latitude in the choice of sample size. 
Very often either a 2” diameter, Y8’’ 
thick, round disc, or a 4” x 4” square 
sample is chosen. It is of some advan- 
tage to use a configuration whose area 
can be readily computed if the dielectric 
constant is to be measured. In any case, 
increasing the area or decreasing the 
thickness will tend to  increase the 
measurable “lossiness” which is desirable 
when measuring materials having very 
low dissipation factors. The sample 
should be clean and handling of the 
edges should be avoided to preclude the 
possibility of any contamination. Apply 
a very thin layer of Petrolatum and add 
aluminum or soft lead foils cut to 
sample size to both sides of the sample. 
Be sure to “roll out” any air pockets so 
that intimate contact is made at all 
points. It is also possible to employ 
commercially available conductive coat- 
ings which can be painted or “vacuum 
evaporated” on the sample. 

Measurements with 
Sample Connected 

With the ground plate secured to the 
case of the Q Meter and connected to 
“Lo” Capacitor post, mount the speci- 
men on the plate and hold in position 
with the spring clip connected to the 
“Hi” Capacitor post. After having 
adjusted the “Q Zero adjust” knob, in- 
crease the oscillator output control until 
the “Multiply-Q-By” Meter indjcates 
“1”. Be sure this needle is at this point 
during all measurements. Rotate the Q 
Capacitor to obtain resonance as indi- 
cated by a maximum deflection on the 
“Circuit Q’  meter. If the main con- 
denser is set at the nearest calibration 
on the dial and the vernier condenser 

adjusted for resonance, a much closer 
reading can be made of capacitance. 
Make a record of Q z  and Ca at this 
point. (These readings are designated 
as Qa and Cz since in Q Meter measure- 
ments they are usually recorded as the 
second reading). The procedure has 
been reversed here since specimens can 
be removed faster than they can be 
mounted and it is desirable to minimize 
the elapsed rime between readings. 

Those using a 190-A or 260-A Meter 
will want to take advantage of the 
“Delta Q’  scale on the instrument. In- 
asmuch as the Q1 reading will be higher 
than the Q2 reading just made, the 
“Delta Q ’  adjustment will not be ref- 
erenced to zero but to some other con- 
venient point on the scale. It is also 
very advantageous to hold the “Delta 
Q’ key in its operated position long 
enough to take advantage of the in- 
creased meter sensitivity and refine the 
circuit tuning as needed. The reference 
point finally chosen should be recorded. 

Measurements with 
Sample Removed 

Remove sample and Spring Clip Con- 
nector and resonate the circuit as above. 
Operate “Delta Q ’  key when at peso- 
nance and refine tuning with vernier. 
Read “Delta Q” value first and then the 
value of C1. Q1 will be equal to Ql 
plas the change (neglecting sign) in 
“Delta Q” reading. The needle, when in 
“Delta Q ’  operation, should always 
move to the right when going from the 
Q2 reading (with sample) to the Q1 
reading (without sample). For those 
using older type Q Meters that do not 
have the Delta Q scale, it will be neces- 
sary to read Q1 from the meter and 
compute the change. 
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Measurement of Dielectric Materials
and Hi Q Capacitors with the Q Meter

NORMAN L. RIEMENSCHNEIDER, Sales Engineer

Dissipation Fador of
Insulating Material

A considerable amount of material
has been publishd on this subjet:t by
many experts in this field describing
the various techniques and the precau
tions to be observed in making measure·
ments. from our own field work with
companies involved in these measure
ments, we have come to realize the need
of m(:rhods for usc where the expedi
ency fc<Juired for process control work
can be obtained at some possible sacri·
fice in accuracy by eliminating specially
developed specimen holders, guard
rings, ere. It is in this sense that we
offer the following suggestions for mak·
ing measurements of this narure.

To review the overall operarion very
briefly, let it suffice to say the sample
to be measured will be convened into
a capacitor by adding suitable elec
trodes to the tWO parallel surfaces, and
measurcrnents made of its e<juivaJcnt
parallel capacity (C\,) and resistance
(R,,), From these twO parameters, the
Dissipation faCtor

can be determined. The whole opera
tion can be resolved into a sequence of
logical steps, with the necessary precau
tions, described below;

Opertlting Procedure
The ground plate and clip shown m

Fig, 2 have been used with very satis
factory results. Prepare a plate and clip
as shown and install on the Q Meter
(see Figure I).

Select the desired frequency and al
low the Q Meter to warm up. Use a
shielded coil whose inductance is such
that it will resonate at the desired fre
quency with Ihe Q Capacitor set at ap·
proximately 50 p,,..d. It is desirnble to
use the least possible amount of capao:i
tance to resonate the coil since any di
ck~tric specimen loss added to the cir
cuit latet will be more conspicuous
when paralleled across a low capacity
(high impedance) than a high capacity
(low impedance 1. In any case, the low
est capacity that can be used will equal
the sum of the sample capaciry plus Ihe
minimum capacity (30/LP,f) of the Q
Meter internal resonating capacitor.

Selection and Preparation
of Stlmples

Inasmuch as the ratio of loss and ca-

Figure I. The tluthor metl5uring the dissipation factor of Teflon.

pacirnnce vary uniformly, there is quite adjusred for resonance, a much closer
a latitude in the choice of sample size. reading can be made of capacitance.
Very often either a 2" diameter, VB" 11:ake a recOrd of Q:: alld C:: at this
thick, round disc, or a 4" x 4" square point. (These readings arc designated
sample is chosen. It is of some advan- as Q~ and C~ since in Q Meter measure·
lage to use a configuration whose area tneOlS they arc usually recorded as the
can be readily computed if the dieleCtric second reading). The procedure has
constant is to be measured. In any case, been reversed here since specimens can
increasing the area or decreasing the be removed faster than they can be
thickness will tend to increase the mounted and it is desirable to minimize
measurable '"Iossiness"' which is desirable the elapsed lime between teadings.
when measuring marerials having very TIlOse using a 190·A or 26Q·A Meter
low dissipation faCtors. The sample will want to take advanrage of the
should be clean and handling of the "'Delta Q" scale on the instrument. In-
edgel should be avoided to preclude the asmuch as the Qr reading will be highet
possibility of any contamination. Apply than the Q~ reading juS! made, Ihe
a very thin layer of Petrolatum and add "'Delta Q" adjustment will not be ref·
aluminum or soft lead foils Cut to erenced (0 zero but to some other can·
sample size to both sides of the sample. venient point on rhe scale. It is also
Be sure to "roll out" any air pockets so very advantageous to hold the "Delta
that intimate contaCt is made at all Q" key in its operated position long
points. It is also possible to employ enough to take advantaBe of the in-
commercially available conductive coar· creaR..:! meter sensitivity and rdine the
ings which can be painted or "vacuum circuit tuning as neede<1. The reference
evaporated" on the sample. point finally chosen should be recorded.

MeO'surements with MeO'surements with
Stlmple Connected Sample Removed

\'V'ith the ground plate secured to the Remove sample and Spring Clip Con-
case of the Q Meter and connected to nector and reSOnate the circuit as above.
"Lo" Capacitor post, mount the speci. Operate '"Delta Q" key when at reID-
men on the plate and hold in positioll na'ice and rdine tuning with vernier.
with the spring clip connected to the Read "Delta Q" value first and then the
"Hi" Capacitor post. After having value of C,. Q, will be equal to Q~

adjusted the "Q Zero adjust" knob, in· pita the change (neglecting sign) in
crease the oscillatOr output control until "Delta Q"' reading. The needle, when in
the "Multiply·Q-By" Meter indicates "Delta Q" operation, should always
'T', Be sure this needle is at this poinr move to the right when going from the
during all measurements. Rotate the Q Q~ reading (with sample) to the Q,
Capacitor to obtain resonance as indi· teading (without sample). For those
cated by a maximum deflection on Ihe using older type Q Meters thar do not
"Circuit Q" meter. If the main con- have the Delta Q scale, it will be neees-
denser is set at the neatest calibration sary to read Q, from the meter and
on the dial and the vernier condenser compute the change.
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Calculation of Dissipation Factor 
The dissipation, D, is found to be: 

CI (Qi - Q.1 
D =  ( 1 )  

(Ci  - C,) QI Qt! 

And of course Q1 = Q:! + “Delta Q ’  
when the “Delta Q” scale is used. 

Examination of the above formula 
emphasizes the importance of determin- 
ing the (Q1 - Q 2 )  or “Delta Q” term 
as accurately as possible, since the meas- 
urement accuracy is in the same order 
as the determination accuracy of this 
term. 

Example of Technique 
As a means of illustrating the tech- 

nique, the following measurements were 
were made at 1 mc on a piece of Teflon, 
2” in diameter and 0.077” thick. 

HOLE SCHEDULE 
A-.201 D I A  - 1  HOLE 

RHODIUM PLATE 

GROUND PLATE 

MAT 

FIN 
SILVER A 
RHODIUM PLATE 

SAMPLE RETAINING CLIP 

Figure 2 .  Details of dielectric test 
fixtures for Type 760-A and 260-A 
Q Meters. 

With Sample Attached: 
Cz = 73.0 main condenser, and 0.12 

for vernier condenser; total = 73.12ppf 
Qz 232 
“Delta Q ’  set at 25 

“Delta Q” reading = 2 1.2 
AQ = 2 5  - 21.2 = 3.8 
C1 = 93 main condenser and 0.6 for 

Remove Sample: 

vernier condenser; total = 93.6 
QI = Q2 + “Delta Q” = 

232 + 3.8 = 235.8 
Computations: 

Ci (Qi - Q.1 

(CI - Cz) QIQ. 
D =  

C1 (Del taQ) 
- - 

(CI  - G )  QiQ. 

93.6 X 3.8 
- - 

20.48 x 235.8 X 232 

3 56 x 10’ 

1.12 x 10” 
- - 

= ‘.0003 18 dissipation factor. 

It might be worth noting that as the 
insulating properties of the materials 
tested become better, the  quantity 
(Q1 - Q.), called “Delta Q”, becomes 
smaller to the extent that the use of the 
“Delta Q ’  scale, incorporated in both 
the 190-A and 260-A Q Meters, be- 
comes mandatory. 

Dielectric Constant 
The dielectric constant, K, can be 

4.45 c, t 
K =  ( 2 )  

S 

C, = Sample capacity = C1 -Cz 
(from above) 

t = average thickness of material in 
inches 

S = area of active dielectric material 
between electrodes in square inches 

Using the values determined above, 
the dielectric constant of the sample is: 

4.45 x 2048 x ,077 

found from 

Where: 

K =  
7T 

= 2.28 for the sample tested 
If S and t are measured in centi- 

K =  ( 3 )  

meters 
11.3 C, t 

S 

Use of the Hartshorne Holder 
Specimens of suitable size and thick- 

ness can be mounted in a Hartshorne 
type holder and measured in three ways: 

1. “Resonant Circuit, Resonance Rise 
Method”: This is similar to the tech- 
nique shown above but refined to the 
extent of mounting the specimen in a 
Hartshorne Specimen Holder. 

2. “Variable Susceptance Method 
with Air Gap”: Here the specimen is 
mounted in a Hartshorne Holder and 

an Air Gap of 0.005” to 0.050” is in- 
troduced above the surface of tke speci- 
men. .This method has been found suita- 
ble for measurements from 10 kc up 
to 100 mc. 

3. “Variable Susceptance Method 
without Air Gap”: This method, similar 
to the above except that the specimen 
is clamped in the holder instead of al- 
lowing an air gap, is employed for ma- 
terials whose losses are too small to be 
measured by the air gap technique. 

Boonton Radio Corporation Drawing 
Number C-302252 gives the specifica- 
tions for the adapter plate used to 
mount the Ceneral Radio Type 1690-A 
Hartshorne Holder to any BRC Q 
Meter and is available upon request. 

Measurements can also be made of 
insulating liquids with the provision of 
a suitable cell or container. 

S O M E  NOTES ON 
INSTRUMENT REPAIR 

One of the responsibilities of a manu- 
facturer of precision electronic instru- 
ments is to provide facilities for repair- 
ing and maintaining his products. In a 
sense this responsibility begins in the 
development and design stages of an 
instrument’s history for it is in this 
stage that proper design will minimize 
the need for later repair. Also at this 
stage arrangements which facilitate later 
repair can be made. 

Boonton Radio Corporation operates 
a factory repair facility and also has 
authorized repair of its instruments by 
competent groups operated by its Rep- 
resentatives throughout this country and 
Canada. When your instrument requires 
repair, contact the office nearest to you, 
included in the list on the back page of 
this issue. 

When your instrument is to be re- 
turned to the factory for service the fol- 
lowing steps will expedite the repair. 
1. State as completely as possible both 

on an instrument tag as well as on 
your order the nature of the prob- 
lem which you have experienced. 
Too much information is far better 

d 

Inspector aligning the RF section of 
Signal Generator Type 27 7-A to 
track with the frequency dial. 

,, 

6 

BOONTON RADIO COR PORATION

Calculation of Dissipation Factor
The dissipation, D, is found to be:

Example of Technique
As a means of illustrating the tech

nique, [he following measurements were
were made at 1 mcona piece of Teflon,
2" in diameter and 0.077" thick.

Inspector aligning the RF section of
Signal Generator Type 2' I-A to
frock wifh the frequency dial.

an Air Gap of 0.005" to 0.050" is in·
troduced above the surface of tht: speci·
men. 'TItis method has been found suita
ble for measurements from 10 kc up
to roo mc.

3. "Vatiable Susceptance Method
without Air Gap": TIlis method, similar
to the above except that the specimen
is clamped in the holder insread of al·
lowing an air gap, is employed for ma
terials whose losses ate tOO small to be
measuwd by the air gap technique.

Boonton Radio Corporation Drawing
Number C-302252 gives ehe specifica
tions for the adapter plare USl.,J to

mount the Ceneral Radio Type 1690-A
HartShorne Holder to anr BRC Q
Meter and is available upon requeSt.

MeasurementS can also be made of
insulating liquids with the provision of
a suitable cell or container.

SOME NOTES ON
INSTRUMENT REPAIR

One of the responsibilities of a manu
facturer of precision electronic instru
ments is to provide facilities for repair
ing and maintaining his products. In a
sense this responsibiliry begins in the
development and design Stages of an
instrument's history for it is in this
stage that proper design will minimize
the need for later repair. Also at this
stage arrangemems which facilit;tte later
repair clln be made.

BoontOn Radio Corporation operates
a factory repair facility and also has
authorized repair of irs instruments by
competent groups operalt'd by its Rep'
resentatives throughout this COllllcry and
Canada. When your instrumem requires
repair, contact the office nearest to you,
includ<:d in the list on the back page of
tit is issue.

\X'hcn your instrument is to be re
rurnt."<! to th" facrory for service the fol
lowing seeps will exp,:dite the repair.
1. State as completely as possible both

on an instrument rag as well as on
your order the namre of the prob
lem which you have experienct..,J.
Too much information is far better

(2 )
5

4.4'5 C. t
K=

meters

= 2.28 for the sample tesled.
If Sand t are measured in cenu-

Use of the Hartshorne Holder
Specimens of suitable size and thick

ness can be mount'ed in a Hartshorne
rype holder and measured in thrl'e ways:

I. "Resonant Circuit, Resonance Rise
Melhoo": This is similar to the tech·
nique shown above but refined to the
extent of mounring the specimen in a
Hartshorne Sp(-'cimen Holder.

2. "Variable Susceptance Method
with Air Gap": Here the specimen is
mounted in a Hartshorne Holder and

(C, - C,,) Q1Q"

93.6 X 3.8

(C1 - C,,) QIQ"

C1 (DeltaQ)

11.3C.t

Where:
C~ = Sample capacity = C I -C"

(from above-)
t = average thickness of material in

inches
S = area of active dielectric material

betwt."en elecuodes in square inches
Using the values determinlod above,

the dielectric constant of the s.'1mple is:

4.4'5 X 20.48 X _077

K
5

20.48 X 235.8 X 232

356 X ro'

1.12 X 10'

.000318 dissipation faeror,

It might be wonh noting [hat as the
insulating properties of the matcrials
u:stcd become better, the quantity
(QI - Q,,), called "Delta Q", becomes
smaller to the extent that the use of [he
"'Delta Q" scale, incorporated in both
the 19Q·A and 26o-A Q Meters, be
comcs mandatOry.

Dielectric Constant
TIle dicle(tric constant, K, can be

found from

vernier condenser; Wtal = 93.6
Q, = Q" + "Delta Q" =

232 + 3.8 = 235.8
Computotions:

C, (QI - Q~)

D = -----''------'----

(I)

-0'
I

SA,MPLE RETA,INING CLIP

Figure 2, Details of dieleclric test
fidures for Type 160-A and 260-A
Q MeIers.

With Sample Attached:
C" = 73.0 main condenser, and 0.12

for vernier condenser; total = i'3.12/-LiLf
Q" = 232
'"Delta Q" set at 2'5

Remove Sample:
"Delra Q" reading = 21,2
.6.Q=2'5-21.2 =3.8
(I = 93 main condcnser and 0.6 for

C, (Q, - Q~)

o = --=-----':---c-'-:
((I - C"l QI Q"

And of course Q, = Q~ + "Delta Q"
when the "Della Q" scale is used.

Examination of the above formula
emphasizes the importance of determin·
ing the (Q, - Q~) or "Oclta Q" term
as accurately as possible, since the meas
urement accuracy is in the same order
liS the determination accuracy of this
cerrn.

11----:~,I

•
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than too little. If the problem is 
intermittent in nature be very speci- 
fic. W e  sometimes have instruments 
with this type of trouble which re- 
fuse to misbehave for us. 
State on your order whether we may 
proceed and bill you in accordance 
with our standard pricing system or 
whether you require that we secure 
your approval of the price before 
proceeding. The price will be the 
same in both cases but delay in de- 
livery will be minimized by your 
permission to proceed in accordance 
with our standard system. Your ac- 
knowledgement copy of the order 
will always show the price. 
Return the complete instrument even 
though you may think that some 
portion is not at fault. Some of our 
Signal Generators consist of two 
units (the power supply and signal 
generator) ; send both. 
If you have made a change in your 
instrument and want the instrument 
back in the same form tell us so. Our 
Inspection Department will always 

want to make your instrument stan- 
dard. 

Some of our instruments have been 
in production for several years and we 
have built up a reasonable amount of 
repair history. For these instruments we 
have established standard prices based 
on our average experience. These prices 
are based on the age and condition of 
the instrument. Thus all instruments in 
a given age bracket in average condi- 
tion for that age will be priced at one 
of our standard prices. These prices are 
studied and modified at the end of each 
year. This system saves you money and 
time since it avoids the necessity of a 
cost analysis on each individual repair. 

A good repair facility requires good 
communication between customer and 
factory. If you have justified abnormal 
requirements for quick return of your 
instrument let us know. W e  will do our 
very best to accommodate you. Ask only 
if you have a real need. If everybody 
asks we cannot improve our speed for 
anybody. 

Correction of low Q Reading 
On Q Meter Type 160-A 

SAMUEL WALTERS, E d i t o r ,  T h e  N o t e b o o k  
e Occasionally the mica plate which 

supports the measuring terminals on 
top of the Q Meter Type 160-A must 
be replaced because of surface contami- 
nation or cracking of the surface which 
breaks the moisture-proofing compound. 
The resultant rf leakage from the H I  
post measuring terminal to ground ef- 
fectively adds a shunt resistance across 
the circuit under test causing a low 
Indicated Q reading. SometiTes the 
rupture or contamination is not visually 
apparent although just as electrically de- 
fective as the obvious case. However, 
the mica terminal insulator should not 
as a matter of course be changed when 
abnormally low Indicated Q readings 
are observed since there are three other 
conditions that will cause shunt losses 
and excessive loading of the circuit un- 
der test. These other conditions are: 

1. Cracked mica internal resonating 
capacitor stator insulators ( in  later 
Q Meters pyrex glass was used 
which rarely causes trouble). 

2. D e f e c t i v e  Q v o l t m e t e r  t u b e  

3. Grid leak associated with 105-A 
(100 megohm resistor) in det- 
eriorated condition. 

Before proceeding to isolate the con- 
dition causing the shunt loss, one must 
first determine whether the low Q read- 

(105-A). 

L, 

ings are due to shunt losses or some 
other cause. This can quickly be de- 
termined with the use of the Q Standard 
Type 513-A”, a shielded reference in- 
ductor designed to maintain accurately 
calibrated and highly stable inductance 
and Q characteristics. Assuming shunt 
losses are indicated, we proceed to the 
next step: the isolation of the condition 
causing the shunt loss. 

I F R E Q 7  FFINCERS T H I  FREQ 

I LO (THE 

Figure 1 .  Bottom View: Binding post 
plate assembly - Q Meter Type 

Determination of Shunt Loss 
160-A. 

The procedure is as follows: 
a )  Position the Q Meter to be tested 

( Q  Meter A )  three inches ro the rear 
of another Type 1 6 0 - ~  Q Meter ( Q  
Meter B used as an indicating unit). 
Both Q Meters are to face the operator. 

b )  Connect a Type 103-A22 Inductor 
to the COIL terminals of Q Meter B. 
Interconnect the G N D  terminals of the 

two Q Meters by means of a 15 inch 
length of No. 18 stranded copper wire. 
Suspend a 17 inch length of No. 20 or 
No. 18 bare tinned copper wire (single 
strand) from the HI-COND terminal 
post of Q Meter B so that the free end 
of this lead points directly down toward, 
and is one inch removed from, the HI- 
COND terminal post of Q Meter A. 
This lead should be positioned as far as 
possible from other objects. 

c )  Apply ac power to W- 13 hfa+ers. 

Figure 2. Angle of alignment of 
wiper fingers. 

d )  Adjust Q Meter A for oscillator 
frequency of approximately 800 kc and 
a Multi-Q-By reading of approximately 
1.2. Adjust vtvm zero in usual manner 
and adjust capacitance dial to 30,upf. 

e )  Adjust Q Meter B to read the Q 
of the Type 103-A22 Inductor at tun- 
ing capacitance dial reading of 7 0 p p f  
and an oscillator frequency of approx- 
imately 1.13 mc so that the Indicated 
Q reading should fall between 221-235. 
Note the exact value of this reading 
as Q15. 

f )  Now interconnect the COND-HI 
terminal posts of the two Q Meters by 
inserting the tip of the suspended bare 
lead into the corresponding terminal 
hole of Q Meter A. Resonate Q Meter 
B by adjusting its capacitance dial. 
Note the new Q reading on Q Meter 
B as Qa. 

g )  If Q1 - Q2 = 14 or less the 
cause of faulty Q Meter “A” Q reading 
probably lies elsewhere than in the in- 
ternal Q measuring circuit. 

h )  If Q1 - Q2 exceeds 14 proceed 
as follows to more specifically locate 
the cause of excessive errors in Q read- 
ing. Turn ac power off Q Meter A. 
Disconnect grid connector clip from 
105-A tube grid cap in Q Meter A, 
allowing grid lead from Q-unit to hang 
in space. With the two Q Meters inter- 
connected as for reading Q2 (see ( f )  
above), but with the ac power still 
turned off Q Meter A, resonate Q Meter 
B by adjusting its capacitance dial. 
Note Q Meter B Q reading as Q:+. 

i )  If QR - Q2 exceeds 8, voltmeter 
tube 105-A should be replaced as de- 
fective. 

j )  If Q1 - Q:( exceeds 6, excessive 
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On Q Meter Type 160-A

SAMUEL WALTERS, Editor, The Notebook

THE NOTEBOOK

than tOO little. If the problem is
intermittent in nature be very speci
fic. We sometimes have instruments
with this type o[ trouble which re
fuse to misbehave [or us.

2. Stare on your order whether we may
proceed and bill you in accordance
with our standard pricing system or
whether you tequire dmt we secure
your approval of the price before
proceeding. The price will be the
same in both cases but delay in de
livery will be minimized by your
permission to proceed in accordance
with our standard sysrem. Your ac
knowledgement copy of the order
will always show the price.

3. Return the complete instrument even
though you may think that some
portion is nOt at fault. Some of our
Signal Generators consist of tWO
units (the power supply and signal
generator) j send both.

4. If you have made a change in your
instrumenr and want the instrument
back in the same form tell us so. Our
Inspection Department will always

Occasionally the mica plate which
suppons the measuring terminals on
top of the Q Meter Type 160-A must
be replaced because of surface contami
nation or cracking of rhe surface which
breaks the moisrure-proofing compound.
The resultant rf leakage from the HI
post measuring terminal to ground ef
fectively adds a shunt resistance across
the dralir under test causing a low
Indicated Q reading. Sometill)es the
rupture at contamimuion is not vistlally
apparent although JUSt as electrically de
fective :IS the obviolls case. However,
rhe mica rerrninal insulator should not
as a matter of course be changed when
abnormally low Indicated Q readings
are observe..:! since there are three other
conditions that will cause shunt losses
and excessive loading of the circuit un
der test. These Other conditions are:

1. Cracked mica internal resonating
capacitor stator insulators (in later
Q Merers pyrex glass was used
which rarely causes trouble).

2. Defective Q voltmeter tube
(105-A).

3. Grid leak associated with 105-A
(100 megohm tesistor) in det
eriorated condition.

Before proceeding to isolate the con
didon causing the shunt loss, one must
first determine whether the low Q read-

want to make your instrument stan
dard.

Some of our instruments have been
in production [or several years and we
have built up a reasonable amount of
repair hiscory. For these instruments we
have established standard prices based
on our average experience. These prices
are based on the age and condition of
the instrument. Thus all instruments in
a given age bracker in average condi
tion for that age will be priced at one
of our standard prices. These prices are
studied and modified at the end of each
year. This system S:Wt'S you money and
dme since ir avoids the necessity of a
cosr analysis on each individual repair.

A good repair facility requires good
communication between customer and
factory. If you have justified abnormal
requirements for quick rerum of your
insrrument Jet us know. We will do our
very best to accommodate you. Ask only
if you have a real need. If everybody
asks we cannot improve our speed for
anybody.

ings are due to shunt losses or some
other cause. This can quickly be de
termined with the use of the QStandard
Type 513-A·, a shicJded reference in
ductor designed to maintain ~\cc\lfatcJy

calibrated and highly stable inductance
and Q characteristics. Assuming shunt
losses are indicated, we proceed to the
next step: the isolation of the condition
causing the shunt loss.

Figure'. Bot'om View; Binding pos'
plate assembly - Q Meter Type
J60·A.

Determination of Shunt Loss
The procedure is as follows:

a) Position rhe Q Meter to be tested
(Q Meter A) three inches to the rear
of another Type t60-A Q Meter (Q
Merer B used as an indicating unit).
Both Q Meters arc to face the oper:1tor.

b) Connect a Type 103-A22 Inductor
to the COlL terminals of Q Meter B.
Interconnect the GND terminals of the

7

twO Q Meters by means of a 1) inch
length of No. 18 stranded copper wire.
Suspend a 17 inch length of No. 20 or
No. 18 bare tinned copper wire (single
strand) from the HI-COND terminal
post of Q Meter 8 so that the free cnd
of this lead points dire<:tly down toward,
and is one inch removed from, the HI
COND terminal post of Q Meter A.
This lead should be positioned as far as
possible from other objects.

c) Applyac power to both Q Meters.

Figure 2. Angle of alignment of
wiper fingers.

d) Adjust Q Meter A for oscillator
frequency of approximately 800 kc and
a Mulri-Q-By reading of approximarely
1.2. Adjust vtvm zero in usual manner
and adjust capacitance dial to 30 p.,.d.

e) Adjust Q Meter B to read the Q
of the Type W3-A22 Inductor at tun
ing capacitance dial reading of 70 p.p.t
and an oscillator frequency of approx
imately 1.13 mc so that the Indicated
Q reading should fall between 221-23).
Note the exact value of this reading
asQl§.

f) Now intetconnect rhe COND-Hl
rerminal postS of the tWO Q Meters by
inserring the rip of the suspended bare
lead inro the corresponding terminal
hole of Q Meter A. Resonate Q Meter
B by adjusting its capacitance dial.
Note the new Q reading on Q Meter
B as Q~.

g) If Ql - Q~ = 14 or less rhe
cause of faulty Q Meter "'A" Q reading
probably li.es elsewhete than in the in
rernal Q measuring circuir.

h) If Ql - Q~ exceeds 14 proceed
as follows to more specifically locate
the cause of excessive errors in Q read
ing. Turn ac power off Q Meter A.
Disconnect grid connectOr dip from
i05-A tube grid cap in Q Meter A,
allowing grid lead from Q-unit to hang
in space. \'>Vith the tWO Q Meters inter
connectd as for reading Q~ (see (f)
above), but with the ae power still
turned off Q Meter A, resonate Q Meter
B by adjusting its capacitance dial.
Note Q Meter B Q reading as Q".

i) If Q" - Q~ exceeds 8, voltmeter
tube I05-A should be replaced as de
fective.

j) If Ql - Q" exceeds 6, excessive
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Q-unit AQ is indicated. Correction usu- 
ally lies in replacement of binding post 
mica terminal insulator. In rare instances 
the trouble may lie occasionally in the Q 
capacitor stator insulators or in the 100 
megohm grid resistor; extension of the 
above procedure will quickly indict the 
faulty component. Both components 
have a A Q  of 2. 

Replacement of 
Mica Terminal Insulator 

The replacement of the mica terminal 
insulator is a relatively simple proce- 
dure. However, this procedure must be 
followed to avoid damage to the ther- 
mocouple and expedite the mica plate’s 
removal and replacement. 

1. Unscrew knurled knobs from gold 
plated binding posts. 

2. Remove thermocouple mounting 
screws. 

3. Unsolder thermocouple connecting 
strip from LO post using hot iron. 
(Prolonged heat will damage the 
0.04 ohm resistor in the thermo- 
couple. This is the main reason 
for removing knurled knob from 
binding post first). 

4. Remove fiducial, main Q and 
Vernier dials. 

5. Remove 2 top screws and 4 In- 
ternal Resonating Capacitor mount- 
ing screws located under dials. 
The Internal Resonating Capacitor 
can now be removed from the in- 
strument. Facing the front of this 
capacitor are two screws (on the 
upper left edge) that secure the 

top plate. Remove screws. Do not 
attempt to remove plate until the 
end flaps of the copper strap are 
unsoldered from their stator con- 
nections. Lift plate straight up SO 

that silver contactors will not be dis- 
turbed in their alignment. 

Place plate on its back with “con- 
tacts” sticking up. Use $”” wrench on 
the one nut securing mica to plate. Re- 
move nut and washer. After unsolder- 
ing copper strip, drop mica from plate. 

Leave plate in same position and in- 
sert new mica terminal insulator. It is 
important that the untinned binding 
post be used to secure the mica to the 
top plate. The remaining binding posts 
are tinned and should occupy the rela- 
tive positions shown in Figure 1. Solder 
copper strap across the two top posts 
that are pre-tinned for ease in doing 
this operation. At this point the ca- 
pacitor is ready for re-assembly by re- 
versing the foregoing procedure. 

Special care should be taken so that 
the six silver fingers are in good con- 
tact with the disc on the condenser 
rotor. An angle of 105 degrees must 
exist between front of condenser and 
top plate as illustrated in Figure 2. 

There is one precautiqn in this oper- 
ation: do not handle mica with fingers 
if possible. Use cotton gloves or 
tweezers. 
* See “ T h e  Q Standard - A New Reference  In- 

ductor for  Checking Q Meter  Performance “ b y  
Chi  Lung Kung and Jumes Wuchter ,  Sprzng 19S4, 
issue No. I .  of T h e  N o t e b o o k .  

5 I f  the  Q reading is above  o r  b e l o w  this range t h e  
limitr in described procediire d o  not upply .  How-  
ever,  the  general Procedure cun be used. 

NOTE FROM THE EDITOR 
On September 19, 1955, Boonton 

Radio Corporation became the 56th . 
recipient of the Bureau of Engineer- ‘L/ 
ing and Safety Award. Sponsored by 
the Department of Labor and Industry 
in cooperation with the New Jersey 
State Industrial Safety Committee, the 
Award was established some years ago 
as part of a statewide accident preven- 
tion program. 

Dr. George A. Downsbrough (right), 
president and general manager of 
Boonton Radio Corporation, shown ac- 
cepting Safety Award from C. George 
Kruger, deputy director, division of 
labor of the State of New Jersey. 

The goal of this year’s effort is a 
15 % reduction in industrial accidents. 

Boonton Radio Corporation was hon- 
ored on the basis of its “very enviable 
record” of having worked the period 
from December, 1952 through April, 
1955 with no lost time accidents and 
for its safety practices which produced 
this result. 
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Q-unit 6.Q is indican.J. Correction usu
ally lies in replacement of binding post
mica terminal insulator. In rare instances
lhe trouble may lie occasionally in the Q
capacitor Stator insulators or in the 100
megohm grid resistor; eXCCllsion of the
above procedure will quickly indict the
fauley componenc. Borh componems
have a 6.Q of 2.

Replocement of
Mico Terminol Insulator

The replacemem of the mica terminal
insulator is a relatively simple proc(:
dure. However, this procedure must be
followed to avoid damage to the lher
mocoupk and cxpeditc thc mien plalc's
removal and replacement.

1. Unscrew knurleJ knobs from gold
plated binding posts.

2. Remove thermocouple mouming
screws.

3. Unsolder thermocouple connecting
sttip ffOm to post using hot iron.
(Prolon.ged heat will damage the
0.04 ohm resistor in the thermo
couple. This is Ill{: main reason
for removing knurled knob from
binding post first).

4. Remove fiducial, main Q and
Vernier dials.

5. Remove 2 tap screws and 4 In
ternal Resonating Capacitor mount
ing screws located under dials.
The lmemal Resonating Capacitor
can now be removed from the in
strumem. Facing the from of this
capacitor are twO screws (on the
upper lefr edge) that secure the

top plate. Rt·move screws. Do not
attempt to remove pb.te umil the
end flaps of lhe copper strap arc
unsoldered from their smtor can
II(..:tions. Lift plate JI",igbl up 50

that silver contacrors will not be dis
turlx:d in their alignment.

Place plate on its back with "con
t;lctS·· sticking up. Use ~" wrench on
the one nut securing mirn to plate. Re·
move nut and washer. Afler unsolder
ing copper strip, drop mica from platc.

Leav(' plate in saine position and in·
sen new mica tetminal insulator. It is
imporrant that the untinned binding
post be used to secure the mica to rhe
top plate. TIle remaining binding posts
are tinned and should occupy the rela·
tive posicions shown in Figure I. Solder
copper scrap across the twO tOP POStS
that arc pre-tinned for ease in doing
this operadon. 1\1 lhis point the ca
pacitor is ready for re·assembly by re
versing the foregoing procedure.

Special care should be taken so that
the six silver fingers are in glXXi con
lact wilh the disc on the condenser
rotor. An angle of 105 degrees must
exiSt between from of condenser and
top plate as illustrated in Figure 2.

There is one precaution in this oper
ation: do not handle mica with fingers
if possible. Usc COlTon gloves or
tWeelers.
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NOTE FROM THE EDITOR
On September 19, 1955, Boonton

Radio Corporation OC"ClIme the 56th
recipiem of rhe Bureau of Engineer
ing and Safety Award. Sponsored by
the Departmem of Labor and Industry
in cooperation wilh the New Jersey
State Industrial Safety Commirtee, the
Award was established some years ago
as parr of a stalewide accident preven
tion program.

Dr. George A. Downsbrough (right),
president ond general manager of
Boonton Radio Corporation, shown ac
cepting Safety Aword from C. George
Kruger, deputy director, division of
'obor of the State of New Jersey.

The goal of this year's eHon is II

15 % reduction in indusrrial accidents.
BoontOtl Radio Corporation was hon

ored on the basis of its ··vety enviable
rcrord" of having worked the period
from December, 1952 through April,
1955 with no lost time accidents and
for its safety practices which produced
this result .
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Determination Of Metal Film Thickness 
A non-destructive electronic method applicable to combinations of 
coating and basis materials, at least one of which must be a conductor. 

The measurement of the thickness of 
thin films, of the order of lo-" inches 
or less, has always been one of the 
major problems for the coating industry, 
whether it be a question of metallic 
films on a metal basis (e.g., such as are 
produced by electroplating) ; or metallic 
films on an insulator; or an insulating 
film on a conducting carrier. 

There has been a deeply felt need 
for a reliable, rapid, simple, non-destruc- 
tive method for obtaining absolute or 
comparative thickness readings on the 
majority of film-basis combinations. 
Hitherto available methods lack one 01 
more of these desirable characteristics. 

Thickness measurements have been 
based on the following methods: 
mechanical, chemical, electrochemical, 
optical, X-ray and beta ray scattering; 
magnetic, electrical conductance, and last 
but not least, eddy-current properties. 

Description of Available Methods 
for Measuring Plating Thickness 

Mechanical: Mechanical methods in- 
volving the use of a micrometer or 
similar device are useful in a limited 
number of cases: the specimen is meas- 
ured at the identical spot before and 
after plating. Obviously, the shape of 
the specimen has to be suitable for such 
a measurement, and the thickness of the 
deposit has to be appreciable. 

The chemical, electrochemical and op- 
tical methods are definitely destructive. 

Chemical: The majority of the chemi- 
cal methods can be reduced to a de- 
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Figure 1 .  The author shown measuring plating thickness of a capacitor frame. 

termination of the weight of coating 
metal per unit area. They involve the 
following steps: measurement of area, 
stripping the plating w*ith a reagent 
that leaves the basis unaffected; direct 
determination of coating material lost 
through stripping by means of weigh- 
ing the specimen. before and after 
stripping, or a determination by appro- 
priate quantitative chemical analysis or 
colorimetry of the amount of coating 
material gone into solution. For rough 
checks, the dropping method can be 
used in certain cases: a prescribed 
stripping reagent is made to drip under 
controlled conditions on the piece to be 
tested, and the time noted until the basis 
becomes exposed. 

Ektrochemical: Electrochemical plat- 
ing fhickness measurement is actually a 
deplping operation of a known area. 
The number of coulombs (amperesec- 
onds) required to expose the basis metal 
is a measure of the amount of material 
removed, as stated by Faraday's electro- 
chemical law. The sharp change in de- 
plating cell voltage that occurs when 
the basis metal is introduced into the 
electrolyte is used as an indicator. 

Optical: For optical methods the 
specimen is mounted in a clamp or pro- 

tective medium (usually a thermosetting 
plastic), sliced accurately, the cut pol- 
ished, etched and measured either under 
a microscope ok projected at known 
magnification. 

X-ray and Beta ray: X-ray and beta 
ray techniques require quite elaborate 
instrumentation. Neither of these two 
methods is necessarily destructive for 
the specimen to be measured. 

The following methods are all non- 
destructive, and should properly be called 
comparators, since none of them is 
capable of yielding an absolute measure- 
ment without recourse to precalibrated 
standards. Likewise, they are sensitive 
to the geometry of the specimen. 

Magnetic: The magnetic methods 
obviously are limited to combinations 
where at least one of the components, 
either the basis or the coating, is fer- 
romagnetic (e.g., steel, iron, nickel). 
Generally, they are based on measuring 
the force necessary to pull a small mag- 
net off the specimen. In the case of a 
non-magnetic coating on steel or iron, 
this force decreases with increasing 
coating thickness. With nickel on a non- 
magnetic base, the force is the higher 
the thicker the plating. Readings de- 
pend on the smoothness and surface 
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The measurement of the thickness of
chin films, of the order of 1O~' inches
or less, has always been one of the
major problems for the coating industry,
whether it be a question of metallic
films on a metal basis (c.g., such as are
produced by electroplating) j or merallic
films on an insulator; or an insulating
film on a conducting carrier.

There has been a deeply felt n(!.xl
for a reliable, rapid, simple, non-descruc·
rive method for obtaining absolute or
comparative thickness readings on the
majority of film-basis combinarions.
Hitherto available methods lack one 0[

more of these desirnbJe charaCteristics.
Thickness measurements have been

based on the following methods:
mechanical, chemical, e1ecuochemical,
optical, X-ray and beta ray scattering;
magnetic, electrical conductance, and last
but nor least, eddy-current properties.

Description of Avoiloble Methods
for Meosuring Plating Thickness

Mechanical: Mechanical methods in-
volving the use of a micrometer or
similar device are useful in a limited
number of cases: the specimen is meas
ured at the identical spot before and
afrer plating. Obviously, the shape of
the specimen has to be suitable for such
a measurement, and the thickness of the
deposir has to be appreciable.

The chemical, electrochemical andop
tical methods are definitely destruCtive.

Chemical: The majority of the chemi
cal methods can be reduced to a de-
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termination of the weight of coating
metal per unit area. They involve the
following steps: measurement of area,
stripping the plating with a reagent
that leaves the basis unaffected; dircct
determination of coating material lost
through stripping by means of weigh
ing the specimen before and after
stripping, or a determination by appro
priate quantitative chemical analysis or
colorimetry of the amount of coating
material gone into solution. For rough
checks, the dropping method can be
used in certain cases: a prescribed
stripping reagent is made to drip under
controlled conditions on the piece to be
tested, and the time noted until the basis
becomes exposed.

Electrochemical: Electrochemical plat
ing thickness measurement is actually a
deplating operation of a known area.
The number of coulombs (amperesec
onds) required to expose the basis metal
is a measure of the amoullt of material
removed, as Stated by Faraday's electrO
chemical law. The sharp change in de
plating cell voltage that occurs when
the basis metal is introduced into the
e1ectroly[e is used as an indicator.

Optical: For optical methods the
specimen is mounted in a damp or pro-

tective medium (usually a thermosetting
plastic), sliced accurately, the cut pol
ished, etched and measured either under
a microscope or projected at known
magnification.

X-ray and Beta ray: X-tay and beta
ray rechniques require quite elaborate
instrumentation. Neither of these twO
methods is necessarily destrucrive for
the specimen to be measured.

The following methods are all non
destructive, and should properly be called
comparators, since none of them is
capable of yielding an absolute measure
ment without recourse to precalibrated
standards. Likewise, they are sensitive
to the geometry of the specimen.

Magnetic: The magnetic methods
obviously are limited to combinations
where at least one of the components.
either the basis or the coating, is fer
romagnetic (e.g., steel, iron, nickel).
Generally, they are based on measuring
the force necessary to pull a small mag
net off the specimen. In the case of a
non-magnetic coating on steel or iron,
this force decreases with increasing
coating thickness. With nickel on a non
magnetic base, rhe force is rhe higher
the thicker the plating. Readings de
pend on the smoothness and surface
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conditions of the coating, on the geome- 
try of the test piece, on magnetic prop- 
erties of the material, and local com- 
position of the material; also, the mag- 
netic properties of plated nickel vary 
widely with the plating process used. 

Electricdl Conductance: Instruments 
based on the direct measurement of the 
electrical conductance of the plated 
specimen are applicable only when the 
conductivities of the coating and basis 
materials differ appreciably. The probes 

FREQUENCY - 
Figure 2. Penetration depths (in 
inches, T) of the most common plat- 
ing materials. 

associated with this type of instrument 
require good electrical contact at  4 
points ( 2  for current injection, 2 for 
voltage pickup.) A hybrid method has 
also been used, utilizing a combination 
of thermal conductivity and generated 
thermoelectric voltage. 

Eddy-Current Method 

The method described below is the 
one employed in the instrument shown 
in Figure 1. 

When a conductor is brought into 
the field of a coil excited by an alter- 
nating current, eddy-currents are in- 
duced that circulate in closed loops in 
the conductor. - The eddy-currents gen- 
erate an electromagnetic field, which in 
turn induces an electromotive force in 
the exciting coil that tends to oppose the 
original current in it, thereby changing 
its impedance. The effect on the coil is 
equivalent to having introduced an addi- 
tional “reflected impedance” in the coil 
circuit. 

The amount by which the coil im- 
pedance changes depends on a number 
of factors: the electrical and magnetic 
properties of the conductor, its con- 
figuration, the coil-conductor spacing, 
the geometry of the coil, and the 
frequency. 

For the sake of simplicity, let us con- 
sider the case of a plane, infinite, 
homogeneous conductor close to the coil 
and normal to the coil axis. W e  observe 
the following phenomena: 

Bringing the coil closer to the con- 
ducting plane decreases the reactance 
and increases the effective resistance of 
the coil. The relative reduction of the 
reactance depends mainly on the ratio 
of coil diameter to the spacing from 
the conductor and is quite independent 
of the material of the conductor - pro- 
vided this is non-ferromagnetic. The 
increase in resistance, however, depends 
not only on the coil spacing, but also on 
the conductivity of the conductor. 

Keeping the coil spacing and con- 
ductor material constant, but varying 
the thickness of the conducting sheet, 
we notice that the reflected impedance 
of the coil follows the increase of the 
conductor thickness only up to a certain 
thickness, called the “penetration depth” 
beyond which eddy-currents do not ap- 
preciably penetrate into the metal. The 
penetration depth, T in inches, can be 
expressed as 

3.5 
T=- i* 

CU K- - .~ 

where: f = frequency in cycles/second 

= ratio of resistivity of con- 
ductor to that of copper, 

’ 
P cu 

p = permeability of conductor. 

Figure 2 illustrates the dependence of 
current penetration depths on frequency 
and conductivity for a variety of metals. 

Changes in thickness can be detected 
by observing the coil parameters only if 
the conductor is not thicker than T; 
after that its effect is the same as if it 
were infinitely thick. T is smaller for 
materials with high conductivity (low 
resistivity), ferromagnetic materials 
have very small penetration depths. 

In the case of conductive coatings on 
conductors, the reflected impedance de- 
pends on the conductivities of the basis 
and coating and the thickness of the 
coating, with the coil spacing and fre- 
quency being kept constant. The rela- 
tionships between reflected impedance 
and the properties of the composite con- 
ductor become quite complex, but it can 
be easily established, that 

1. Changes in coating thickness are 
detectable only if the thickness of 
the coating is not more than the 
penetration depth in it, approx- 
imately, and an appreciable por- 
tion of the total eddy-currents 
circulate in the basis metal. If the 
coating thickness is larger than the 
penetration depth, practically all 
eddy-currents are confined to the 
coating metal and variations of its 
thickness have negligible effect on 
the distribution of the eddy- 
currents. 

2. Combinations of the same basis 
material with coatings of different 
metals, but of the same thickness, 
result in different changes in re- 
flected impedance, referred to that 
on the bare basis. These changes 
are larger, if the coating and basis 
conductivities differ by a larger 
ratio, since a much larger fraction 
of the total eddy-currents is con- 
fined in the coating than in the 
case where both the coating and 
basis are very close in their con- 
ductivities. 

The foregoing discussion is appli- 
cable to magnetic materials as well, if 
we take into account that the “surface 
conductivity” is a function of permea- 
bility and frequency as well as bulk 

Having discussed the general prop- 
erties of eddy-currents, we find that 
they offer a possibility for measyring 
film thickness cd all three k i d s :  con- 
ducting films on conductors through 
detecting changes in current distribu- 
tion; conducting films on non-conduc- 
tors by variations in the total amount 

-J 

conductivity. d 

10 9 8 7 8 5 4 3 2 5 2 15 ,,,.,’-I 09-e 

+APPROXIMATELY I - 
W E I E C F  2 _.,.’‘ 3 5 

ABLE v‘ 
HIGH FAIR LOW$RECIOY ’LOWTAIR HIGH VERY HIGH 

EXPECTED 
SENSITIVITY ,.. 

0 9 1  15 2 ,25 3 4 5 6 7 8 9 l O + p  
7, 

AGNETIC 

4 
Figure 3.  Frequency parameter “A” 
and expected sensitivity as func- 
tions of basis and plating materials. 
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conditions of the coating, on the geome
try of the test pie<e, on magnetic prop
erties of the material, nnd local com
position of the material; also, the mag
ncric properries of plated nickel vary
widely with the plating proccss used..

Electrical Conductance: Instruments
based on the direct measurement of the
electrical conductance of the plated
specimen are applicable only when the
conductivities of the coating and basis
materials differ appre<:iably. The probes,

,
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figure 2. Penetration depths (in
inches, T) of the most common plat
ing materials.

associated with this type of instrument
require good electrical contact at 4
points (2 for current injection, 2 for
voltage pickup.) A hybrid method hns
also been used, utilizing a combination
of thermal conductivity and generated
thermoelectric voltage.

Eddy-Current Method

The method described below is the
one employed in the instrument shown
in Figure I.

When a conductor is brought into
the field of a coil excited by an alter
nating current, eddy-currenrs are in·
duced that circulate in closed loops in
the conductOr. _The eddy·currenrs gen·
erate an electrOmagnetic field, which in
turn induces an electromotive force in
the exciting coil that tends to oppose the
original CUffent in it. thereby Changing
its impedance, The effect on the coil is
equivalent to having introduced an addi·
tional "reflected impedance" in the coil
circuit.

The amount by which the coil im·
pedance changes depends on a number
of factors: the ele<:uical and magnetic
propenies of the conductor, its can·
figuration, the coil·conductOr spacing,
the geometry of the coil, and the
frequency.

For the sake of simplicity, let us con
sider the case of a plane, infinite,
homogeneous conductOr close to the coil
and normal to the COLI axis. We observe
the following phenomena:

Bringing the coil closer to the con·
ducring plane de<:reases the reactance
and increases rhe effective resistance of
the coil. The relative reduction of the
reactance depends mainly on the ratio
of coil diamcter to the spacing from
the conducwr and is quite independent
of the material of the conducwr - pro·
vided this is non.fcrromagnetic. The
increase in resistance, however, depends
nor only on the coil spacing, but also on
the conductivity of the conductor.

Keeping the coil spacing and can·
ductor material constant, but varying
the thickness of the conducting sheet,
we norice that the refle<:ted impedance
of the coil follows the increase of the
conductor thickness only up to a certain
thickness, called the "penetration depth"
beyond which eddy·currenrs do not ap
preciably penetrate into the metal. The
penetrarion depth, T in inches, can be
expressed. as

35 If
T = If V-;;:r-

C,
where: f = frequency in cycles/second

9 . f ... f-9 = ratIo 0 reslSUVlty 0 con·
CU ductor to that of copper,

p. = permeability of conductOr.

Figure 2 illustrates the dependence of
current penetration depths on frequency
and conductivity for a variety of metals.

Changes in thickness can be detened
by observing the coil parameters only if
the conductor is not thicker than T;
after that its effect is the samc as if it
were infinitely thick. T is smallet for
materials with high conducrivity (low
resistiv ity), ferromagnetic materials
have very small penetration depths.

In the casc of conductive coatings on
conducrors, the reflected impedance de
pends on the conducriviries of the basis
and coating and the thickness of the
coating, with the coil spacing and fre
quency being kept constant. The rela·
tionships between refle<:ted impedance
and the properties of the composite can
ducror become quite complex, but it can
be easily established, that

2

1. Changes in coating thickness are
dete<:table only if the thickness of
the coating is not more than the
penetration depth in it, approx·
imately, and an appreciable por·
tion of the rotal eddy-currents
circulate in the basis metal. If the
coaring thickness is larger than the
penetration depth, praCtically all
eddy·currents nrc confined to the
coating metal and variations of irs
thickness have negligible effect on
the distribution of the eddy
currenrs.

2. Combinations of the same basis
material with coatings of differenr
metals. but of the same thickness,
result in different changes in re·
fJe<:ted impedance, referred to that
on the bare basis. These changes
are larger, if the coating and basis
conductivities differ by a luger
r~l(io, since a much larger fraction
of the total eddy.currenrs is con·
fined in the coating than in the
case where both the coating and
basis are very close in their can·
ductivities.

The foregoing discussion is appli·
cable ro magnetic materials as well, if
we take into account that the "surface
conduCtivity" is a function of permea
bility and frequency as well as bulk
conductivity.

Having discussed the general prop·
erties of eddy.currents, we flOd that
they offer a possibility for measuring
film thickness of all three kinds: con
ducting films on conduCtors through
detecting changes in current distribu·
tion; conduCting films on non-conduc
tors by variations in the wral amount

Figure 3. Frequency parameter"An
and expected sensitivity as func
tions of basis and plating materials.
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of eddy-currents in a film thinner than 
the penetration depth; and non-conduct- 
ing films on sufficiently thick (more 
than the penetration depth) conductors 
by the increased spacing of the coil 
from the basis. W e  can also conclude 
that eddy-currents offer a means for 
sorting metals according to their con- 
ductivities. 

b’ 

straight line. “A’ is then found at the 
intersection of this straight line with 
the center line. This figure represents 
the desirable ratio between penetration 
depth in the coating metal and maxi- 
mum expected coating thickness. 

Let us assume it is desired to measure 
1 mil (10W inches) of silver plating 
on a yellow brass of average composi- 

Figure 4. Functional block diagram of the Metal Film Gauge, Type 255-A. 

Various techniques using the eddy- 
current principle have been used in the 
testing of materials, including measure- 
ments of film thickness. F. Forster in 
Germany, a pioneer in the field; Bren- 
ner and his associates at the National 
Bureau of Standards, and the Atomic 
Energy Commission are only a few who 
have made contributions in this field. 

Determination of Suitable Test 
Frequency, and Expected Measure- 

ment Sensitivity for Conducting 
Films on Various Basis Metals 

Irrespective of the kind of instrument 
to be used or the changes of probe im- 
pedance it responds to, the test fre- 
quency should be chosen accordingly to 
the thickness of the coating and compo- 
sition of the film-basis combination to 
be measured. Quite generally, a thinner 
coating requires use of a higher fre- 
quency. Also, coatings of lower con- 
ductivity should be measured at a some- 
what higher frequency than those of 
higher conductivity for comparable 
plating thickness on the same basis 
metal. 

These relationships can be visualized 
more easily if we study Figure 3,  a 
nomograph prepared in conjunction 
with Figure 2 for the choice of test fre- 
quency. A factor “A” for each combina- 
tion of the more common coating and 
basis metals is obtained by dropping 
perpendiculars from the boxes pertain- 
ing to the coating and basis metals to 
the appropriate base lines of the nomo- 
graph, and joining these points by a 

tion. For this combination, we find A 
is approximately 2. Consequently, we 
should choose a test frequency such that 
the penetration depth in silver will be 
of the order of 2 mils. From Figure 2, 
this is obtained at a frequency of 1.5 
mc. A frequency somewhat lower, e.g., 
500 kc, will increase the maximum 
measurable thickness, but some loss of 
sensitivity is to be expected on very 
thin coatings. A higher test frequency, 
e.g., 8 mc, will prevent us from measur- 
ing up to the full 1 mil thickness al- 
though we get better sensitivity on very 
thin platings. 

Considerations for the Design of an 
Eddy-Current Film Thickness Gauge 

The eddy-currents induced by the 
coil in the conductor circulate in the 
latter and diminish in amplitude as one 
goes deeper into the material, and also 
with distance from the coil along the 
surface. This decrease of the amplitude 
of the eddy-currents with distance from 
the coil determines the diameter of the 
coil which must not be more than about 
1/2 the smallest linear dimension of the 
surface to be measured 

Since variations of reflected imped- 
ance depend on the ratio of coil dia- 
meter to mean spacing from the con- 
ductor, the coil should be flat and very 
close to the specimen if sufficient sensi- 
tivity is to be obtained. 

In general, variations of the resistance 
component of the reflected impedance 
are characteristic of the conductors in 

the coil field, and we want this varia- 
tion to be as large as possible in rela- 
tion to the resistance of the coil proper 
for good sensitivity. Therefore, a high-Q 
coil is indicated. The sensitivity can be 
increased furthermore if the probe is 
made the inductance in a resonant cir- 
cuit operating at or near resonance. 

The spacing of the probe coil to the 
conductor (or their relative angular 
orientation, which is equivalent to a 
change of mean spacing) exerts a major 
influence on the reflected impedance. 
Therefore, means should be provided 
to guarantee that the spacing and orien- 
tation of the probe coil are always kept 
constant in use. 

Phase changes are less affected by 
slight variations in probe spacing and 
orientation and reasonable surface im- 
perfections (such as scratches, dirt, 
scale), than functions which also in- 
volve the magnitude of probe imped- 
ance. Phase changes are also relatively 
independent of voltage levels. 

A careful study of the coating-basis 
combinations commonly encountered in 
the plating art, an; the coating thick- 
nesses thereof, shows that 500 kc and 8 
mc are suitable test frequencies, which 
together provide a continuous range of 
thickness measurements of about 20: 1 
for any given combination of plating 
and basis material. 

Metal Film Gauge, Type 255-A 

Figure 1 shows the Metal Film Gauge 
Type 255-A which was designed to 
meet the requirements outlined above. 

Fundamentally, the instrument con- 
sists of an oscillator driving probe and 
reference phase circuits. The probe cir- 
cuit is made resonant at the oscillator 
frequency with the probe placed on the 
basis material. Both the probe signal 
and the reference signal are impressed, 
after suitable amplification and ampli- 
tude limiting, on the grids of a gated- 
beam phase detector tube. The plate 
current of the phase detector varies in 
accordance with the phase difference 
between the probe and reference sig- 
nals, and actuates the indicating meter. 
The meter has easily interchangeable 
scales which can give a direct reading 
on any plating-basis combination and 
obviate the need for separate calibra- 
tion curves. Two complete probe as- 
semblies go with the instrument, one 
for 500 kc and one for 8 mc. The probe 
coils are approximately v4 inch in di- 
ameter, making possible measurements 
on flat samples over X’’ across. 

A ’ more thorough understanding of 
the operation and design of the instru- 
ment can be obtained by referring to a 
functional block diagram, Figure 4, and 
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Figure 4_ Funclional bloclc diagram of the Metal Film Gauge, Type 255·A.

the coil field, and we want this varia
tion ro be as large as possible in rela·
tion to th~ resistance of th~ coil proper
for good ~itivity, Thert'fot~, a high.Q
coil i, indicated. Th~ sensitivity can be
increased furthermore if tht: probe is
made tht: indUct2nce in a resonant cir
cuit operating at or near resnnaoct:.

The spllcing of the probe coil to the
conductor (or their r~lative angular
orientation, which is equivalent to a
change of mean spacing) e.lf~ns a major
influence on tht: reflected impedaoct:.
Therefore. means should be provided
to guaramee thar the spacing and otien
tation of the probe coil are always kept
constant in use.

Phasc changes are less affected by
slight variations in probe spacing and
orientation and reasonable surface im
perfections (such as scratches, dirt,
scale), than funCtions which also in
volve the magnitude of probe imped
ance. Phase changes are also relatively
independent of voltage levels.

A careful study of the coating-basis
combinations commonly encountered in
tbe" plating art, a~ the coating thick
nesses therC'Of, shows that 500 kc and 8
me IllC suitable tCSt frequencies, which
togeth~r provide a continuous nnge of
thickness mea.sUIements of about 20: I
for any giv~n combil12tion of plaring
and basis material.

Metal Film Gauge, Type 2SS-A

Figuu I shows the Metal Film Gauge
Type 255-A which was designed to
meet the requirementS outlined abov~,

Fundamentally, the instrum~nt con
sists of an oscillaror driving probe and
reference phase circuits. 11le probC' cir
cuit is made resonant at the oscillator
frequenL1' with the probe placed on the
basis material. Both the probe signal
and the reference signal are impressed,
aher suitable amplification and ampli.
rude limiting, on the grids of a gated
beam phase dctector rube. The plat~

currem of the phase detector varies in
accordance: with the phase difference
~(Ween th~ probe and refert:nce sig
nals, and actuates the indicating merer.
The merer has easily inrerchangeable
scales which can gi ....e a direct readins
on any plating-basis combination and
obviate the need for separate calibra
tion curves, Two complete probe as·
$C'mhlies go with the instrument, one
for ~OO Ire and one fot 8 me.. The probe
coils are approximately \4 inch in di
ameter, making possible measurementS
on flat samples over Y2" across.

A more thorough understanding of
the operation and design of the instru
mcnt can be obtained by referring ro a
functional block diagram. Figure 4, and

suaight lin~. "A" is then found at the
imerseaion of thi, straight line: wit.h
the center line. This figure represents
the desirable ratio ~een penetration
d~pdt in the coating meaJ and rnn:i
mum e.lfpected coating thickness.

Let us assume it is desired (0 measure
I mil (10-" inches) of silvt:r plating
on a yellow brass of averagt: composi-

tion. For this combil12tion. w~ find A
is approximately 2. Consequently, we
should choose a test frequency such that
the penerr.nion depth in silver will be
of the order of 2 mils. From Figure 2,
this is obtained at a frequ~ncy of 1.5
me. A frequency somewhat lower, e.g.,
500 kc, will increase the maximum
measurable thickness, but some loss of
sensitivity is to hi:: expected on very
thin coatings. A higher t{'St frequency,
e.g., 8 me, will prevent us from measur
ing up ro th~ full I mil thickness al
though we get better $ensitivity on very
thin platings.

The eddy-currenrs induced by the
coil in the conductor circulate in the
Janer aDd diminish in amplitudt: as one
goes dttper imo the material, and also
with distance from th~ coil along the
surface. 1llis decrease of the amplitudt:
of the t':ddy-eurrents with distance from
(ht: coil determines th~ diameter of the
coil which must not be mor~ than about
Jh tht: smallcsr linear dimensioo of tht:
surface to be measured

Sino." variations of reflected imped
ance depend on the ntio of coil dia
meter to meIln spacing from the con
duCtor, the coil should be flat and very
close ro the specimen if sufficient sensi
tivity is to be obnined.

In general, variations of the resistance
componem of the reflected impedance
are characteristic of the conduCtors in

Considerations for the Oesign of an
Eddy.Current Film Thickness Gauge

of eddy<urrents in a film thinner than
t.h~ pen~fr.uion deprh; and non<ondud·
ing films on sufficiemly thick (more
than the peoerrafion depth) condudors
by th~ increased spacing of th~ coil
from t.h~ basis. We can also conclude
th.u eddy<urreflts offer a means for
soning menls according (0 their con·
ductivities.

Oeterminotion of Suitable Test
Frequency, and Expected Meolure

ment Sensitivity for Conducting
Films on Vorious Basis Metals

Various tt'dmiques using the eddy.
current principle have bet:n used in the
testing of materials, including measur~

ments of film thickness. F. Fomer in
Gt:rmany, a pioottr in the field; Bren
ner and his associates at the National
Bureau of Snmdar<1s, and the Atomic
Energy Commission are only a few who
hav~ mad~ contributions in this field.

Irrespective of the kind of instrumem
10 be used or the changes of probe im·
pedance it responds to, the rest fre·
quency should be chosen accordingly to
the thickness of the coating and compo'
sition of (ht: film·basis combination to
be measurm Quite generally, a thinner
cooting requires USt: of a high~r fr~

quency. Also, cootings of lower con
duclivity should be measured at a s0me

what higher frequency than those of
higher conductivity for comparabl~

plating thickness on th~ WIle basis
m.m.1.

These relationships can be visuali:ted
mor~ easily if we study Figur~ 3, a
nomognph prt:pared in conjuncrion
with Figure 2 foe the choiet: of test fre
quency. A fador MA" for each combil12
tion of the- more common cooting and
basis metals is obtained by dropping
perpendiculars from the boxes pmain
ing IO the coating and basis metals [0

the appropriate base lines of the nomo
graph, and joining these poims by a

r---- - -- --- - - - -----,
I !>OO KC/e ue II ,
I '
I • '
I, "I ..lId"
I osc - ....,1"1-
\,r" 'V I:
I~ Y~¥'dH'~."lf-t-I---'i'l'~~~:J';;;~I __, ~IJ(EI'l IN~~~'tF

: L..:.-±-'---'L J
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B O O N T O N  R A D I O  C O R P O R A T I O N  

v,,.,. = C0"Sf = v,, + v.: 
oscillator rank volrage 

V,,,, = cons, in phase with V,,",; 

1 -current rhrough C, coupling 

reference voltage 

capaciror and probe circuit. 

V,, - valrage across probe 
circuit. 

V, -voltage across coupling ca- 
pacitor C; lagging 
93' behind I 

? --phase angle of probe 
crrcuit. 

Q - phase angle between V,.,, 
and V,, 

0 = Q, - Q(, = change of 
phase angle between V,,., 
and V,, due to a change 
of rhe phase angle of the 
probe circw. ( 0 1s the angle 
by which conduction angle 
of phase derecror changes). 

Subscript (, - ar probe 
resonance. 9 ,, = 0 

Subscript 1 -with deruned 
probe. 

Figure 5. Vector diagram of the 
255-A probe circuit. 

the vector diagram of the probe cir- 
cuits, Figure 5. 

The test frequency, either 500 kc or 
8 mc, is generated in a crystal-con- 
trolled oscillator which can be switched 
to either of these frequencies. Since the 
limiting and phase detection circuits 
operate at 500 kc, a 7.5 mc heterodyne 
oscillator frequency is provided for mix- 
ing with the 8 mc signals from the 
high frequency probe and reference 
phase circuits when in use. 

The output of the oscillator is ap- 
plied across the series combination of a 
coupling capacitor and the probe cir- 
cuit which together effectively form a 
phase shifting network (Fig. 5 ) .  The 
probe is resonated by a variable air 
capacitor. A fraction of the total oscil- 
lator voltage, in phase with it, is used 
as the reference signal: With the probe 
resonated, there exists a certain phase 
difference $I between the probe and ref- 
erence signals which are fed to the grids 
of two identical limiter amplifier-mixer 
heptodes, whose plate circuits are tuned 
to 500 kc. On the 500 kc range, the 
heptodes function as straight amplifiers. 
However, on the higher frequency (8  
mc) range the heptodes are made to 
act as mixers and to yield 500 kc sig- 
nals in their outputs, transposing the 
phase difference $I from 8 mc to 
500 kc. 

The outputs of the heptode stages are 
impressed on the first and third grids of 
a gated beam limiter-phase detector 
cJbe, type 6BN6. The amplitudes of 
these grid signals have been made suf- 
ficiently high so as to cause saturation, 
thus making the phase derector quire 
insensitive to any changes in signal 
amplitudes. The average plate current 

is a linear function of the phase 
difference. 

The plate circuit of the 6BN6 is 
made part of a dc bridge containing 
facilities for bucking out the quiescent 
plate current (at  probe resonance), an 
overload meter protection circuit, a 
sensitivity control providing constant 
meter damping, and a full wave bridge 
rectifier, to make the meter reading 
unidirectional no matter how the basis 
and coating conductivities are related to 
each other. Full scale meter deflections, 
at full sensitivity of the instrument, cor- 
respond to phase angle changes of the 
order of 4". 

The sample cards carry a piece of 
the basis material and specimens of 
known plating thickness on this basis 
material together with the appropriately 
calibrated meter scale and are inserted 
in the holder in such a way that the cali- 
bration comes against the edge of the 
transparent meter case, thus making the 
instrument direct reading in thickness. 
The encapsulated probe coil is carried 
on a spring loaded plunger. 

Properties and Advantages of the 
Metal Film Gauge 

The 255-A is an instrument capable 
of detecting small differences in the 
surface conductivities of metals, or of 
small variations in the metal-to-probe 
spacing. It becomes a direct reading in- 
strument when standards of known 
thickness and composition are used for 
calibration. 

Since both the conductivity and 
permeability can show considerable var- 
iations, depending on the local compo- 
sition of the material, its heat treatment 
and previous history (work hardening, 
etc.) r x e  must be exercised that the 
calibrated standards really are repre- 
sentative of the material encountered in 
the subsequent measuring process. 

The absolute accuracies obtainable 
with the instrument depend on the ac- 
curacy with which the thicknesses of the 
standards are known. The instrument by 
itself is capable of distinguishing be- 
tween film thicknesses differing only 
by a few percent of the thickness cor- 
responding to full scale, when used at 
the correct frequency. 

To use the instrument for absolute 
thickness measurements at least two 
identical sets of standards of at least 
three thicknesses should be made up. 
One of the standard sets is measured by 
some other means for the actual plating 
thickness, and the other mounted on a 
sample card together with a piece of 
bare basis metal. All the standard 
samples are measured in succession at 

the appropriate frequency and the cor- 
responding readings on the 0-100" scale 
plotted on graph paper as a function of 
film thickness. After drawing a smooth 
curve through the four points (three 
readings and zero), a calibration curve 
is obtained. This curve can be trans- 
ferred to the sample card and is used to 
measure the thickness of work pieces 
having the same materials and falling 
within the thickness range of the cali- 
bration. The calibrating and measuring 
techniques described above are in princi- 
ple applicable to all three kinds of film 
basis combinations. 

Moderate amounts of curvature and 
slight differences in basis conductivities 
of the specimen can be compensated by 
a modified operating technique. 

In addition to film thickness determi- 
nations, the instrument can be used for 
sorting materials according to their con- 
ductivities. The main balancing ("Set 
Basis") control can be calibrated di- 
rectly in conductivities, and the instru- 
ment used as a null device. 

In measuring film combinations in- 
volving at least one ferromagnetic com- 
ponent, the instrument readings can 
under certain conditions become am- 

."- 

biguous, but this ambi,guity can be 
eliminated by a proper choice of fre - 
quency. 
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Figure 6. Typical samples of cali- 
bration curves. 
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Figure 5. Vector diagram of 'he
255-A probe circui,.

the vector diagrnm of the probe cir
cuits, Figure 5.

The test fre<:Juency, either 500 kc or
S mc, is generat<."<! in :l crystal-con
uolJe<1 oscil!ilror which can be switched
to either of d'u'se fre<:Juencies. Since the
limiting and phase dCtlxtion circuits
opcrnle ar 500 ke, a 7.5 me heterodyne
oscillator frequency is provided for mix
ing wilh the 8 mc signals from the
high frequency probe and reference
phase circuits when in use.

The OUtput of the oscillator is ap
plied aeross the series combination of a
coupling capacitor and the probe cir
cuit which tOgelher effectively form il
phase shifting network (Fig. 5). TIle
probe is resonated by a variable air
capacitOr. A franion of the tOtal oscil
latOr voltage, in phase wieh it, is used
as the reference signal: W i(h (he probe
resonate<!, there exists a ce{{ain phase
diffcrcnce rP between the probe and ref·
erence signals which are fed to the grids
of twO identical limieer amplifier-mixer
heptooes, whose plate circuits are tuned
to 500 kc. On the 500 kc range, chI'
hcprodes function as straight amplifiers.
However, on the higher frequency (8
me) range the heptooes arc made to
act as mixers and to yield 500 kc sig
nals in eheir oueputs, transposing the
phase difference rp from 8 mc to
500 kc.

TIle omputs of the heplooe slages are
impressed on the first and rhird grids of
a gated beam limiter-phase deteCtor
~Jbe, type GBNG. The amplitudes of
these grid signals have been made suf
ficiently high so as to cause saruration,
rhus making the phase detector quite
insensitive to any changes in signal
amplitudes. The average plate current

is a linear function of the phase
diffetence.

The plate circuit of the 6BNG is
made part of a dc bridge containing
facilities for bucking our the quiescem
plate current (at probe resonance), an
overload meter prorenion circuit, a
sensitivity control providing consrant
meter damping, :Lnd a full wave bridge
rectificer, to make the meter reading
unidirectional no matter how the basis
and coating conductivities are related to
each other. Full scale meter defleCtions,
at full sensitiviry of the instrument, cor
reSpOnd CO phase angle changes of the
order of 4°.

The sample cards carry a piece of
the basis material and specimens of
known plating thickness on this basis
material together with the apptopriately
calibrated meter scale and are inserted
in the holder in such a way that the cali
bration comes against the edge of the
transparent meter case, thus making the
instrument direct reading in thickness.
TIle encapsulated probe coil is carried
on a spring loaded plunger.

Properties and Advantages of the
Metol Film GCOJge

The 255-A is an instrument capable
of detecting small differences in the
suthce conductivities of metals, or of
smalJ variations in the metal-co-probe
spacing. It becomes a dirC(;t reading in
strument when standards of known
thickness and composition are used lor
calibration.

Since both the conducrivity and
permeability can show considerable var
iations, depending on the local compo
sition of the material, its heat treatment
and previous history (work hardening,
etc.) r Jre mUM be exercised that lhe
calibrated standards really are repre
sentative of the material encountered in
the subsC<Juent measuring process.

The absolute accuracies obtainable
with the insrrumenr depend on the ac
curacy with which the thicknesses of the
standards arc known. The instrument by
itself is capable of distinguishing be
tween film thicknesses differing only
by a few percent of the thickness cor
responding to full scale, when used at
the correct frC<Juency.

To use the instrument for absolure
thickness measurementS at leaSt tWO
identical sets of standards of at least
three thicknesses should be made up.
One of the standard sets is measured by
some other means for the actual plating
thickness, and the other mounted on a
sample card together with a piece of
bare basis metal. All the standard
samples are measured in succession at
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the appropriate frequency and ehe cor
responding readings on the 0_100° scale
ploned on graph paper as a function of
film thickness. After drawing a smooth
curve through the four points (three
readings and zero), a calibration curve
is obtained. TIlis curve can be trans
ferred to the sample card and is used ro
measure the lhickness of work pieces
having thc same materials and falling
within the thickness rnnge of the cali
brntion. The calibrating and measuring
techniques described above arc in princi
piI' applicable to all three kinds of film
basis combinations.

Moderate amotll1CS of curvature and
slight differences in basis conductivities
of the specimen can be compenSated by
a modified operating (edllli<Jue.

In addition to film thickness determi
nations, the insrrumenl can be used for
sorting materials according to their con
ducrivities. The main balancing ("Set
Basis") comrol can be calibrated di
rectly in conductivities. and the instru
ment used as a null device.

In measuring film combinations in
volving at least one ferrOm:lgnetiC com
ponent, the instrument readings can
under certain conditions become am
biguous, hilt this ambiguity can be
eliminated by a proper choice of fre _
quency.

Figure 6. Typical samples of cali·
hrotion curves.
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instruments); s(:mi-conduCfor teSt (-quip
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where he subsequently taught and did
additional post graduate work in physics.
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A Method Of Measuring Frequency Deviation 
JAMES E .  WACHTER, P r o j e c t  E n g i n e e r  

There are in use today several meth- 
ods of measuring the ffequency devia- 
tion of a frequency modulated signal. 
Most of these methods require the use 
of specialized equipment such as linear 
FM detectors and panoramic frequency 
analyzers. However, there is one meth- 
od which, although not the least time 
consuming, is both straight forward and 
accurate, requiring the use of commonly 
available laboratory equipment. This 
method is known by various names, 
probably the most used of which is 
“The Bessel Zero Method’. As this 
name implies, it is related to the Bessel 
functions, the zero-order Bessel func- 
tion JO in particular. The fact that the 
zero-order function passes through zero 
amplitude at certain points, which cor- 
respond to discrete modulation indices, 
forms the useful basis for the method. 

The equation of a sinusoidal signal 
can be expresed as 

e = A, cos (wct +0) (1) 

where A, is the maximum amplitude of 
the carrier and wc is the angular fre- 
quency of the carrier. With a sinusoidal 
modulating signal and assuming 0 = 0, 
a frequency modulated signal can then 
be expressed as 

Awc 
e=A,cos  (wet+- sin onit) 

w m  

(2)  

where wm is the angular frequency of 
the modulating signal and Amc is the 
peak angular frequency deviation of the 
carrier. 

- - - = B = modulation index. 

( 3 )  

Am, Af, 
- 

wni fm 

Expanding equation 2 results in 
e = A, [cos wet cos (B sin wnlt) 
- sin wet sin (B  sin w,t ) 1. 

( 4 )  
It can be shown that 

cos (B  sin w ,lit) = Jo (B)  + ~ J z  (B) COS 20111t ( 5 )  
4-2 J4 (B)  C O S ~ W ~ ~ , ~ $ . . . .  

and 

sin (B  sin w,t) = 2J1 ( B )  sin w,,,t 
+ 2 J 3  (B)  s in3wmt+ ...... 

( 6 )  

Figure 1 .  The author checking the 
frequency deviation of the Signal 
Generator, Type 202-6. 

where the coefficients J1, ( B )  are Bes- 
sel functions of B. On substituting 
equations 5 and 6 in equation 4 there 
results 

e = A, [Jo (B)  cos w,t + J1 (B) COS (wc + wm)t 
- JI (B) COS ( w c - ~ m ) t  + J2 (B)  COS (wc + 2w111)t 

+ Jz (B)  COS (oc -2wm) t+  . . . . . I  

( 7 )  

which is the expression for sideband 
frequencies of a frequency modulated 
signal. It will be noted that there are 
possible ail infinite number of side- 
band frequencies and that each side- 
band is spaced from the carrier by 
integral multiples of the modulating 
frequency. Also, it may be seen that the 
amplitude of the carrier decreases from 
a value of unity in the unmodulated 
condition to Jo (B) ,  which is zero for 
some values of B, during modulation. 
A graphical representation of equation 
7 for B = 25 is given in Figure 2. 

In employing the Bessel zero method, 
a heterodyne type receiver is tuned to 
the unmodulated carrier frequency of 
the source to be tested so that a beat 
frequency of some several hundred 
cycles is obtained, which can be moni- 
tored with earphones or a voltmeter. If 
some loss in measurement sensitivity 
ran be tolerated, a crystal frequency 
calibrator may be substituted for the re- 
ceiver, providing that the carrier fre- 
quency of the source is a harmonic 
multiple of the calibracor frequency. As 
a carrier is frequency modulated by a 
single frequency, the beat frequency 
will be observed to disappear at several 
points as the amplitude of the modu- 

lating signal is increased. As previously 
stated, these null points correspond to 
specific modulation indices, the first 
five of which are: 

2.4048 
5.5201 
8.6537 

11.7915 
14.9309 

These five points are graphically i h -  
strated by the curve of the zero-order 
Bessel function in Figure 3. The modu- 
lation index being the ratio of fre- 
quency deviation to modulating fre- 
quency (equation 3 ) ,  it becomes ap- 
parent that knowing the indices at 
which the carrier is zero and knowing 
the modulating frequency, the fre- 
quency deviation at each carrier zero is 
readily determined. 

As an illustration, let us take a value 
of 10,000 cps for the modulating fre- 
quency. As the amplitude of the modu- 
lating signal is increased, nulls will be 
obtained at the deviation frequencies of 
24.1, 55.2, 86.5, 117.9 and 149.3 kc. 

It is well to bear in mind that in 
order to perform this test with any de- 
gree of success, it is necessary that the 
modulating frequency be considerably 
greater than the beat frequency being 
monitored. This is so because the side- 
bands of a frequency modulated signal 
are spaced at intervals equal to the 
modulating frequency (see figure 1 ) . If 
such is not the case and the ratio of 
modulating frequency to beat frequency 
is, for an extreme case, only of the order 
of 2 to 1, the possibility exists of beat- 
ing with the first side-band frequency 
rather than the carrier. If unknown to 
the operator this will produce errone- 
ous results, since the side-bands, like 
the carrier, pass through points of zero 
amplitude at particular modulation in- 
dices (see Figure 3 ). 

The accuracy to be expected from 
this method is dependent upon the ac- 
curacy of the modulating frequency and 
how well the nulls can be defined. For 
example, let us assign a value of 20.5% 
as the accuracy of the modulating fre- 
quency. Holding the modulation index 
constant, this 20.5% is applied directly 
to the frequency deviation. Further, let 
us assume that the sensitivity of our 
system is such that the smallest ampli- 
tude beat-frequency we can detect is 
40 db below the beat-frequency signal 
due to the unmodulated carrier. Because 
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wm
(2)

(3 )

laring signal is increased. As previously
Stated. these null poinu correspond to
specific modulation indices, the first
five of which lire:

2.4048
5.5201
8.6537

1\.7915
14.9309

These five poims are graphically illu
Strated by the curve of the zero·order
Bessel function in Figure 3. The modu
lation index being rhe ratio of fre·
quency deviation ro modulating fre
quency (equation 3), it becomes ap
parem that knowing the indices at
which the carrier is zero and knowing
the modulating frequency, Ihe fre
quency deviation It each carrier zero is
readily determined.

As an illustration, let us rake a \'alue
of 10,000 cps for the modulating fre_
quency. As lhe amplitude of rhe modu
lating signal is incrosed. nulls will be
obtained lit the devlation frequencies of
24.1,5'5.2,86.5. 117.9 and 149.3 kc.

It is weU 10 bear in mind that in
ordel to perform this test with any de·
gree of success. it is necessa.ry that the
modulating frequency be considerably
greater th:m the beat frequency being
monitOred. This is so because the side·
b.1nds of a frequency modulated signal
arc spaced at intervals equal to the
modulating frequency (see figure 1). If
such is nOt the case and the ratio of
modlliatins frequency ro beat frequcncy
is, for an extreme case, only of the order
of 2 to I, the possibility exists of beat
ing with the (irst side-band frequency
rathcr than the carrier. If unknown to
the operatOr this will produce errone
OUS results, since the side'bands, like
the carrier, pass Ihrough poims of zero
amplitude al particular modulation in·
dices (scc-Figure 3).

The accuracy to be expected from
this method is dependent upon the ac
curacy of the modulating frequency and
how well [he: nulls can be defined. For
enmple, let us assign a value of ±O.5~
as ttl(" accuracy of the modulating fre
quency. Holding the modulation index
consant, this :=0.5% is applied directly
10 the frequeocy deviation. Funher, let
us assume thllt the sensitivity of our
sySlem is such that the smallest ampli
tude heal.frequency we can detect is
40 db below the beat-frequency signal
due to the unmooul:noo carrier. Because

where the coefficients JM (B) are Bes·
sel functions of 8, On subS(iruting
equations 5 and 6 in equation 4 there
resulu

Figure ,. The outhor checking the
frequency deviotion of the Signal
Generator, Type 202-8.

e = A., Uo (8) cos w,..r

+ JI (8) COS (w~ + w.)[ (7)
-JI (8) cos (w~-w.)t
+ J2 (8) cos (w~ + 2w.)t

+ h (8) cos (w~-2w.)r + .....]
which is the expression for side1»nd
frequencies of a frequency modulated
signal It will be noted that there are
possible au infinite number of side
band frequencies and that each side
band is spaced from the carrier by
integral multiples of the modulating
frCCJuency, Also, it may be seen that the
amplirude of the carrier decreases from
a value of unity in the unmooulaced
condition to Jo (B), which is zero for
some values of B, during modulation.
A graphical reprcsemation of equation
7 for B = 25 is given in Figure 2.

In employing the Bessel zero method,
a heterody~ type recei\'er is runed [0

the unmodulated carrier frequency of
the source to be tested so th:u a bear
frequency of some several hundred
cydes is obr:tiocd. which can be moni
tored with ear~ or a voltmefet. If
some loss in measurement SC'nsitivity
':an be tolerated, a aysral frequency
calibrator may be substituted for lhe re
ceiver, providing lhat the carrier fre
quency of the source is a harmonic
multiple of the calibra~or frequency. As
a carrier is frequency modulated by a
single frequency, the heat frequency
will be observed 10 disappear at several
poims as the amplitude of the moou-

(')

0)

(6)

(8 sin W",I) = 2Jl (8) sin
+ 2Ja (B) sin 3w...t + ......

Expanding equation 2 resulu in
e = At! {cos w,..t cos (8 sin w.t)

-sin w.,!: sin (8sinW:.t)].

where W", is the angular frequency of
the modulncing signal and lI.wo is che
pe:tk angular frequency deviation of the
carrier.

lI.w.. lI.f~

--= -- = B = modulation index.
w. f..

aw,
e = A.cos (wot + ---sin W,nt)

It can be shown that'

cos (Bsinw.t) =J.. (8)
+ 2h (8) cos 2w.t

+2JI(8)cos4w...t+ ....

There are in use loday severnl rrK'(h
ods of measuring lhe frequency devia·
lion of a frequency mOdulated signal.
Most of these methods require the use
of specialized equipment such as linear
FM deteCtors and panoramic frequency
analylers. However, there is one meth
od which, although not the least time
consuming, is both straight forward and
aCCUfltte, requiring the use of commonly
available laboratory CCJuipmem. This
method is known by various names.
probably the most used of which is
"The Bessel Zero Method". As this
n.1me implies, it is related 10 Ihe Bessel
funCtions. rhe zero-order Bessel func·
lion In in particular. The fact that Ihe
zero-order function passes through zero
amplirude at cerrain poinu, which cor·
respond to discrete modulation indices,
forms the useful basis for the method.

The equation of a sinusoidal signal
can be expresed as

e=A.,cos (W,.l +6) (I)

where A~ is Ihe maximum amplitude of
the carrier and cu.. is {he angular fre
quency of Ihe carrier. With a sinusoidal
modulaling signal and assuming 8 = 0,
a frequency modubted signal can then
be expressed as

sin

5
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the receiver signal amplitude remains 
constant, the amplitude of the beat fre- 
quency varies directly as the amplitude 
of the carrier frequency of the source 
under test. If we arbitgarily assign a 
value of 1 to the amplitude of the beat- 
frequency due to the unmodulated car- 
rier, we may interpolate directly from a 
table of zero-order Bessel functions to 
determine the definition of the nulls. 
Now, 40 db below 1 is 0.01, which we 

-0.31 (4 

first kind. 
can locate in the table in the vicinity of 
the first zero point. If what we believe 
to be 0 is actually 0.01, then the modu- 
lation index we obtain is approximately 
2.38 instead of 2.4048, or an error of 
about 1.0%, which if the Bessel curve 
is assumed linear in the vicinity of zero, 
is possible on either side of zero, or 

Figure 2. Bessel functions and fre- -+1.0%. For this case, if we hold the 
quency spectrum for f, = 4 kc and modulating frequency constant, this 
AfC = 100 kc. * error too is applied directly to the devia- 

tion frequency. Taking both errors into 
account, for this example the maxi- 
mum possible error in determining the 
deviation frequency at a modulation in- 
dex of 2.4048 is -+l.5%. Because the 
slope of the zero-order Bessel curve de- 
creases as it passes through zero at 
higher modulation indices, the maxi- 
mum possible error in determining fre- 
quency deviation will increase slightly 
with higher modulation indices. 
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RF Calibration of the 
Sweep Signal Generator Type 240-A 

SAMUEL WALTERS, E d i t o r ,  T h e  N o t e b o o k  

It sometimes becomes necessary to re- 
calibrate the rf circuit of this generator 
because of changes in frequency de- 
termining components, tube aging, etc. 
These changes will normally cause a 
frequency variation of no more than 2 
or 3%. Changes larger than this usually 
indicate serious circuit problems which 
re-calibration will not overcome. 

The parameter most likely to affect 
the frequency stability is the dc reactor 
biasing current which is an integral part 
of the saturable reactor method used in 
this instrument for generating a sweep 
frequency.* This method has many ad- 
vantages such as a wide sweep range, 
good stability and accuracy, inherently 
non-microphonic operation and a linear 
sweep. However, it introduces another 
variable into the oscillator circuit be- 
sides the conventional L & C: a speciilly 
shaped saw-toothed current that drives 
each of the five saturable reactors (one 
for each range). The saw-toothed cur- 
rent is super-imposed in the sweep 
condition on the dc reactor current, 
which provides the proper inductance 
at the center frequency. This dc current 
may change in value should some fre- 
quency determining component in the 

power supply through aging or some 
other reason change its value, thus af- 
fecting the frequency. 

Discussion Of Marker System Used 
In Calibration 

The 240-A has a self-contained means 
of calibration through the use of a zero 
beat type marker system. As shown in 
Figure 1, a harmonics generator pro- 
duces a set of crystal-controlled refer- 
ence frequencies. A front panel control 
permits the choice of harmonically re- 
lated reference frequencies at the funda- 
mental frequencies of 2.5 mc, 0.5 mc 
or 0.1 mc. The rf sample output in cw 
or sweep condition heterodynes with 
the related frequencies in a mixer stage 
to produce audio frequency beat notes 
or “birdies”, as they are sometimes 
called. 

The table below designates the vari- 
able resistors which control the reactor 
bias current and thus the cw and center 
sweep frequencies for each range. All 
of the variable resistors are located in a 
circle around the switch at the front 
right hand corner of the sweep chassis 
(see Figure 2 ) . In all cases turning the 

resistor element in a clockwise direction 
causes the frequency to increase. 

Freq. Res. Res. 
Range (CW (Sweep 
(MC) Operation) Operation) 

4.5 to 9.0 R 540 R 533 
9.0 to 18.0 R 538 R 531 

18.0to 35.0 R 537 R 527 
35.0to 75.0 R 535 R 526 
75.0 to 120.0 R 534 R 525 

Recal ibration Procedure 
A. Sweep Operation Adjustment 

1. Connect the Sweep O u t  terminal 
posts to the horizontal input of an 
oscilloscope. 

2.  Connect shielded cable from the 
Composite Signal O u t  BNC jack to 
the vertical input of the oscilloscope. 
No rf detector is required. 

3. Turn the Crystal Marker switch to the 
2.5 mcs position. 

4. Turn the C W - S w e e p  switch to 
Sweep. 

5. To avoid any error caused by scope 
non-linearity, turn the scope hori- 
zontal gain all the way down. Center 
the resulting vertical line on the 
scope face, this point will mark the 
position on the scope of the center 
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tilt" receiver signal amplitude remains
eonstam, the amplimdc of the !:>cat fre
quency varics din.-ctly as the amplirude
of the carrier frequency of the source
lInder test. If we arbiqarily assign a
value of I to the amplitude of the beat~

frt'<juency due to the urunodulared car
rier, we may interpolate directly from a
rable of zero-order Bessel functions' to
determine the definition of the nulls.
Now, 40 db below I is 0.01, which we
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Figure 2. Bessel functions and fre
quency spectrum lor I.. = 4 Icc Clnd
8f< = 100 let.'

Figure 3. Bessel functions 01 the
lirst Icind.
can locate in the table in the vicinity of
the firsr zero point. If what we believe
to be 0 is actually 0.01, then the modu
lation index we obtain is approximately
2.38 instead of 2.4048, or an error of
about 1.0%, which if the Bessel curve
is nssum<--c linear in the vicinity of zero.
is possible on either side of zero, or
± 1.0%. For this case, if we hold the
modulating frequency constant, this
error tOO is applied directly to the devia-

rion frequency. Taking both errors into
account, for this example the maxi
mum possible error in determining the
deviation frequency at a modulation in
dex of 2.4048 is ± 1.5%. Because the
slope of the zero·order Bessel curve de
creases as it passes through zerO at
higher modulation indices, the maxi
mum possible error in determining fre
quency deviation will increase slightly
with higher modulation indices.
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RF Calibration of the
Sweep Signal Generator Type 240-A

SAMUEl WALTERS, Editor, The Notebook

It sometimes becomes necessary to re
calibrate the rf circuit of this generator
because of changes in fre<luency de
termining components, tube aging, etc.
These changes will normaUy cause a
frequency variation of no more than 2
or 3%. Changes larger than this usually
indicate serious circuit problems which
re-calibration wiJl nOt overcome.

The parameter most likely to affe<:t
the fre<luency stability is the dc reactor
biasing current which is an integral parr
of the saturable reactor method used in
this instrument for generating a sweep
fre<luency.· This method has many ad
vantages such as a wide sweep range,
good srnbility and accuracy, inherently
non-microphollic operation and a linear
sweep. However, it introduces anOther
vatiable into the oscillator circuit be
sides rhe conventional L & C: a specially
shaped saw-toothed CUrrent that drives
each of the fi\'e saturable reactors (one
for each range). The saw-toothed cur
rent is super-imposed in the sweep
condition on Ihe dc reactor current,
which provides the proper inductance
at the center frequency. This dc current
may change in value should some Ere
ljut:ncy determining component in the

power supply through aging or some
Other reason change its value, thus af
fecting the fre<lUency.

Discussion Of Marker System Used
In Calibration

The 240-A has a self-comained means
of calibration through the use of a lero
beat type marker sysrem. As shown in
Figure I, a harmonics generator pro
duces a set of crystal-controlled refer
ence frequencies. A from panel control
permits the choice of harmonically re
lared reference frequencies at the funda
mental frequencies of 2.5 rnc, 0.5 'mc
or 0.1 me. TIle rf sample outpur in cw
or sweep condition heterodynes wirh
the related frC<:Juencies in a mixer stage
to ptoduce audio frequency beat notes
or "birdies", as they are sometimes
called.

The table below designates the vari
able resistors which control the rcacror
bias current and thus the cw and center
sweep frequencies for e;lch range. All
of the variable resistOrs are Icx:a!ed in a
circle around the switch at the from
right hand corner of the sweep chassis
(see Figure 2). In all cases mrning the

•

resistOr element in a clockwise ditection
causes [he frequency to increase.

Freq. Res. Res.
Range (CW (Sweep
(MC) Operation) Operation)

4.5 to 9.0 R 540 R 533
9.0 to 18.0 R 538 R 53 t

18.0tO 35.0 R537 R527
35.0 to 75.0 R 535 R 526
75.0 to 120.0 R 534 R 525

Recalibration Procedure
A. Sweep Operation Adjustment

1. Connca the Sweep Oul terminal
postS to the horizontal input of an
oscilloscope.

2. Connect shielded cable from the
Comp()Jite Signal Out BNC jack to

the venical input of rhe oscilloscope.
No rf detector is requited.

3. Turn the Cry/tal Mar};,.,. switch to the
2.5 mcs position.

4. Turn the CW-Sweep switch to
Sweep.

5. To avoid lIny error caused by scope
non-linearity, turn the scope hoti-
zontal ,gain all the way down. Cemer --./
the resulting vertical line on the
scope face, this poim will mark the
position on the scope of the cemer
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of the sweep. Restore the scope hori- 
zontal gain to normal. Tune the sig- 
nal generator so that one of the 
markers or “birdies” is at the center 
of the sweep. Decrease the signal 
generator sweep width until only 

L, 

RF SAMPLE 
CW OR SWEEP 

RF OSC 

shielded cable from the Composite 
Signul Oat BNC jack to the vertical 
input. Use the internal horizontal 
sweep on the oscilloscope to display 
the zero beat. 

2. Turn the C W - S w e e p  switch to C W .  
3. Turn on the 2.5 mcs crystal marker 

and adjust the frequency dial to ob- 
tain a zero beat. 

4. The frequency indicated should be a 
multiple of 2.5 mcs within the i 1% 
of the instrument. If it is beyond the 
tolerance, set the dial on the fre- 
quency and adjust the proper resistor 
for zero beat. 

5. Identify the frequency. 

Figure 7 .  Block diagram of circuits 
used in RF calibration of the 240-A. 

Precautions 

The following precautions should be 

one marker appears and retune the 
frequency as required to center the 
marker. 

6. The frequency on the dial should be 
a multiple of 2.5 mcs within the 
k 1 % tolerance of the instrument. 
If it is beyond the tolerance, set the 
dial on the frequency and center the 
marker on the sweep display by 
adjusting the proper resistor (see 
table) while observing the precau- 
tions listed below. 

7. Identify the frequency read on the 
dial with some frequency determin- 
ing instrument such as a receiver or 
grid dip meter to insure that calibra- 
tion was made to the correct multiple 
of 2.5 mcs. This should be done 
whether or not a recalibration adjust- 
ment was necessary. 

B. CW Operation Adjustment 

1. Plug a pair of headphones into the 
front panel jack marked culibrute 

observed: 
1. Leave the dust cover intact but re- 

move the bottom plate. 
2. Operate the instrument in its normal 

vertical position. Set the instrument 
on the bench so that it hangs over the 
front sufficiently to allow access to 
the resistors with a screw driver from 
the bottom. 

3. Use a screwdriver with an insulated 
handle and a protective insulated 
sleeve on the shaft. This is recom- 
mended to prevent accidental short- 
ing of the dc voltage on the resistor 
control to chassis ground. 

4. Allow 1 hour warmup before at- 
tempting any recalibration. 

5 .  Wait five minutes when changing 
frequency ranges to allow proper 
“settling”. 

6. Before making any adjustments in 
the Sweep position of the C W - S w e e p  
switch, turn sweep width control 
fully clockwise and wait five min- 
utes. 

‘u 
Figure 2. Sweep generator chassis, showing location of the variable re- 
sistors which control the CW and center sweep frequencies. 
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N O T E  F R O M  THE EDITOR 

The annual trek East each Spring to 
see a picture in the round of electronic 
progress and exchange views presents 
the opportunity to talk of other things, 
“of shoes - and ships - and sealing 
wax - of cabbages - and kings,” 
things that may appear irrelevant but 
are actually germane. 

Industrial growth, for example, is 
rooted in local history. Such disparate 
articles as cannonballs and Q meters, 
although produced almost two centuries 
apart and separated even further in 
function, are linked by threads of poli- 
tics, geography, even geology. 

In our, town of Boonton we can fol- 
low the threads back to the American 
Revolution when the iron in its soil 
provided the main source of cannon 
balls for Washington’s Army. More 
than once, while posted at Morristown, 
about ten miles distant, Washington 
visited the works to inspect the pro- 
cesses on army contracts. One of the 
roads the Revolutionary Army traveled 
between Morristown and Pompton 
Plains was through old “Boonetown” 
and legend records that the town was 
included among the many places where 
our indefatigable first president spent a 
night (at the home of a Colonel Ogden, 
who reputedly gave “Boonetown” its 
name in honor of Thomas Boone, 
Governor of New Jersey, in 1760) 

Colonel Ogden at this time was the 
owner of the great metal slitting mills 
at Boonetown (now lying 60 feet under 
the Jersey City Reservoir at nearby Par- 
sippany - see photo) and one of the 
Revolutionary Army’s prime sources of 
military supplies. He  ran considerable 
risk before the war in the operation of 
his iron works since it was unlawful to 
manufacture iron in the Colonies. He  
tried to conceal it by building a harm- 
less grist mill in front and over it. How- 
ever, word reached the authorities and 
Governor William Franklin (a son of 
Benjamin) came to inquire into a re- 
port that Colonel Ogden was flouting 
His Majesty’s authority. A stout partisan 
of the belief that “a bumper of good 
liquor will end a contest quicker than 
justice, judge, or vicar,” Colonel Ogden 
wined and dined the governor ’til the 
inner man glowed and the discerning 
eye turned myopic. Governor Franklin’s 
subsequent report bristled at the “slan- 
der” that Colonel Ogden was making 
bootleg iron, and hailed him as one of 
“your Majestie’s loyal subjects”. 

Prior to the Revolution, Boonton was 
a quiet spot of great natural beauty, 
nestling in an area of lakes, streams and 
forests. Lenni-Lenapes or Delaware In- 
dians were the first known settlers in 

THE NOTEBOOK

NOTE FROM THE EDITOR

The annual trek Easl each Spring to
sec a picture in the round of electronic
progress and exchange views presents
the opportunity to mlk of other things,
"of sh~ - and ships - and 5C2ling
wax - of abbages - and kings:'
things that may appear irrclevam bur
are actually germane.

Industrial growth. for example, is
rOOted in local hiStory. Such dispaf'3.le
anicles as cannonballs and Q meters,
ahhough produced almOSI twO centuries
apan and separated even further in
function, afe linked by threads of poli
tics, geography, even geology.

In our town of Boomon we can fol
low the threads back. to the American
Re'·olution when the iron in itS soil
provided the main source of annon
balls for Washingron·s Army. More
than ooce, while posled at Morristown,
abo\n ten miles diMant, Wash.ingroo
visited the works to inspect the pro
cesses on afmy comracrs. One of the
roads the Revolutionary Army traveled
between Morristown and POmpton
Plains was throu,lth old "Boonetown·'
and legend records rhat the town was
included among the many places where
our indefatigable first president spent a
night (at the home of a Colonel Ogden,
who reputedly gave "Boonerown" itS
name in honor of Thomas Boone,
Governor of New Jersey, in 1760)

Colonel Ogden ar this time was the
owner of the great metal slitting mills
at Boonetown (now lying 60 feet under
the Jersey Ciry Reservoit at nearby Par
sippany - see photo) and one of the
Revolutionary Armis prime sources of
military supplies. He ran considerable
risk before the war in the operation of
his iron works since it was unlawful to
manufacture iron in the Colonies. He
tried to conceal it by building a harm·
less grist mill in front and o\'er it. How
ever, word reached (he authorities and
Governor \'Qilliam Franklin (a son of
lknjamin) came to inquire imo a re
pon that Colonel Ogden was flouting
His Majesty's authority. A StOUt partisan
of the belief that "a bumper of good
liquor will end a comest (juicker chan
juStice, judge, or vicar:· Colonel Ogden
wined and dined the governor 'til tbe
inner man glowed and the discerning
eye turned myopic. Governor Franklin·s
subsequent report bristled at rhe "slan
de"- that Colonel Ogden was making
bootleg iron, and hailed him as one of
··your Majestie·sloyal subjectS".

Prior to the Revolution, Boonton was
a quiet spar of gJ't'at natun! beauty,
nestling in an area of lakes, streams and
forests. Lenni-Lenapes or Delaware In
dians we'e (he first known seulers in

variable re-

shielded cable from Ihe CompolitB
Signal 0,11 BNC jack to the venial
input. Use the internal horizontal
sw«p on the oscilloscope to display
the zero beat.

2. Turn the C\f/-Su:eep switch !O CWo
3. Turn on the 25 mes crystal marker

and adjust the frequency dial to ob
tain a zero heaL

4. The frequency indicated should be a
mulriple of 2.:S mcs within the =1%
of the instrument. If it is beyond the
wlerance, set lhe dial on the fre
quency and adjust lhe proper resiscor
for zero beat.

5. Identify the frequency.

Precautions

The following precautions should be
observed:
l. Leave the dust cover innaCt hut re

move the boltom plate.
2. Operate the insuumem in itS normal

venial position. Set the ifl$[rumem
on the bench so that it hangs over Ihe
from sufficiently !O allow access to
the resistors with a screw driver from
rhe bottom.

3. Use a screwdriver with an insulated
handle and a ptOlC'Ctive insulated
sl~e on the shaft. This is recom
mended !O prevent accidenta.! short
ing of the dc voltage on the resistOr
control !O chassis ground.

4. Allow I hour warmup before at
tempting any recalibration.

5. Wait five minutes when changing
frequency ranges to allow proper
"settling··.

6. Before making any adjustments in
the Sweep position of the CW,SlveBp
switch, 111m sweep width control
fully clockwise and wait five min
utes.
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o

H
tOol

.1;==-.-~J!t
=-"'" .=" .cPFigure 2. Sweep ge"erator dUJ$sis, sbowi"g locatio" of the

sistors which co"trol the CW o"d ce"ter sweep freque"cies.

~.~ iilo,o:["~ -CAl.I8"",

~.
C>O()'C [ ..... 0\.1<£" .~

,~ ..
"(r[<l!:"'C[ o~:;~~

n"olll[ ...,
~ ..."

<<lEa COM<lQ
~P"C""G

.1lIJQ4[~. I

~ s~~ ,
5"'H~

II ~ '" II co...~

~V'c~ ...... p ill ~'" 0"-
"':>0("

fO !>CO~

of the sweep. Restore the scope hori
zontal gain to normal. Tune the sig
nal gener:uor so that one of the
markers or <>birdies·- is at the center
of the sweep. Decrease the signal
generator sweep width until only

one marker appnrs and rerune the
frequency as required ro center the
marker.

6. The frequency 00 the dial should be
a multiple of 2.:S mcs within the
± ISf rolernnce of the insuument.
If it is beyood the tolernllCC, set the
dial on the frequency and center the
marker on the sweep display by
adjusling the proper resistor (see
table) while observing the precau
tions listed below.

7. Identify the frequency read on the
dial with some frequency determin
ing instrument such as a receiver or
grid dip meter to insure that calibra
tion was made to the correct multiple
of 2.5 mcs. This should be done
whether or not a recalibration adjust
mem was necessary.

B. CW Operation Adjustment

I. Plug a pair of headphones intO the
front panel jack marked calibrate
and adjust Cellt," Preque'lcy comrol
knob for a zero bear. If rhe use of an
oscilloscope is preferred, connect a

Figure L Blocle diagram of circuits
used in RF calibration of the 240-A.
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this area which they called Parsippanong 
(“where the brooks leap down the 
hills”) . 

The Indians were called by the 
Whites after the Indian name of the 
river by which they dwelt; hence the 
Whippanongs, the Pomptons, the Rock- 
awacks, the Parsippanongs, the Minni- 
sinks and the Musconetcongs - the 
suffix “ong” meaning water and the 
remainder of the word describing the 
exact kind of water. 

At or about 1700 the Indians sold 
their land which took in the entire 
northwestern territory of New Jersey 
and migrated to Pennsylvania and Ohio. 
The purchasers were a group of White 
proprietors of West New Jersey, most 
prominent among whom was William 
Penn who acquired approximately 4,000 
acres in this area. They in turn broke 
the property into smaller areas and sold 
them to resolute settlers. 

During most of the 19th century 
Boonton’s progress depended almost 
solely on its Iron Industry whose for- 
tunes waxed and waned with the times 
until the 1870’s. In this period a double 
calamity broke the back of the Industry 
and prostrated the economy of the town 
- a national depression that coincided 
with the discovery of cheap surface ores. 
Many efforts were made to re-industrial- 
ize the area: silk works, hat company, 
soft goods industry, varnish factory, 
even a doll and toy company were estab- 
lished. None took solid root until a 
chemist, Edwin Scribner, started a busi- 
ness in 1891 that was destined to bring 
prosperity to the town, lure technicians, 
engineers and factory workers here and 

make Boonton’s name synonymous with 
progress in the field of molded plastics, 
electronics and precision instruments 
the world over. 

The Boonton Rubber Company, as it 
was known, made the first commercially 

Cradle of the Iron Industry, on the 
site of the old Forge, where cannon 
balls were made for the Revolu- 
tionary Army. This site is now 60 
feet under the waters of the Jersey 
City reservoir. 

molded parts of Bakelite, which were 
sold to the Weston Electrical Instru- 
ment Company; thus Boonton became 
the birthplace of molded plastics. To- 
day there are three firms in Boonton 
engaged in the molded plastics industry. 

The burgeoning radio industry in the 
early 1920’s created a great demand for 
molded parts, presenting technical prob- 
lems whose solution gave birth to an 
important new industry. It was found 
that the available molded material which 
could be used at dc and audio frequen- 

cies; so engineers were brought in to 
make and test new materials. These pio- 
neers of the radio art devised new elec- 
tronic devices to assist them in their 
work and, in so doing, they developed 
circuits and instruments which were an 
innovation to the art. And thus was 
born in the Boonton area a new elec- 
tronic instrument industry beginning 
with the founding in 1922 of the Radio 
Frequency Laboratories. There followed 
in relatively rapid succession and keep- 
ing pace with the development of the 
radio industry, Aircraft Radio Corpora- 
tion, 1928; Ballantine Laboratories, 1932 
(established by Stuart Ballantine, a 
foremost authority in his field); Ferris 
Instrument Company, 1932; and in 
1934 William D. Loughlin, one of the 
original RFL staff, formed the Boonton 
Radio Corporation and concentrated on 
the development of measuring equip- 
ment which was in great demand by 
the radio industry. Measurements Cor- 
poration, the latest addition to the grow- 
ing electronic family of this area, fol- 
lowed in 1939. 

Early contributions of this group to 
the electronic art included amplifier cir- 
cuits, single-control broadcast receivers, 
automatic volume control circuits, high 
sensitivity airborne receivers, throat 
microphones and broadcast station an- 
tenna systems. Later developments pro- 
duced amplitude modulation signal 
generators, vacuum tube voltmeters, “Q” 
meters, field strength meters, pulse gen- 
erators, sweep frequency signal gener- 
ators and many other instruments in- 
valuable to the electronic industrv and 
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cies became too lossy at radio frequen- the armed services. 
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this area which they called Parsippanong
("where the brooks leap down the
hills") .

The Indians were called by the
Whites after the Indian name of the
river by which they dwelt; hence the
Whippanongs, the Pomprons, the Rock
awacks, the Parsippanongs, the Minni
sinks and the Musconetcongs - the
suffix "ong" meaning water and the
remainder of the wOrd describing the
exaCt kind of water.

At or about 1700 the Indians sold
their land which took in the emire
nOrthwestern territory of New Jersey
and migrnted to Pennsylvania and Ohio.
The purchasers were a group of White
proprierors of West New Jersey, most
prominem among whom was William
Penn who acquired. approximately 4,000
acres in this area. They in turn broke
the property imo smaller areas and sold
them ro resolute sertlers.

During most of the 19th centuty
Boomon's progress depended almost
solely on its Iron Industry whose for
tunes waxed and waned with the times
until the 1870·s. In this period a double
calamity broke the back of the Industry
and prostrated the economy of the rown
- a national depression tbat coincided
with the discovery of cheap surface ores.
Many efforts were made to re-indusuial
ize the area: silk works, hat company,
soft goods industry, varnish factory,
even a doll and roy company were estab
lished. None took solid root umil a
chemist, Edwin Scribner, started a busi
ness in 1891 that was destined to bring
prosperity to the toWn, lure technicians,
engineers and factory workers here and

make Boomon's name synonymous with
progress in the field of molded plastics,
electronics and precision instruments
the world over.

The Boonton Rubber Company, as it
was known, made the first commercially

-'
Cradle of the Iron Industry, on the
site of the old Forge, where cannon
halls were made for the Revolu
tionary Army. This site is now 60
feet under the waters of the Jersey
City reservoir.

molded parts of Bakelite, which were
sold to the Weston Electrical Insuu·
ment Company; thus Boonton became
the birthplace of molded plastics. To
day there are three firms in Boomon
engaged in the molded plastics industry.

The burgeoning radio industry in the
early 1920·s created a great demand for
molded parts, presenting technical prob·
lems whose solution gave birth ro an
important new indusuy. It was found
that the available molded material which
could be used at dc and audio frequen
cies beo.me tOO lossy at radio frequen.

cies; so engineers were brought in to
make and test new materials. These pio
neers of the radio arc devised new etec·
tronic devices to assist them in their
work and, in so doing, they developed
circuits and instruments which were an
innovation to the art. And thus was
born in the Boonton area a new elec
tronic instrument industry beginning
with the founding in 1922 of the Radio
Frequency LaboratOries. There followed
in relatively rapid succession and keep"
ing pace with the development of the
radio industry, Aircraft Radio Corpora
tion, 1928; Ballantine Laboratories, 1932
(established by Stuart Ballantine, a
foremost authority in his field); Ferris
Instrument Company, 1932; and in
1934 William D. Loughlin, one of the
original RFL staff, formed the Boonton
Radio Corpotation and concentrated on
the development of measuring equip.
ment which was in great demand by
the radio industry. Measuremt:nts Cor
potation, the latest addition to the grow
ing electronic family of this area, fol
lowed in 1939.

Early contributions of this group to
the electronic art included amplifier cir
cuits, single-control broadcast receivers,
auromatic volume control circuits, high
sensitivity airborne receivers, throat
microphones and broadcast station an
tenna systems. Later developments pro
duced amplitude modulation signal
generators, vacuum rube voltmeters, "Q"
meters, field strength meters, pulse gen
erators, sweep frequency signal gener
atOrs and many other instrumentS in
valuable to the elearonic industry and
the armed services.
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_ i -  * Useful Concepts Of Frequency Modulation 
A non-mathematical discussion of the various ways in which a frequency modulated 
signal manifests itself and how its characteristics dictate the design of circuits. 

W .  CULLEN MOORE, Engineer ing  Manage l -  

Concept: A mental inzuge of a thing 
formed by generalization f rom partic- 
ulars; also, an idea of what a thilzg in 
general should be. (Webs te r )  

A concept is a very personal affair,in- 
volving mental images which are sub- 
ject to infinite variety. The usefulness 
of a concept is also quite personal; it 
may even fail to conform with known 
facts and still be useful. Indeed, a care- 
fully selected assortment of concepts is 
a powerful addition to the engineer’s 
kit of tools. 

The apparent dual personality of fre- 
quency modulation is easily observed 
with common measuring instruments 
and therefore attracts attention. For ex- 
ample, a sweeping signal which pro- 
duces a smooth response in a frequency 
detector circuit may, under certain con- 
ditions, fail to excite a response at some 
sideband frequency. Also, the frequency 
deviation is not an inherent character- 
istic of the signal, but sometimes de- 
pends on the passive circuits through 
which the signal is passed. 

Modulation 

Information is in general transmitted 
by changing, or modulating, some med- 
ium. In communications two aspects of 
the information are usually transmitted, 
the amplitude of the modulation signal 
and the frequency of the modulating sig- 
nal. In frequency modulation this infor- 
mation is conveyed by changing the fre- 
quency of an alternating voltage whose 
frequency lies well above the highest 
frequency we wish to transmit as in- 

v 
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Figure 1 .  The variation of voltage with time 
a s  a signal is  deviated 2 5 0  kc about an 
average frequency of 160 kc by a 10 kc modu- 
lating signal. 

formation. Amplitude data is carried as 
the extent of the carrier frequency 
change and frequency data as the rate at 
which the carrier varies above and be- 
low its average frequency. 

In amplitude modulation it is con- 
ventional to refer to a carrier and side- 
bands with the carrier having a single 
assigned frequency. In the case of fre- 
quency modulation, however, the term 

Figure 2. Increasing intensity of cycle- bunch- 
ing as a 160 kc carrier i s  frequency modulated 
by a 10 kc modulating signal to deviations of 
25 kc, 50 kc and 75 kc. 

carrier may be thought of literally as 
meaning the total enetgy used to carry 
the information, and as consisting of the 
vector sum of the center frequency and 
all of the sidebands. W e  can of course 
speak of the average or center carrier 
frequency. It is also useful to consider 
the instantaneous carrier frequency at 
any moment. The frequency swing from 
the average carrier frequency is called 
the deviation. 

Figure 1 is an oscilloscope display of 
the manner in which the instantaneous 
voltage of a frequency modulated car- 
rier, having a center frequency of 160 
kc, varies with time when deviated 2 5 0  
kc by a 10 kc sine wave modulating 
signal. The frequency and time relation- 
ships are shown to illustrate the above 
terms. Figure 2 is an oscilloscope display 
of the manner in which the peak devia- 
tion conveys relative information about 
several different peak values of mod- 
ulating voltage. 

Sidebands 

One might introduce the side frequen- 
cies, or sidebands as they are more com- 
monly known, with the rather trite com- 
ment that if the peak amplitude or in- 
stantaneous frequency of the carrier 
change, something must have changed 
them. In fact, the change is proportional 
to the instantaneous voltage of the mod- 
ulating signal. 

These characteristics are very much 
like a familiar concept in our daily ex- 
perience: inertia and force. To suggest 
that a carrier has inertia may seem a bit 
far feched. However to change its ampli- 
tude or frequency, energy must be added 
in much the same way as we can change 
the course of a rolling ball only by add- 
ing an external force. This added energy, 
the right amount in the right places at 
the right time, we call the sideband 
energy. In the case of frequency modu- 
lation, it is a matter of re-distributing 
the original energy, rather than adding 
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CQflcept: A mental ima.ge of a thing
formed by generalization from partie
ulan; also, an idea of what a thing in
general should be. (WebtfC'1")

A concept is a very personal affair, in
volving mental images which arc sub·
ject to infinite variety. The usefulness
of a concept is also quite personal; it
may even fail [0 conform with known
facts and still be useful. Indeed, a Care
fully selected assortment of concepts is
a powerful addition to the engineer's
kit of tools.

The apparent dual perwnalicy of £re-
........... <Juency modulation is easily observed

with common measudng instruments
and therefore attracts ancntion. For ex
ample, a sweeping signal which pro
duces a smooth response in a frc<juency
detector circuit may, under certain con
ditions, fail to excire a response at some
sideband fr(.'<juency. Also, the frc<juency
deviation is not an inherem character
istic of the signal, but sometimes de
pends on the passive circuits through
which the signal is passed.

Modulation

Information is in general transmitted
by changing, or modulating, some med
ium. In communications twO nspects of
rhe information are usually transmitted,
the amplitude of the modulation signal
and the frC<juenq' of the modularing sig
nal. In frC<juency modulation this infor
mation is convcyd by changing rhe fre
<Juency of an 'Ilternadng voltage whose
frequency lies well above the highest
frCCluency we wish to transmit as in-
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formation. Arnplitude data is carried as
the extent of the carrier frequency
change and frequency data as the rate at
which the carrier varies above and be
low irs average fre<:juency.

In amplitude moduilition it is con
vemional to refer to a carrier and Jide
bamlr with the carrier having a single
assigned frequency. In the case of fte
quency modulation, however, the term
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canier may be thoughr of lirerally as
meaning the tOml energy used to carry
the information, and as consisting of the
vector sum of the cemer frc<juency nnd
all of rhe sidebands. \Y/e can of course
speak of the average or cemer carrier
frequency. It is also useful to consider
the insmmaneous carrier frc<juency at
any momem. The frequcncy swing from
the average carrier frequency is called
the deviatioll.

Figure I is an oscilloscope display of
the manner in which the instantaneous
voltage of a frequency modulated car·
ricr, having a center frequency of 160
kc, varies with time when deviated ±50
kc by a 10 kc sine wave modulating
signal. The frequency and time relation·
ships are shown to illustrate the above
terms. Figure 2 is an oscilloscope display
of the manner in which the peak devia
tion conveys relative information abour
severol differenr peak values of mod
ulating voltage.

Sidebands

One might introduce the side frC<Juell·
cies, or sidebands as they arc more com
monly known, with the rather trite com
mem that if the peak amplitude or in
stantaneous frequency of Ihe carrier
change, something must have changed
theJ!l. In fact, the change is proportional
to the instantaneous voltage of the mod
ulating signal.

These characteristics are very much
like a familiar concept in our daily ex
perience: inertia and force. To suggest
that a carrier has inertia may seem a bit
far feched. However to change its ampli
tude or frequency, energy must be added
in much the 5.1me way as we can change
the course of a rolling ball only by add
ing an exremal force. This added energy,
the right llmOUnt in the right places at
the right time, we call rhe sideband
energy. In the case of fre<:juency modu
lation, it is a maner of re.dirlfibmi.lg
the original energy, rather than addi,,/!.
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energy as is the case in amplitude modu- 
lation. Figure 3 shows how the com- 
plexity of the sidebands increases with 
an increase in the deviation of the car- 
rier frequency from its unmodulated 
value. 

Consider a uniformly rotating fly- 
wheel, representing the average fre- 
quency of the carrier, on which one 
spoke has been painted red and carries 
a direct current from the hub to the rim 
of the wheel. As the wheel rotates in a 
counter-clockwise direction, the current 
will induce a sinusoidal variation of vol- 
tage in a fixed conductor located along 
a diameter. A complete cycle of the 
alternating frequency will occur for each 
rotation of the wheel which will have 
in the process rotated through 2~ 
radians; hence, our concept of angzdar 
frequency. 

If we wish to change qr modulate 
this frequency, we must do something 
about the speed of the wheel. Specifically, 
we must apply external accelerating or 
retarding forces, analogous to sidebands, 
which combine by vector addition with 
the original energy of the rotating wheel 
to raise or lower the output frequency. 
The amount and distribution of side- 
band energy will vary with both the rate 
at which we alter its speed (the modu- 
lation frequency) and the amount by 
which we alter its speed (modulation 
amplitude) as shown in Figure 3. 

About Rotating Sideband Vectors 

Our rotating wheel concept showed 
us that the frequency was directly re- 
lated to the speed of rotation of the 
wheel which can be described as rotat- 
ing so many degrees a second. There- 
fore, we obtain the concept of fre- 
quency modulation as being a form of 
angular, or phase, modulation in which 
frequency is defined as being the rate 
of chalzge of fihase. 

In order to more readily observe 
changes in phase, or changes in speed 
of rotation (frequency), imagine that 
we climb onto a second wheel rotating 
at the average speed. As the carrier fre- 
quency is increased its wheel will ap- 
pear to speed up counter-clockwise, and 
vice versa. This concept gives rise to a 
useful set of vector addition diagrams, 
shown in Figure 4, which are snapshots 
taken at the peak of the carrier voltage, 
distributed throughout the modulation 

cycle. 
The vertical line of unit length is the 

vector representing the voltage at the 
average frequency. A pair of sideband 
voltages is represented by two short 
vectors of equal magnitude, one rotat- 
ing faster than the carrier center fre- 
quency and the other an equal amount 
slower than the cedter frequency. W e  
can determine their net effect by adding 
up the individual contributing voltages 
vectorially as shown by the dotted lines, 
taking first the resultant of the two,side- 
bands and adding it to the carrier center 
frequency vector to obtain the final re- 
sultant voltage magnitude and relative 
phase angle. 

The upper portion of Figure 4a shows 

II CARRIER 

'50Kc 

t75Kc - 
Figure 3.  Relative sideband spectrum gener- 
ated by frequency modulating a 60 mc carrier 
with a 10 kc modulating frequency to maxi- 
mum deviations of &25 kc, 2 5 0  kc and 
-C75 kc (width of trace about &80 kc). 

the phase of the rotating sideband vec- 
tors adjusted with respect to the carrier 
in such a way that the phase (or fre- 
quency) of the carrier remains constant 
with respect to the wheel on which we 
are riding but the peak amplitude of 
the individual cycles of the carrier varies 
in accordance with the instantaneous 
voltage of modulating frequency. This 
effect we call amplitude modulation. 

If we now pluck off the small cluster 
of rotating sidebands, rotate this cluster 
in phase by 90" and tack it back on to 
the original carrier center frequency, we 
get a dramatically different result, shown 
in Figure 4b. Instead of a resultant vec- 
tor whose relative phase relationship re- 
mains fixed and whose amplitude varies, 
the relative phase of the resultant varies 
and its magnitude remains reasonably 
constant. If we now sketch out the peak 
magnitude of individual cycles in the re- 
sulting wave, we see that the end result 
is the same kind of alternate bunching 
of individual cycles as was displayed on 
the oscilloscope for an actual frequency- 

modulated wave having known char- 
acteristics as shown in Figure 1. 

It is interesting to note that frequency- 
modulated transmitters have been based 
on both of the concepts discussed so far. 
A reactance tube shifts the resonant fre- 
quency of a tuaed circuit in accordance 
with the modulating voltage thus pro- 
ducing directly the waveform demon- 
strated in Figure 1. Likewise a tyhe of 
frequency-modulated transmitter actually 
operates by stripping the sidebands from 
an amplitude-modulated wave in a bal- 
anced modulator, rotating them 90" and 
adding them back on to the carrier cen- 
ter frequency in the manner shown in 
Figure 4b. This process is known as "in- 
direct" frequency modulation. ' 

The two portions of Figure 4 indicate 
an interesting aspect of modulation. 
AmplitudP variations are carried by side- 
bands in pairs whose vector resultant is 
in phase addition or cancellation with 
the average carrier vector. Small phase 
changes are carried by pairs of  sidebands 
whpse resultant is at right angles, or in 
quadrature, with the average carrier vec- 
tor. The sine and cosine lend themselves 
well to the mathematical description of 
this perpendicular relationship. 

The Constant Amplitude Problem 

Pure frequency modulation imposes ~ 

an additional condition on those men- 
tioned above: the rms amplitude of the 
vector resultant voltage shall remain con- 
stant. This requirement demands a 
complicated assortment of sidebands of 
proper amplitude, frequency and phase. 
In Figure 4b only the first pair of side- 
bands was shown, and the vector re- 
sultant was seen to increase in magni- 
tude with increasing change in phase. 
This unwanted increase can be cor- 
rected by the addition of a second pair 
of sidebands rotated an additional 90" 
to cancel out part of the amplitude 
change. The next pair will be rotated 
still another 90" to act as correction on 
the first phase shift pair. 

Figure 5 shows how successive pairs 
of sidebands come into play to produce 
a constant-amplitude resultant peak car- 
rier voltage swinging back and forth 
about an average value of phase through- 
out a cycle of the modulating frequency. 

If through the use of too narrow a 
frequency bandpass, some of the out- 
lying sideband components have been 
attenuated (or to look at it another way, 
the vector resultant voltage has slid 
down on the skirts of the amplifier re- 
sponse curve at the extremes of its ex- 
cursion) the resultant will not have con- -' 
stant amplitude and some of the original 
sideband energy (or information) will 
have been lost. The resultant carrier vol- 

-.J' 

- 

2 

BOONTON RADIO CORPORATION

modulated wave having known char
aCteristics as shown in Figure I.

It is interesting to note that frequency
modulated transmitters have been based
on borh of the concepts discussed so far.
A reaCtance rube shifts the resonant fre
quency of a tuned circuit' in accordance
with the modulating voltage thus pro
ducing directly rhe waveform demon
strated in Figure I. likewise a type of
frequency-modulated transmincr actually
operates by stripping the sidebands from
an amplitude-modulated wave in a bal
anced modulatOr, rotating them 90" and
adding t'hem back on to the Gluier cen
ter frequency in the manner shown in
FigureAb. TIlis process is known as "in
direct" frequency modulation. '
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rected by the addition of a second pair
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still another 90" ro act as correction on
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of sidebands come into play to ptoduce
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about an average value of phase through
out' a cycle of the modulating frequency.
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CARRIER

the phase of the rotating sideband vec·
tors adjusted with respect ro the cartier
in such a way thar rhe phase (or fre
quency) of the carrier remains constant
with respect to the wheel on which we
are riding but the peak amplitude of
the individual cycles of rhe carrier varies
in accordance with lhe insrantaneous
voltage of modulating frequency. This
eHect we call amp/itl/de modulation.

If we now pluck off the small cluster
of rotating sidebands, rot'ate this cluster
in phase by 90 0 and tack it back on ro
the original carrier center frequency, we
get a dnlmacically different' result, shown
in figure 4b. Instead of a tesultant vec
tOr whose relative phase relationship re
mains fixed and whasc amplitude varies,
the rdative pl)ase of the resultant varies
and its magnitude remains reasonably
constant. If we now sketch OUt the peak
magnirude of individual cycles in the re
sulting wave, we see that the end result
is the same kind of alternate bunching
of individual cycles as was displayed on
the oscilloscope for an (lcrual frequency-

=~-

cycle.
lbe vertical line of unit length is the

vector represeming rhe voltage at the
average frequency. A pair of sideband
voltages is represented by cwo short
vectors of equal magnitude, one rotat
ing faster rhan the carrier center fre
quency and [he other an equal amount
slower rhan the center frequency. We
can determine their net effect by adding
up the individual contributing volcages
vcc:rorialJy as shown by the doned lines,
taking first the resultant of the two,side
bands and adding it to the carrier center
frequency vecror to obtain the final re
sultant voltage magnitude and telative
phase angle.

111e upper portion of Figure 4a shows

figure 3. Relolive sideband _pe<l,um gene,_
oled by f,e"uen<y modulating a 60 mC cortie,
willi a 10 h modu/oling f,e'luen<y to mooi·
mum deviations of ±25 kc, ±S(I h ond
±7S h (...idth of I,,,c. obou' ±80 hi.
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energy as is the case in amplitude modu
lation. Figure 3 shows how the com
plexiry of the sidebands increases with
an increase in the deviation of the car
rier frequent"}' from irs unmodulated
value.

Consider a uniformly rOtating fly
wheel, representing the average fre
quency of rhe carrier, on which one
spoke has been painted red and carries
a dircc:t current from the hub to the rim
of the wheel. As the wheel rotates in a
counter-clockwise direction, rhe current
will induce a sinusoidal variation of vol
tage in a fixed conductor located along
a diameter. A complete cycle of the
alternating frequency will occur for each
rOtation of the wheel which will have
in rhe process rotated through 27T
radians; hence, our concepl of angular
frequency.

If we wish to change or modulate
chis frequency, we must do something
about the speed of the wheeL Specifically,
we must apply external accelerating or
retarding forces, analogous to sidebands,
which combine by vector addition with
rhe original energy of lIle rotating wheel
to raise or lower the output frequency.
The amount and distribution of side
band energy will vary with both the rate
at which we alter its speed (the moou
lation ftequency) and the amount by
which we alter its speed (moduladon
amplitude) as shown in Figure 3.

About Rotating Sideband Vectors

Our rotating wheel concepr showed
us that the frequency was directly re
lated to the speed of roration of the
wheel which can be des«ibed as rotat
ing so many degrees a second. TIlere
fore, we obcain the concept of fre
quency modulation as being a form of
angfifdf, or phase, modulation in which
frequency is defined as being the rate
of ch,mge of phaJe.

In order to more teadily observe
changes in phase, or changes in speed
of rOtation (frequency), imagine rhat
we climb OntO a second wheel rotating
at the alJuage speed. As the carrier fre
quency is increased its wheel will ap
pear to speed up coumer-clockwise, and
vice versa. ·nlis concept gives rise to a
useful set of vector addition diagrams,
shown in Figure 4, which are snapshots
taken al the peak of rhe carrier voltage,
disrribuced throughom the modulation
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tage not only varies in amplitude but 
does not deviate in frequency in accord- 
ance with the original signal. This phe- 
nomenon occasionally is overlooked 
Deviation is not an inherently built-in 
characteristic of a frequency-modulated 
signal. 

While a limiter cannot restore lost 
peak deviation information,it can restore 

- lated wave with a panoqmic frequency 
analyzer and observes energy occurring 
only at the carrier frequency and at side- 
band frequencies spaced by the modu- 
lating frequency, one is perhaps not too 
surprised. However, it can be some- 
what surprising to find the same kind 
of answer for a frequency-modulated 
carrier which all ones intuition and 

Figure 4. Amplitude Modulation of a Carrier by the First order Sidebands Compared with Phase 
(or frequency) Modulation of a Carrier Obtained by Rotating the Pair of Sidebands 90’ with Respect 
to the Initial Carrier Vector, with p = .5. 

almost constant amplitude by holding 
down the peak voltage at the center of 
the frequency excursion to a level equal 
to that at wide excursions. The limiting 
action introduces, in the form of dis- 
tortion, the missing sidebands in the 
proper phases and magnitudes required 
to restore the vector resultant voltage to 
a constant value; and the following cir- 
cuits must have sufficient bandwidth to 
handle these sidebands up to the point 
of detection. In the case of an interfer- 
ing signal, the original phase informa- 
tion has not been lost, but only the 
amplitude needs correction. 

The two most common methods for 
recovering the original information are 
the resonant coil discriminator in its 
various configurations which usually 
operates on a constant amplitude vol- 
tage and the so-called linear detector, 
which can be made reasonably indepen- 
dent of signal amplitude and operates 
by counting the rate of cycles without 
the use of resonant circuits. Both re- 
spond only to the vector resultant vol- 
tage which is the root mean square value 
of all of the individual voltages present 
at the input to the detector system at 

Disappearing Frequencies 

- each instant. 

If one looks at an um.plitude-modu- 

many measurements demonstrate quite 
clearly sweeps continuously back and 
forth throughout the entire frequency 
range under observarion. Since the fol- 
lowing exercise is both an interesting 
experience and a useful tool, may we 
suggest that the output of a sweep 
signal generator and the output of a fre- 
quency-modulated generator be simul- 
taneously added in a crystal diode cir- 
cuit whose output contains a RC filter 
and the result displayed on an oscil- 
loscope whose horizontal trace is syn- 
chronized with the sweep signal gen- 
erator? 

Figure 6 is typical of the results ob- 
tained under various conditions of mod- 
ulation frequency and deviation. Two 
things immediately strike us: first, that 

the energy occurs only at discreet posi- 
tions in our frequency spectrum which 
is clustered rather symmetrically about 
the center frequency; and secondly, that 
under some conditions of modulation 
even these signals, including the one 
which we are accustomed to associating 
with the average carrier frequency, dis- 
appear. W e  must hasten to point out 
that we are here dealing with what the 
mathematician chooses to call the fre- 
quency domuin rather than the time 
domuin previously used in our oscillo- 
scope display. W e  are in effect taking a 
cross section of frequency and display- 
ing the energy values averaged over a 
period of time. 

W e  have previously observed the 
physical existence of a vector resultant 
voltage whose instantaneous magnitude 
varies in approximately a sinusoidal 
fashion and whose separation between 
points of corresponding phase on adja- 
cent cycles ( a  measure of frequency) 
varies. smoothly in accordance with the 
applied modulating voltage. Figure 5 
shows graphically how, by the proper 
magnitude and phase configuration of 
these individual voltages or “sidebands”, 
the vector resultant may be caused to 
have any desired phase relationship at 
any given instant of time; and there- 
fore how it is possible to cause the vec- 
tor resultant voltage to sweep over any 
desired frequency range at any desired 
rate. 

Those Bessel Functions 
The “time average” aspect is the es- 

sence of either a physical or mathe- 
matical approach to the variation of 
sideband amplitudes. Specifically, the re- 
sults which we observe by a physical 
measurement or obtain by a mathe- 
matical manipulation do not say that the 
energy at any given frequency is miss- 
ing at all times; but only that its time 
average is zero. 

This effect can be analyzed by mathe- 
matics using as its paint of departure 
either of the concepts which we have 
discussed: a continuously-sweeping vec- 
tor resultant voltage,, ur an assortment 
of sidebands. Using the idea presented 

AS0 /3=.5 /3= I /3=2 /3=2.4 /3= 4 
J o = O  J3=.2 Jo--.4 J,-.28 
J, =.52 J4 =.06 J, =-.07 J, =. 13 
Jz =.43 Jr= .36 J , = . O 5  I, 28.7O \q J3= .43 J , = . O 2  

A8=57.3 V I  P p 2 3 Z 3 h J ,  

4- E = M  ODULATION INDEX 

Jo, Ji-xBESSEL FUNCTIONS 5 SIDEBAND AMPLITUDE COEFFICIENTS J3 
fm 

Figure 5. Generation of a Constant-Amplitude Rotating Vector by Addition of Successive Orthogonal 
Sideband Pairs. 
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the energy occurs only at discreet posi·
tions in our frequency spectmm which
is clustered rather symmetrically about
the center ftequency; and secondly, that
under some conditions of modulation
even these signals. including the one
which we are accustomed to associating
with the average carrier frequency, dis
appear. We must hasten to point out
th:n we are here dealing with what the
mathematician chooses to call the fre
quency domain rather than the time
domain previously used in our oscillo·
scope display. We are in effect taking a
cross section of frequency and display
ing the energy values averaged over a
period of time.

\'Qe have previously observed the
physical exisrence of a vector resultant
voltage whose instantaneous magnitude
varies in approximately a sinusoidal
fashion and whose separation between
points of corresponding phase on adja
cent cycles (a measure of frequency)
varit'S· smoothly in accordance with the
applied modulating voltage. Figure 'j

shows graphically how, by the proper
magnitude and phase configuration of
rhese individtlal voltages or "sideb.1nds··,
the vector resultant may be caused to
have any desired phase relationship at
any given instant of time; and there
fore how it is possible to cause the vec
tor resultant voltage to sweep over any
desired frequency range at any desired

Those Bessel Functions
The ··rime average" aspeCt is the es

sence of either a physical or mathe
matical approach to the variation of
sideband amplitudes. Specifically, the reo
suIts which we observe by a phrsical
measurement or obtain by a mathe
matical manipularion do nat say that the
energy at any given frequency is miss
ing ar all times; but ollly that its lime
average is zero.

This effeer can be analyzed by mathe
matics using as its point of deparmre
either of the concepts which we have
discussed: a continuously-sweeping vec
ror resultant volrage,. ur an assortment
of sidebands. Using rhe idea presemed
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many measurements demonstrate quile
clearly sweeps continuously back and
forth throughout rhe entire frequency
range under observation. Since rhe fol
lowing exercise is both an interesting
experience and a useful tool, may we
suggest rhar the outpur of a sweep
signal generator and the outpur of a fre
quency-modulated generaror be simul·
taneously added in a crystal diode cir
cuit whose Output contains a RC filter
and the result displayed on an oscil
loscope whose horizontal rrace is syn
chronized with rhe sweep signal gen·
eratOr?

Figure 6 is typical of the results ob
tained under various conditions of mod
ulation frequency and deviation. Two
rhings immediately strike us: first, rhar

lated wave with a pano,:,-mic frequency
analyzer and observes energy occurring
only at [he carrier frequency and at side
band frequencies spaced by the modu·
lating frCtjuency, one is perhaps nOt tOO
surprised. However, it can be some
what surprising to find the same kind
of answer for a frequency-modulated
carrier which all ones intuilion and
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Figu,. 4. Amplitude Modul"ti.." "f " C""ie. by the Fint ord•• Sideb""d. C"mpored with Ph"••
ro, ire"u."oy) Modu'"'io,, "f 0 C""i., Ob'"i"ed by Ro'''ti"g ,h. P"ir "f Sideb"nd. \1O' wi,h R••ped
to ,h. l"i,i,,1 C""ie, V",,,,, wi,h fJ = .5.

tage not only varies in amplitude bue
does not deviate in frequency in accord
ance with the original signal. This phe
nomenon occasionally is overlooked
Deviation is not an inherently built-in
characteristic of a frequency-modulated
signal.

\'Qhile a limiter cannot restote lost
peak deviation information.it can restore

almost constant amplitude by holding
down the peak voltage at the cemer of
the ftequency excursion to a level equaJ
to that at wide excursions. The limiting
action introduces, in the form of dis
tortion, the missing sidebands in the
proper phases and magnitudes required
to restore the vector resultant voltage to
a conscant value; and the following cir
cuits must have sufficiem bandwidth to
handle these sidebands up to the poim
of detection. In the case of an inTerfer·
ing signal, the otiginal phase informa
tion has nOt been lost, but only the
amplitude needs correction.

The tWO most common methods for
recovering the original information are
the resonant coil cliscriminator in its
various configurations which usually
operates on a constant amplirude vol
tage and the so-called linear detectOr,
which can be made reasonably indepen
dent of signal amplitude and operates
by counting the rate of cycles without
the use of resonant circuits. Both re
spond only ro the vecror resulranr vol
tage which is the root mean square value
of all of rhe individual voltages present
<It the input to the detector sYStem at

each insranr.

Disoppeoring Frequencies

If one looks at an a7l1plitude-modu-

3



B O O N T O N  R A D I O  C O R P O R A T I O N  

CARR EK 
p = o  

t 5Kc  
/3= 5 

t 24Kc 
,3124 

C 38Kc 
b . 3 8  

f5 IKc  
/3=5 I 

JA .i2 5, i, .i2 5, ia 
4 *lOKc 

fm=lOKc 
fc 

fc-60mc 

PHYSICAL MANIFESTATION 

DEVIATION INDEX fi 

38Kc 3.8 

5 I Kc 

U I Z . 3 4 5  

MODULATION INDEX p=A$/Fm 

MATHEMATICAL DESCRIPTION 

.94 .24 

.5 2 .43 

-.4 0 .4 I 

J, 
0 0 
0 0 

.2 .O 6 

.4 2 .25 

5. I -.I5 0 .3 2 .4 
I I I 

Figure 6. Comparison of the Observed Variations in Strength of the Discrete Signals in a Frequoncy 
Modulated W a v e  with Their Mathematical Description as Provided by Bessel Functions. 

by Figure 1, the usual textbook approach 
sets up an equation involving sines, co- 
sines and phase angles which describes 
in mathematical symbols the way in 
which the instantaneous carrier voltage 
varies as a function of the carrier fre- 
quency, the modulating frequency, and 
the deviation. 

The time integration of this equa- 
tion to get average values leads to a 
never-ending series of alternating sine 
and cosine terms whose coefficients are 
the magnitudes of the successive orders 
of sidebands, each advanced 90” from 
its predecessor. The relative numerical 
values of these coefficients are most 
conveniently obtained by resort to a 
matheinatical table known as “BesseI 
Functions”, generated at considerable ef- 
fort from a similar equation. The graph 
of Figure 6 shows the values of some of 
the coefficients as a function of the 
modulation index, which is the ratio of 
the deviation to the modulating fre- 
quency. We find that the mathematical 
formulation has indeed faithfully de- 
scribed the physically observed disap- 
pearance of various sideband compo- 
nents, designated as Jo, J1, Jz, J.3, at 
critical values of the modulation index. 

Having found a satisfactory mathe- 
matical description for the wave-form 
and concept displayed in Figure 1, it 
should be equally possible to derive a 

cept involved in Figures 4 and 5 .  This 
has been done by Harvey, Leifer & 
Marchand’, in which the authors use a 

mathematical description of the con- 

mathematical technique which is the 
practical equivalent of adding up all of 
the vector component contributions to 
the final voltage over a cycle of the 
modulating frequency, such as might be 
achieved by a sufficiently large number 
of graphical solutions. We should not 
be surprised to find the solution to their 
equation leading once again to Bessel 
Functions. 

Filters and Sweeping Frequencies 

So far all of our physical measure- 
ments and concepts have been inde- 
pendent of resonant circuits. However, 
one of the very interesting characteristics 
of frequency modulation is associated 
with the response of a resonant circuit 
to a swept frequency. Let us assume a 
reasonably high Q (narrow passband) 
resonant circuit lying to the side of the 
average carrier frequency in a region 
through which the carrier is sweeping. 
Once again there is more than one way 
to look at the problem. 

The first approach applicable to low 
repetition rates satisfies our intuitive 
feeling that it takes time for energy to 
build up in a resonant circuit, and if the 
circuit is sharp or the signal sweeping 
by quickly, only partiai response will 
result. In fact, the peak of the response 
will not even coincide in resonance 
with the applied signal.’ This is a 
serious difficulty in frequency marking 
circuits or in the use of fast sweeps on 
narrow-band amplifiers. Alternately, we 
might suggest that the highly selective 

circuit will not accept the high fre- 
quency components required to repro- 
duce the sharp leading edge of an im- 
pulse of energy and therefore the cur- 
rent cannot rise quickly in the resonant 
circuit. 

At high modulating frequencies a more 
subtle interpretation of the response of 
a filter to a swept frequency involves 
the stored energy.’ A filter having a 
passband lying within the deviation 
range of a frequency-modulated signal 
has energy applied to it only in short 
bursts occurring at intervals determined 
by the modulating frequency and the 
maximum deviation. Unless the phase 
of the newly applied voltage has a com- 
ponent lying in phase with the current, 
no energy will be abso:bed by the filter. 
Once again these relationships are t ime  
averages and apply at all frequencies, 
as well as at the sideband frequencies 
and are the basis for part of the deriva- 
tion in the Harvey-Leifer-Marchand pa- 
per previously cited’. 

If the resonant frequency of the filter 
corresponds to a frequency which we 
call a sideband frequency, then for most 
combinations of deviation and modula- 
tion frequency there will be an in-phase 
component of the applied voltage and 
power will be transferred. The phase of 
the succeeding pulse of radio frequency 
energy with respect to the energy stored 
in the filter depends on how wide the 
carrier is being deviated and the rate at 
which it is deviating. For certain critical 
values the phase of the newly applied 
voltage will be in quadrature with the 
current circulating in the resonant cir- 
cuit and no power will be transferred. 
The fact that the energy accepted by 
a narrow band filter does occasionally 
go to zero at the frequency of the car- 
rier and the various orders of sidebands 
is a very useful tool.’ It enables us, for 
example, to determine when the modu- 
lation index has reached a certain value 
as shown in Figure 6 ;  and knowing the 
modulation frequency, we can determine 
the deviation. 
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circuir will not accept rhe high fre
quency components required 10 repro-
duce the sharp leading edge of an im- -'
pulse of energy and therdore the cur-
relll cannor: rise quickly in Ihe rcsonam
circuit.

III high modulating frequencies a more
subtle interpretarion of rhe response of
a filrer ro a swepr frequency in\'OlvC5
the sroroo energy." A filler having a
passband lying wirhin the deviation
range of a frequency-modulated signal
has energy applied to it only in shorr
bursrs occurring at intervals determined
by the modularing frequency and Ihe
maximum deviation. Unless the phase
of the n<-wly applied voltage has a com
ponent lying in phase with rhe current,
no energy will be absorbed by the filter.
Once again these relationships are lime
averages and apply at all frequencies,
as well as Ilr Ihe sideband frequencies
and arc the basis for part of Ihe derivll'
tion in the Harvey-uifer.Marchand pa
per previously cited'.

If the resonant frequency of lhe filcer
corresponds ro a frequency which we
call a sideband frequency, then for mosl
combinations of deviarioo and modula
lion frequency there will be an in-phase
component of the applied volra.ge and
power will be transferred. The phue of
rhe succeeding puJ.s.e of radio frequency
energy with rcspccr ro rhe energy stored -
in rhe filrer depends on how wide the
carrier is being deviared and the rale ar
which ir is deviating. For certain ctiliOlI
values the phase of the newly applied
volragc will be: in quadrature with rhe
currenl circulating in Ihe resonanr cir-
cuit and no power will be trnnsferred.
The fact rhat Ihe energy accepted by
a narrow band filter does occasionally
go to lerO at the frequency of the car-
rier and the various orders of sidebands
is a very useful roo!" It enables liS, for
example. to determine when the modu-
lation index has reached a cenain value
as shown in Figure 6; and knowing the
modulatiOn frequency, l\'e em dcrermine
Ihe devilllion.
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mathematical technique which is the
praaical equivalent of adding up all of
the vector componenr conrribucions to
rhe {inal volragl.' over a cyde of the
modulaling frequency. such as mighr be
achieved by a sufficienrly large number
of graphical solurions. \VIe should not
be surptised 10 find the solution to their
equarion leading once again co Bessel
Functions.

filteu C1nd Sweeping Frequencies

So far all of our physical measure
ments and conceprs have been inde
pt.'/ldenr of resonlllll circuilS. However,
One of the very interesting characteristics
of frequency modulation is associated
with the response of a resenanr circuir
CO a swept frequency. Let us assume a
reasonably high Q (narrow passband)
rcsonanr circuit lying to the side of the
average carrier frequency in a region
through which the etrrier is sweeping.
Once again there is more rhan one way
10 look at the problem.

'The first approach applicable 10 low
repetition rares salisfies our imuitive
feeling that ir r:akes rime for energy 10
build up in a resonant circuir. and if the
circuir is sharp or Ihe signal sweeping
by quickly, only panial response will
resull. In faa. the pc:ak of the response
will nor even coincide in resonance
wirh [he applied signa!." This is a
serious difficulty in frequency marking
circuits or in the use of fasr sweeps on
narrow-rond amplifiers. Alternately, we
mighr suggesr thaI rhe highly sdccrive
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by Figur~ I, th~ usual u~xrbcd:: approach
sets up an equation involving sinleS. co
sines and phase- angles which describes
in m:uhematinl symbols rhe way in
which rhe insra.nranffiUS r:ucier volCllSC
varies 1I5 a function of rhe carrier fre
quency, rhe modularing frequency, and
rhe deviarion.

The rime imegration of this equa
rion to gCt (H'crage values leads to a
never-ending series of alrernaring sine
and cosine rerms whose coefficients are
the magnirudes of the successive orders
of sidebands, each advanced 90 0 from
its predecessor. The relative nliffieriC1lI
values of lh(.'se coefficients are most
conveniently obrained by reson to a
ffillthemarical table known as "Dessel
Funcrions", genernted at considerable ef
forr from a similar equarion. The graph
of Figure 6 shows rhe values of some of
dle coefficients as a funclion of the
modu/,mon index, which is Ihe r.lIio of
the devillion to rhe modularing fre·
quency. We find Ihat Ihe m:uhem:HicaJ
formulation has indeed faithfully de
scribed rhe physically observed diS3p'
pe:1rance of various sideband compo
nems. designated as )1., )1, )::, )a. at
critical values of Ihe modulation index.

Having found a S3tisfaclory mathe
marial descripl:ion for rhe wave·form
and concepr displa}'ed in Figure I. ir
should be I,'qually possible ro derive a
m:Hhcmalical description of the con·
cept involved in Figures 4 and 5. This
has been done by Harvey, Leifer &:
Marchand', in which the aurhors use a
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Use Of Smith Charts For Converting 
RX Meter Readings 

To VSWR And Reflection Coefficient 
ROBERT PO I R I ER, D e v e l o p m e n t  Engineer  

In a previous Notebook article, Fall 
1954, issue number 3, page 7 ,  it was 
mentioned that impedance measure- 
ments could be made at remote distances 
from the RX Meter along known lengths 
of 50 ohm co-ax. In this case the results 
obtained at the RX Meter must be trans- 
formed either by means of the Smith 
Chart or transmission line equations- 
for the ideal case 

(1)  
Z1 Cos P l  + jZo Sin p l  

Zo Cos PI + jZl Sin p l  
Zi = Zo 

where Zi = Impedance at p l  distance 
in radians from 

Z1 = Loadimpedance 
and Zo = Characteristic impedance 

of the interconnecting 
transmission line. 

and for the general case, 
i/ ( 2 )  

Zo Cosh yl + Z1 Sinh y l  

21 Cosh yl + Zo Sinh yl 
Zi = Zo 

where y = 
the complex propagation constant: 

( R  + jwL) ( G  + jwC) 

For distributed resistance, R; induc- 
tance, L; conductance, G and capacity C; 
per unit length for the general case. 

It is the purpose of the present 
article to illustrate the use of the Smith 
Chart solutions of the transmission line 
equations with a view to obtaining the 
values of reflection coefficient p and 
VSWR from RX meter readings. 

Preparation of Data 

The Smith Chart is usually a plot of 
impedance or admittance with the rec- 
tangular coordinates curved into circles 
and contained within a unit circle of 
which the polar coordinates are reflec- 

tion coefficient, p = and 

phase angle, Pl in the ideal case. The 
RX meter reads directly in terms of 

'-1 parallel resistance, R,, and either + 
capacity, C, equal to the capacity in the 
test circuit or - capacity equal to the 
capacity required to resonate the in- 

V refl. 

V inc'd 

ductance in the external circuit at the 
test frequency; neither value will plot 
directly onto the Smith Charts. To plot 
the RX Meter readings it is necessary 

1. Evaluate the parallel reactance 

x p  = - (where the + sign 

of C,, shall denote equivalent parallel 
capacity and the - sign of Cp shall 
denote equivalent parallel induc- 

t D -  

1 

OCP 

- .OOJyh =BINUINI. rua I 
INDUCTANCE 
I I 

K -  

, .Jw.- . . Equivalent Circuit of Sample Mearure- 
ment. 

tance.) 
2. Transform R, and XI) to either 
rectangular admittance coordinates; 

1000 
GZ---- millimhos and 

RP 
1000 

B=- = lOOOwCp millimhos, 
XP 

( 4 )  

5 

where Zo and Y o  may be any source 
impedance or admittance respectively. 
These conversions are likely to be found 
printed on the normalized Smith Charts. 

R,2 x, 
R,' + XI,' 

and Xs = - 

Rs 

20 

jXs 

z o  

Resistance component = - 

Reactance component = - 

G 

Y O  
or, Conductance component = - 

jB 
Susceptance component = - 

Y O  

or rectangular impedance coordinates; 

( 3 )  
R, X," 

R,' + X,2 
Rs = 

where Q and the - sign of Xp re- 
sults from the convention that in- 
ductive reactance is considered posi- 
tive and capacitive reactance is con- 
sidered negative. 

3. Plot G and B or R, and X, di- 
rectly onto a Smith Chart having ap- 
propriate coordinates. 

For plotting on Smith Charts with 
normalized coordinates the following 
additional conversions are indicated: 

Figure 2. Impedance Circle Diagram of Figure 1 .  

EXAMPLE:  Consider a 270 ohm 
1/2W carbon resistor measured on the 
RX Meter at a frequency of 225 mega- 
cycles per second. The RX Meter read- 
ings in a typical case could be R,, = 
2500, C,, = + O S  ppf. The only source 
of error to be considered in this case is 
the series inductance of the binding 
posts, and for a first approximation this 
may be neglected. The binding post in- 
ductance may be best accounted for as 
follows: Consider the equivalent circuit 
of the measurement and the impedance 
circle diagram in Figures 1 and 2 below. 
From the circle diagram it is recognized 
that R, (True) = R, (Meas) so that 
R, may be computed directly from ( 3 )  

R, Xp' 
R, = 

RPL + XI,' 

250 x 2.0 X 10" 
~ 2 4 3 0  - - 

6.25 x 10' + 2.0 x loc 
From ( 4 )  RV2 XI, 

Xs (Meas) = - 
R,,' + XI,' 

THE NOTEBOOK
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2nd for the general case,

R,," Xl'
Xs (Mens) = - ----

RI" + XI'"

250 X 2.0 X 10'

6.25 X 10' + 2.0 X
From (4)

EXAMPLE: Consider a 270 ohm
\.1W carbon resistOr measured on the
RX Meier at a frequency of 225 mega·
cycles per second. The RX Meier read
ings in a typical case could be RIO =
250n. c., = +0.5 ".".f. The only source:
of error to be considered in this case is
the series inducrance of the binding
posts, and for a firsl apptoximation this
may be neglected. The binding post in
duemnce may be best accounted for as
follows: Consider the equivalent circuit
of the measurel1'\Cllt and the impedance
circle diagram in Figures I and 2 below.
From the circle diagram il is recognized
that R. (True) = R~ (Mens) so that
R. may be computed directly from (3)

RI' XI:
B. = -'----''----'

R,
Resistance component = --

Zo

jx..
Reactancc companelll = -

Zo

G
or, Conducmoce campanelli =-

Yo

jB
Susceptance: componelll = --

Yo

where Zo and Yo may be any sourcc
in1lx.Jance or admittance respectively.
These conversions ue likely to be found
primed on lhe normalized Smith Cham.

ranee. )
2. Transform R" and Xp to either
recungul:u admittance coordinales;

(4)

or rectangular impedance coordinates;

1000
G = --- millimhos and

Bp

1000
B = --- = I(}()(kuCp millimhos,

Xp

r"... I. Eq..i>'ol..., c;....;, of Se",pI. Meo•..,...
"'...,.

Rp"X"
.nd x.. = - -----,'----',-:--

RI>" + XI"

where Q and Ihe - sign of Xp rc
suits from the convemion that in
ductivc reactance is consi?ered posi·
tive and capacitive reaClance is con
sidercd neg-Hive,

3. Plot G and B or R. and X. di
rectly OntO a Smith Chan having ap
propriate coordinates.

For plotting on Smith Charts with
normalized coordinates the following
additional coo\'crsions are indicated.:

ductance in the extcrnal circuit at the
test frequency; neither value will plor
directly 011I0 rhe Smith Ch3tls. To plOl
the RX f..!ercr readings it is necessary
,~

I. Evaluatc Ihe parallel rcacrance

1
Xp = --- (where rhe + sign

wCp

of c,. shall denote: equivalem parallel
capacity and the - sign of Cp shall
denote equivalelll parallel induc-

,nd

(I)
ZI Cos pI + jZO Sin Pi

Zo Cos pI + jZI Sin 131
Impedance at {31 distance
in radians from
lo.1d impedance
Characteristic impedance
of the interconnecting
transmission line.

ZI
and Zo

tion coefficient, p =

Zi=ZO

where 'Y =
the complex propagalion conslant:

(R + jwL) (G + jwC)

wherc Zi

(2)
Zo Cosh )'1 + Zl Sinh)'1

ZI = Zo :c-::-:--::-:::-:-'-
ZI Cosh )'1 + Zo Sinh )'1

For disuibuted resistance, R; induc
tance, l; conductance, G and capacity C;
per unit length for the general case.

h is the purpose of thc present
article !O illustrate the use of the Smith
Chan solutions of the transmission line
equations with a view to obuining the
values of reflection coefficient p and
VSWR from RX meier readings.

Preparation of Dala

"The Smith Q:m is iUually a pl<X of
impedance or admiluoce with the rec
rangul:u coordinates curved inlO circles
and contained wilhin a unit circle of
which the pol:u coordinales arc reflec·

V refl.

V inc'd

phase angle, {31 in the ideal case. TIle
RX mcter reads dire<:lly in terms of
parallel resistance, RI " and either +
capacity, C, equal to the capacity in the
rest circuit or - capacity equal (0 the
capacity required !O rCSOoate the in-

In a previous Notebook artide, Fall
1954. issue number 3. P.18e 7, it was
mentioned thai impedanre measure·
~nts could be made ar rem<Xe distances
from the RX Meter along known lengths
of 50 ohm co-ax. In Ihis cast" the results
obtained at the RX Meter must be tcans
formed either by means of the Smith
Chan or rransmission li~ equations
for the ideal case
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B O O N T O N  R A D I O  C O R P O R A T I O N  

- 6.25 X 10' X 1.41 X 10' 
-42.60 

6.25 x 10' + 2.0 x 10'' 

Also from the circle diagram ( Fig. 2 ) 
it is seen that 

Xs (True) = Xs (Meas) - Xs ( K )  

Now let us suppose that this consid- 
ered resistor is to be connected as a 
load for a 3000 signal sourc6 and it is 
desired to predict the reflection coef- 

- - - - 

- 42.6 -wLk = - 46.90. - - 

Additionally, a return loss may be ex- 
pressed as : 

10 log ~ = 10 log - = 17.7db 

and a transmission loss, expressing in 
db the incident power which is not 
absorbed by the load, may be written as: 

P inc'd 1 

P refl. .017 

P inc'd 

P abs'd 
10 log 

Figure 3. Smith Chart (Expanded 2Xj. 

ficient and/or VSWR on a 3OOR trans- 
mission line connecting the source to 
the load. R, (True) and X, (True) 

Rs xs 
may be normalized by - and - 

3000 300R 
respectively. The normalized resistance 
component, 0.8 1 and reactance com- 
ponent -jO.l56 are plotted directly on 
a normalized Smith Chart (expanded 
scale) as shown in Fig. 3. The reflec- 
tion coefficient, p, that is the ratio of 
the voltage reflected to the voltage trans- 
mitted is equal to the length of the 
radius vector from the center of the 
Smith Chart to the plotted impedance. 
In this example p = 0.13. The reflec- 
tion coefficient in terms of power, 

P refl. V refl. 

P inc'd V inc'd 
~ = (-1 = 0.017 

1 

1 - ,017 
= 1Olog = 0.075 db 

Modified Procedure For 
Transmission line 

The foregoing definitions of reflec- 
tion coefficient are applicable whether 
a transmission line is involved or not. 
Now let us further suppose the 2 
(true) (normalized) = .81 - j.156 
was measured at one end of a transmis- 
sion line and that the other end of the 
transmission line was terminated in an 
unknown load to be determined. Let the 
transmission line be measured and found 
to be 0.3 wavelength long. VSWR on 
a transmission line is defined as the 
ratio of the maximum voltage to the 
minimum voltage; viz, 

V inc'd + p V inc'd 

V inc'd - p Vinc'd 

1 f p 

1 - p 

- -- 

On a Smith Chart the reflection co- 
efficient for a given load is a radially 
scaled constant so even though the now 
unknown load is not represented by 
.81 - jl56 we can use p = 0.13 pre- 
viously obtained and find, 

1 + 0.13 

1 - 0.13 
VSWR = = 1.3 

which in db is written, 
20 log VSWR = 2.28 db 

Except in the ideal case, however, this 
is an approximation which is very good 
for short ( in terms of wavelength) low 
loss transmission lines. 

As previously stated the Smith Chart' 
provides a ready solution to the trans- 
mission line equations ( 1 ) and ( 2  ). In 
the ideal approximation the impedance 
at any point along a transmission line 
may be found by rotating the constant 
radius vector around the center of the 
Smith Chart the PI distance between 
the known and the unknown in the di- 
rection indicated on the chart. For our 
example Pl 0.3 wavelength; the im- 
pedance was represented by 0.81 
- j.156 measured at what may be con- 
sidered the input end of the transmis- 
sion line. To find the impedance at the 
load end, the radius vector is rotated 0.3 
wavelength toward the load (counter 
clockwise direction) as shown in Fig. 3. 
The true impedance at the load end of 
the line is read from the Smith Chart 
as 1.0 + j0.27 per unit ohms. Since the 
reference unit in this case was 3OOQ 
Z = 300 + j81. It is also of interest to 
note that in crossing the horizontal axis 
of the Smith Chart to the right of cen- 
ter, the radius vector denotes a pure re- 
sistance point of maximum impedance. 
It is also a point of maximum voltage 
and minimum current. Since, 

V max. = V inc'd ( 1  + p )  
V incd 

20 
and, I min. = ~ (1  -p )  

V max. 1 + P  

I min. 1 - P  
2 max. - = zo-  

Z max. 

zo 
x VSWR 

That is to say the per unit impedance 
denoted on the horizontal axis of the 
Smith Chart to the right of center is 
equal to VSWR, and we read from Fig. 
3, VSWR z 1.3 as obtained previously. 

Reference:  P .  H. Smith "Transmission 
Line Calculator'' Electronics  Jan.  1939. 

d 
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L3VSWR=
[ -0.13

which in db is written,
20 log VSWR = 2.28 db

Excepc in the ideal case, however, this
is an approximarion which is very good
for shan (in t'enns of wavelength) low
loss transmission lines.

As previously scaled the Smith Chan'
provides a ready solution to the rrans·
mission line equations (I) and (2).ln
the ideal approximation the impedance
al any point along a tranSlnission line
may be found by rorating the constant
radius vector around the cemer of rhe
Smilh Chan rhe {11 distance between
lhe known and the unknown in the di·
rection indicated on the charr. For our
example {1l = 0.3 wavelength; the im
pedance was represented by 0.81
- j.156 measured ar what may be con
sidered the inplll end of the rrnnsmis- ----"
sion line. To find the impedance aT lhe
load end, rhe radius veetor is rota led 0.3
wavelengrh toward the load (counter
clockwise direction) as shown in Fig_ 3,
The IrUe impedance ar the load end of
the line is read from the Smith Chan
as 1.0 + jO.27 per unit ohms. Since the
reference unit in this case was 3000,
Z = 300 + jS!. It is also of interesr to

note that in crossing rhe horizontal axis
of the Smith Chart to the right of cen-
tcr, the radius veclOr denores a pure re
sistance point of maximum impedance.
It is also a poinr of maximum voltage
and minimum current. Since,

Y max. = Y inc'd (I + p)

V incd
and,lmin.=---(I-p)

Zo
Ymax.l+p

Zmax. =---~ZO--
• I min. I-p

Y inc'd + p V inc'd
=---

V inc'd - p Vinc'd I - P

On a Smilh Chan the reflecrion co·
efficiem for a given load is a radially
scaled constant so even rhough the now
unknown load is nOt represented by
.81 - jl56 we can use p = 0.13 pre·
viously obtained and find,

1 +0.13

Zmax,
--=VSWR

Zo
That is to say lhe per unit impedance
denOled on the horizontal axis of Ihe
Smirh Chart to the righl of cenrer is
equal to VSWR, ;lnci we read from Fig.
3, VSWR = I.3 as obtaind previously.

Refe,ence: P. H. Smith ~T"msmission

Lin,. Calcu.lator'" Elec"onics Jan, 1939.

0.075 db

Modified Procedure For
Transmission Line

1010g--
1-.017

TIle foregoing definitiuns of reflec
tion c()(:fficicm arc applicable wherher
a transmission line is involved or nor.
Now let us further suppose the Z
([[ue) (normalized) = .Hl - j,l56
was measured ar one end of a transmis·
sion line and thar the mher end of rhe
transmission line was lerrninated in an
unknown load to be dctermined. Let rhe
lransmission line be m<.-:lSured and found
(Q be O.} w~vdcnglh long. VSWR on
a transmission line is defined as the
ratio of the maximulll vohage to the
minimum volmge; viz,

Addirionally, a return [ass may be ex
pressed as:

P inc'd I
10 log~-- = 10 log -- = 17.7db

P refl. .017

and a transmission loss, expressing in
db the incidem power which is not
absorbe<l by the load, may be written as:

P inc'd
IOlog--

P abs'd

Prefl. =(vrefl.\=0.017

P inc'd V inc,{i)

-6.25 X 10'X IAI X 10'
-,--------, = -42.60
6.25 X 10' + 2.0 X 10'

Also from rhe circle diagram (Fig. 2)
if is seen rhat

Xs (True) = Xs (Meas) - Xs (K)

= - 42.6 -wLk = - 46.90:.
Now lcr us suppose thar this consid

ered resiSlOr is to be connected as :l

load for a 300n signal source and ir is
desired to predict the reflection cod·

figu,e 3. 5milh Cha,' (hpandfHI 2XJ.

{icient and/or YSWR on a 300n trans
mission line connecting the source ro
the load. R. (True) and X" (True)

R.< X,
may be normalized by -- "d --

300n 30an
respectively. 111e normalized r(:sistance
componem, 0.8 I and reactance com·
ponem -jO.156 arc planed directly on
a normalized Smirh Chart (expanded
scale) as shown in Fig. 3. 11\e reflec·
tion coefficient, p, rhat is the rario of
lhe vultage r",fleeted to the volrage !tans·
mitred is l..-qual to the length of the
radius vector from lhe center of the
Smith Chan to the plotted impedance.
In lhis eX'lmple p = 0.13. The reflec·
rion cocffickm in lerms of power,

•



T H E  N O T E B O O K  

Frequency Calibration Of Q Meter Type 260-A 
SAMUEL WALTERS, E d i t o r ,  T h e  N o t e b o o k  

Two of the principal reasons for 
checking the frequency calibration of 
the 260-A are ( 1 )  replacement of the 
oscillator tube and ( 2 )  a desire to ob- 
tain more accurate inductance readings. 
The former involves an adjustment on 
only one frequency band since all bands 
are affected in the s a w  direction and 
approximately in the same degree. On 
the other hand, an inductance reading 
of greater accuracy than factory toler- 
ances may require a correction curve for 
more accurate use of the F dial*. 

Each of the eight frequency ranges 
has two calibration adjustments, a 
threaded magnetic core for the in- 
ductance of the tuned circuit and an 
adjustable piston type trimmer con- 
denser for varying the capacitance of 
the tuned circuit. The former is used to 
establish frequency calibration at the 
low frequency end of the range and the 
latter to establish calibration at the high 
frequency end. The threaded magnetic 
core is adjusted at the factory and is 
then sealed in its coil form with a high 
Q lacquer to prevent movement. This 
adjustment should not be disturbed. 

In addition to the adjustments for 
each range there is a variable plate trim- 
mer condenser (C-129) for adjustment 
of the circuit minimum capacitance 
when the oscillator tube is replaced. Con- 
tinuous tuning of each range is han- 
dled by the two-section variable ca- 
pacitor whose sections have been pre- 

calibrated to follow a standard capaci- 
tance vs. rotation curve. No further 
adjustments of the plates should be 
necessary or attempted without a clear 
knowledge of .the interdependence of all 
eight ranges. If adjustments are abso- 
lutely necessary, however, the outer rotor 
plates are siotted to provide minor cor- 
rections. For ranges 10-23 mc and 23-50 
mc, adjust the 13 plate section; for 
ranges 300-700 kc, 700-1700 kc, 1.7-4.2 
mc and 4.2-10 mc, adjust the 25 plate 
section; for ranges 50-120 kc and 120- 
300 kc, adjust both sections. In making 
these adjustments, care should be taken 
that rotor to stator plate spacings are not 
less than 0.015 inches. 

Oscillator Re-Calibration 
Following Tube Change 

As previously pointed out, re-calibra- 
tion is necessary on only one band fol- 
lowing a replacement of the oscillator 
tube. 

A 10 mc crystal calibrator, such as the 
Ferris Calibrator, Model 33A, is recom- 
mended. However, standard broadcast 
stations may be used satisfactorily in 
place of a crystal calibrator. 

To calibrate the oscillator proceed as 
follows (see photo) : 

1. Remove the screws around the 
edge of the top and front panels and the 
3 screws from the bottom of the instru- 
ment. The entire front panel and top 

PISTON TRIMMER ACCESS HOLE 
Rear of Q Meter Type 260-A Showing Access Holes of Frequency Adjustments. 

can now be gently lifted out of the 
cabinet. As noted in the Figure, the 
shaft of the plate tuning condenser, 
C-129, extends beyond the top oscillator 
shield wall. The piston type trimmers 
can be easily reached through the access 
holes in the oscillator casing. 

2. Turn on the Q Meter and allow 
instrument to warm up for 30 minutes. 

2. Connect the rf input terminals of 
the crystal calibrator to the LO and 
GND terminals of the Q Meter. 

3. Adjust the calibrator to 10 mc. 
4. Switch the frequency range to the 

4.2 - 10 mc range. Set the Megacycle 
dial to exactly 10 mc. 

5. Adjust the XQ controls for a read- 
ing of 1.0 on the Multiply Q By Meter. 

6. Carqfully adjust C-129 until a zero 
beat is heard in the calibrator headset. 

Standard broadcast stations in the 
neighborhood of 700 kc or 1500 kc 
can also be used in conjunction with a 
radio receiver to calibrate the oscillator. 
The upper ends of either the 300 - 700 
kc or 700 - 1700 kc ranges may be used 
to zero beat the Q Meter oscillator with 
the station carrier. 

Correction Curve 

Should it become necessary to read 
the dial with an accuracy greater than 
factory tolerance, a correction curve 
plotting dial reading error against dial 
reading can easily be made. Using a crys- 
tal calibrator similar to the Ferris Model 
33-A one can re-calibrate any range 
through the use of the built in multi- 
vibrator circuit, which in the case of the 
Ferris calibrator is locked by the 100 kc 
oscillator. Fundamentals of 50, 25, 20, 
10 kc are thus made available to check 
the 50-120 kc range. 

The general procedure outlined above 
should be followed. A pair of phones 
may be plugged into the output jack of 
the Calibrator so that beats between the 
Q Meter oscillator and the standard fre- 
quencies of the Calibrator can be heard. 

It must be remembered that the ac- 
curacy of the correction curve is a func- 
tion of the number of points checked, 
type of calibrator used and, of course, 
the skill of the operator. 

*Although the C dial calzbralzon ZJ also zmportant, 
the F dzal bar a greater znfluence on the ouer-all 
tolerance except at the low settzngr of the C dtal. 
See Fall 19J5, assue No. 7 of T h e  Notebook on 
"Calzbrdtzon of the Internal Reronatzng Capacrtor Of 
the Q Meter." 
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11.0.01 Q 101",,,, rrp" 260·1. Showing Ace".. HoI.,. of f''''1u''ncy Acliuolm"nl>.

Two of the principal reasons for
checking the frequency calibration of
the 260-A are (I) replacement of the
oscillatOr tube and (2) a desire IO ob
min more accurate inducrance readings_
The former involves an adjustment on
only one frequency hand since all bands
arc affected in the same dircrrion and
approximately in the same degree. On
the ocher hand, an inductance rei\ding
of greater accuracy than factOry toler·
ances may require a correction curve for
more accurate use of the F dial·.

Each of the eight frequency ranges
has twO calibration adjustments, a
threaded magnetic core for the in
ductance of the tuned circuit and an
adjustable piston type trimmer con
denser for varying the G.lpacitance of
the tuned circuit. The former is used to
establish frequency calibration at the
low frequency end of the range and the
laner to establish calibration at the high
fn:.-quency end_ The threaded magnetic
core is adjusted at the factory and is
then sealed in its coil form with a high
Q lacquer to prevent movement. This
adjustment should not be disturbed.

In addition to the adjustments lor
each range there is a variable plate rrim
mer condenser «(.129) for adjustment
of the circuit minimum capacit..nce
when the oscillawr rube is replaced. Con
rinuous tuning of each range is han
dled by the cwo-section variable ca
pacitOr whose sections have been pre·

•

calibrated to follow a standard capaci
ranee vs. rOlation cllrve. No furthet
adjustmenrs of the plates should be
necessary or attempted without a clear
knowledge of.the inrerdependcnce of all
eight r.mges. If adjustments arc abso·
lutely necessary, however, the ourer roror
plates are slotted 10 provide minor cor
rections. For ranges 10·23 mc and 23-50
me, adjust the 13 plate section; for
ranges 300·700 kc, 700·1700 kc, 1.7-4.2
me and 4.2-10 mc, adjusr the 25 plate
section~ for ranges 50·120 kc and 120·
300 kc, adjust bOth sections. In making
these adjustments. care sholiid be taken
that rotOr to scator plate spacings arc not
less than 0.0 I 5 inches.

Oscillator Re-Cal ibrCltion
Following Tube ChClnge

As previously pointed out, fe-calibra·
tion is nt"Cessary on only one band fol
lowing a replacement of the oscillawt
tube.

A 10 me crystal calibr.lror, such as the
Ferris Calibrator, Model 33A, is recom
mended. However, standard broadcast
stations may be used satisfactorily in
place of a crystal calibrator.

To calibrate the oscillaror proceed as
follows (see pharo):

J. Remove the screws around the
edge of the rap and from panels and the
,) screws from the bottom of the instru
ment. The emire front panel and top

can now be gendy lifted out of the
cabinet. As noted ;n the Figure, the
shaft of the plate tuning condenser,
C-129, extends beyond the tOP oscillaror
shield wall. The pisron type trimmers
can be ca_~ily reached through the access
holes in the oscillatot casing.

2. TUJII on the Q Meter and allow
instrument to warm up for 30 minutes.

2. Connect the rf input terminals of
the crysral calibrator to the LO and
GND terminals of the Q Meter.

3. Adjust the calibrator to 10 me.
4. Switch the frequency range to the

4.2· 10 me range. Set the Megacycle
dial to exactly 10 mc.

5. Adjust the XQ controls for a read
ing of l.0 on the Mldtiply Q By Meter.

6. Carl;fulJy adjust C-129 uncil a zero
beat is heard in the calibrator headset.

Standard broadcast stations in the
neighborhood of 700 kc or 1500 kc
can also be used in conjunCtion with a
radio R"Ceiver to calibrate Ihe oscillatOr.
The upper ends of either the 300·700
kc or 700 - 1700 kc ranges may be used
ro zero beat the Q Meter oscillator with
the station carrier.

Corredion Curve

Should it become necessary to read
the dial with an accuracy greater than
factory tOlerance, a correction curve
planing di:i1 reading error against dial
reading can easily be made. Using a crys
tal calibratOr similar to the Ferris Model
33-A one can re·calibrate any range
through the usc of rhe built in multi
vibrator circuit, which in the case of the
Ferris calibra.tOr is locked by the 100 kc
oscillatOr. Fundamentals of SO, 25, 20,
10 kc are thus made available to chcrk
the 50-120 kc range.

The general procedure outlined above
should be followed. A pair of phones
may be plugged imo the output jack of
the Calibrator so that bears between the
Q Meter oscill:uor and the standatd fre·
quencies of the CalibratOr can be heard.

It must be remembered that the ac
curacy of the cOHcrtion curve is a func
tion of the number of poim~ chcrkeJ,
type of calibrator used and, of course,
the skill of the operator.

•A/'hQ~~h ,h. C ,11.1 (OI,~w'Q~ " .1,,, imp"".",.
'b. F d",1 b., • ,,,.'n ;QII~<w'. U ,b. 00••-011
/Q1...~<o ."UP' oJ ,h; lou, "'''n" 01 ,h. C d,oI.
S•• FQII. /9H. ill~' No.7 01 Th. NQ/Qbo~" OQ
··CQlJb..JioQ 01 'h. 1",.,,,.1 Rllen""", CQ/n("o, 01
'b> Q Ill.,.....
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EDITOR’S NOTE 

The public sees the engineer as a 
gnome-like creature, a sort of electronic 
sorcerer conjuring up electronic devices 
so complex that even he is startled when 
they work. Oblivious to the surround- 
ing world, he plods daily from his labo- 
ratory cubicle to his home submerged 
in abstruse engineering problems ’til he 
reaches his front door where he makes 

an outward show of normalcy. With an 
effort that produces mental fatigue he 
greets his wife with a perfunctory peck 
and his kids with a dutiful pat on the 
head (mixing up their names if he hap- 
pens to have more than one), and enters 
the bosom of his family in a trance-like 
state from which he does not emerge 
’til safely ensconced once again in his 
familiar world of electronics. His only 
“social activity,” it is believed, is peri- 
odically attending meetings where tech- 
nical papers full of solemn nonsense 

are intoned by other engineers of mien 
as grave as his own. 

This of course is gross exaggeration. 
Worse. It is a myth and difficult to lay. 
Part of the difficulty can be attributed, 
we fear, to the engineers themselves. 
Too often the only view the public ob- 
tains of engineers or their work is in 
the photographs that appear in the 
newspapers from time to time showing 
an engineer at an instrument replete 
with dials, meters, switches, etc. The 
caption might say: “John Smith, de- 
velopment engineer for the Whynot 
Company, demonstrating the operation 
of an electric pretzel bending ma- 
chine,’’ but this belies the attitude of the 
engineer who, far from appearing to 
demonstrate anything, sits frozen in 
solemn disbelief of the entire proceed- 
ing. This, of course, engenders in the 
viewer a feeling only of pity for the 
engineer and a morbid curiosity for the 
instrument which has apparently placed 
its inventor in a hypnotic state. 

The fact is however, despite such 
superficial appearances, the average 
engineer is a human being in the ac- 
cepted (non-anthropological) sense of 
the word, e.g., a social being. He  is a 
joiner. It is true he is usually a mem- 
ber of technical societies where “shop 
talk” is the rule. But that is also true 
of a horse breeding organization or any 
other homogeneous group with intel- 
lectual, economic or other interests in 
common. 

For the benefit of that segment of the 
general public that may see this publi- 
cation as well as for that group of engi- 

neers whose self esteem may be under 
a cloud because of the “queer bird’ 
looks of the uninformed, we shall scan 
the professional and avocational inter- 
ests of the group here at BRC with the 
sure knowledge it is typical of the engi- 
neering field as a whole. 

Our president, Dr. Downsbrough is 
a member of the Board of Trustees of 
the Riverside Hospital here in Boon- 
ton, N. J. in addition to his member- 
ship in the Scientific Apparatus Makers 
Association (SAMA) where he serves 
as a member of the Electronics Com- 
mittee. He and his family pursue the 
interesting hobby of Gliding, his wife 
holding the U. S. distance record for 
women. Frank G. Marble, our vice- 
president, is active in the Little League, 
a baseball organization for the pre-teen 
agers. He  also serves as Chairman of the 
Exhibitors Advisory Committee of the 
IRE. W. Cullen Moore, our Engineering 
Manager, is the Scout Master in his 
home town as well as the Secretary of 
the New Jersey Chapter of the IRE. Our 
engineers, exclusive of their professional 
activities, have as motley a collection of 
hobbies and activities as one could find 
anywhere - amateur cartoonists, pho- 
tographers, cabinet-makers, science fic- 
tion devotees, astronomers, Civil Air 
Patrol activities, and a host of others. 

These multifarious interests are, we 
firmly believe, representative and char- 
acterize the engineering profession in 
general as well rounded and imagina- 
tive, ingredients essential to all creative 
vocations and healthy citizenship. 
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EDITOR'S NOTE

The public sees the engineer as a
gnome-like creature, a son of elcctronic
sorcerer conjuring up elcctronic devices
so complex that even he is startled when
they work. Oblivious to the surround
ing world, he plods daily from his \abo
rarory cubicle to his home submerged
in abstruse engineering problems 'til he
reaches his from door when~ he makes

an outward show of normalcy. With an
effon that produces mental brigue he
greets his wife with a perfunclOry peck
and his kids with a dutiful pat on the
head (mixing up their names if he hap
~ns to have more than one), and enters
the bosom of his family in a trance-like
state from which he does not emerge
'til safely ensconced once again in his
familiar world of electronics. His only
"social activity," it is believed, is peri.
odically :mending meetings where tech
nical papers full of solemn nonsense

arc intoned by other engineers of mien
as grave as his own.

This of course is gross exaggeration.
Worse. It i& a myth and difficult to lay.
Pan of the difficulty can be attributed,
we fear, to lhe engineers themselves.
Too often the only view the public ob
tains of engineers or their work is in
the photographs that appear in the
newspapers from time to rime showing
an engineer at an instrument replete
with dials, meters, switches, etc. TIle
caption mighl say: "John Smith, de
velopment engineer for the Whynot
Company, demonstrating the operation
of an electric pretzel bending ma
chine," but this belies the attitude of the
engineer who, far from appearing to
demonstrate anything, sirs frozen in
solemn disbelief of the emire proceed·
ing. This, of course, engenders in the
viewer a feeling only of pity for the
engineer and a morbid curiosity for the
instrument which has apparently placed
its inventor in a hypnotic state.

The fact is however, despite such
superficial appearances, the average
engineer is a human being in the ac·
cepted (non·anthropological) sense of
the word, e.g_, a social being. He is a
joiner. Ir is true he is usually a mem
ber of technical societies where "shop
talk" is the rule. But that is also true
of a horse breeding organization or any
other homogeneous group with intel
lectual, economic or other interestS in
common.

For the benefit of that segment of the
general public thar may see this publi.
cation as well as for that group of engi·

neers whose self esteem may be under
a cloud because of the "queer bird"
looks of the uninformed, we shall scan
rhe professional and avocational inter
ests of the group here at BRC with the
sure knowledge it is typical of the engi
neering field as a whole.

Our president, Dr. Downsbrough is
a member of the Board of Trustees of
the Riverside Hospital here in Boon·
ron, N. J. in addition to his member·
ship in the Scientific Apparatus Makers
Association (SAMA) where he serves
as a member of the Electronics Com
mi[[(~e. He and his family pursue the
interesting hobby of Gliding, his wife
holding the U. S. distance record for
women. Frank G. Marble, our vice
president, is active in the Litrle league,
a baseball organization for the pre· teen
agcrs. He also serves as Chairman of rhe
ExhibitOrs Advisory Committee of the
IRE. W. Cullen Moore, our Engineering
Manager, is the ScOut Master in his
home town liS well as the Secretary of
the New Jersey Chapter of the IRE. Our
engineers, exclusive of their professional
activities, have as motley a collection of
hobbies and activities as one could find
anywhere - amateur cartoonists, pho·
tographers. cabinet·makers, science fic
tion devotees, astronomers, Civil Air
Patrol activities, and a host of others.

These multifarious imerests are, we
firmly believe, representative and char
acterize the engineering profession in
general as well rounded and imagina
tive, ingredients essential to all creative
vocations and healthy citizenship.
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Applications of the Metal Film Gauge, Type 255-A i I 

In a previous issue of the Notebook,” 
an article was devoted to the theoretical 
aspects considered in the design and 
development of an instrument for plat- 
ing and film thickness measurement. 
This article is intended to show how the 
Metal Film Gauge, Type 255-A, is be- 
ing employed in the field, m research 
laboratories, on production lines, and as 
a tool for the quality control engineer. 

The instrument is useful in several 
different typeSQf measurements, namely: 
( 1) the measurement of the thickness 
of a non-magnetic plating such as silver, 

i/ gold, cadmium, chromium, rhodium, etc., 
on a non-magnetic basis metal such as 
copper, brass, aluminum, etc., ( 2 ) the 
measurement of the thickness of a con- 
ductive, non-magnetic material such as 
copper on an insulating basis material 
such as glass, phenolic sheet material, 
ceramic, etc., ( 3 ) the measurement of 
the thickness of any insulating film such 
as an organic paint on a conductive, non- 
magnetic basis material such as alum- 
inum, magnesium, etc., ( 4 )  the sorting 
of materials by means of their electrical 
conductivities, ( 5 ) the sorting or match- 
ing of materials according to their mag- 
netic properties, ( 6 )  the determination 
of the degree, or effectiveness of the 
annealing process in metals, and finally, 
( 7 ) the measurement of plating thick- 
ness of magnetic materials under certain 

L 

* A-Piip, “Determination o f  Metal Fzlm 
Thickness,” BRC Notebook, No. 9, Spring, 
1956. 
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Figure 1 .  Author Demonstrating Sample of  Organic Film on Brass Basis. 

conditions. Each of these types will be 
discussed separately in the paragraphs 
which follow along with a general dis- 
cussion of suitable “standards” for use 
with the instrument. For simplicity, each 
type will be considered as a flat, con- 
tinuous surface at least %’’ on each side. 
Treatment of geometrical configurations 
other than flat surfaces will be covered 
later in this article. 

Measurements Of Non-Magnetic 
Combinations 

As an example of this type of plating 
measurement, let us consider a plating 
of cadmium on a basis material of cop- 
per which is to cover the thickn$ss 
range of 0.00025” to 0.002”. First of all, 
since the Metal Film Gauge, Type 
255-A, is inherently a comparator, the 
use of a reference standard is always re- 

quired in order to make absolute thick- 
ness measurements. Such a standard is 
shown in Figure 2. 

This sample standard card is designed 
to slip into a holding device on the 
front panel of the instrument and pro- 
vides the scale for the meter. In order to 
measure the thickness of cadmium plat- 
ing for this particular combination, we 
proceed as follows: Place the gauge 
head on the sample of basis metal (in 
this particular case, copper) and adjust 
the instrument to zero reading on the 
meter by means of the “Set Basis” con- 
trol. When approaching zero it is well 
to have the “Set Standard’ control turned 
to its extreme clockwise position in or- 
der to establish a firm zero reading. Next, 
piace the gauge head on the sample of 
cadmium plating which is known to be 
0.0014” and turn the “Set Standard’ 
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Applications of the Metal Film Gauge, Type 255-A
DOUGLAS K_ STEVENS, Sales Engi1uer

Figu,e I. Autho, Demon.',oting Sample of O,goni. Film OM B,o.. Bo.;•.

In a previous issue of the Notebook,·
an article was devoted to the theoretical
aspects considered in the design and
developmem of an instrument for plac
ing and film thickness measuremcnt.
This artide is intended to show how the
Metal Film Gauge, Type 2SS-A, is be
ing employed in the field, III research
Iaborawrics, on production lines, and as
a tool for the quality conrrol engineer.

The instrument is useful in several
differem types of measurements, namely:
( 1) the measuremem of me thickness
of a non-magnetic plating such as silver,
gold, cadmium, chromium, rhodium, etc.,
on a non-magnetic basis metal such as
copper, brass, aluminum, etc., (2) the
measuremem of the thickness of a con
ductivc, non-magnetic material such as
copper on an insulating basis matetial
such as glass, phenolic sheet mateti:d,
ceramic, etc., (3) the measurement of
the thickness of any insulating film such
as an organic paint on a conductive, non
magnetic basis material such as alum
inum, magnesium, etc., (4) the sorting
of materials by means of their electrical
conductivities, (5) the sorting or match
ing of materials according co their mag
netic properties, (6) the determination
of the degree, or effectiveness of the
annealing process in metals, and finally,
(7) the measurement of plating thick·
ness of ma;l;netic materials under certain

• A.Piip, "Determi,.aJ;Dn DI IIltlal Pilm
Thiclmeu," BRC Notebook, No.9, Spring,
19%.
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conditions. Each of these types will be
discussed separately in the paragraphs
which follow along with a general dis
cussion of suitable "standards" for use
with the instrument, For simplicity, each
type will be considered as a Hat, con
tinuous surface at least MIn on each side.
Treatment of geometrical configurations
other than Hat surfaces will be covered
later in this article,

Measurements Of Non-Magnetic
Combinations

As an example of this type of plating
measurement, let us consider a plating
of cadmium on a basis material of cop
per which is to cover the thickness
range of 0,00025" to 0.002", First of ~ll,
since the Metal Film Gauge, Type
255-A, is inherently a comparator, the
usc of 11 reference standard is always re-

quired in order to make absolute thick
ness measurements. Such a standard is
shown in Figure 2.

This sample standard card is designed
to slip into a holding device on the
from panel of the instrument and pro
vides the scale for the meter, In order to
measure the thickness of cadmium plat
ing for this particular combination, we
proceed as follows: Place the gauge
head on the sample of basis metal (in
this particular case, copper) and adjust
the instrument to zero reading on the
meter by means of the "Set Basis" con
uol. When approaching zero it is well
to have the ·'Set Standard" Control turned
to its extreme clockwise position in or
der to establish a firm zetO tt:'J.ding. Next,
plan' the gauge head on the sample of
cadmium plating which is known to be
0.0014" and turn the "Sct Standard·'
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control counterclockwise until the meter 
needle reads 1.4 mils. The instrument 
has now been calibrated and is ready for 
use simply by placing the gauge head on 
any piece of cadmium plated copper of 
the same basis material and taking the 
plating thickness reading directly from 
the scale. Calibrated Standards, similar 
to that shown in Figure 2 are available 
as accessories for most non-magnetic 
metal combinations. 

The manner in which a Calibrated 
Standard is established may be of intet- 
est. Let us assume that a Metal Film 
Gauge, Type 255-A is available and that 
we wish to measure silver plating on 
brass, which is a combination frequently 
found in such fields as waveguide, RF 
fittings, etc. Let us further assume that 
we are interested in absolute plating 
thickness measurements which range 
from 0.0001’’ or 0.1 mil to 0.001’’ or 
1 mil. First, we select a sample of the 
basis material (in this case, brass), 
place the gauge head on this sample and 
adjust the instrument to zero by the 
method previously described. This estab- 
lishes a point (the zero point) on a 
calibration curve. Next, we require 
three ( 3 )  different thicknesses of the 
plated material (let us assume 0.3 mil, 
0.5 mil, and 0.75 mils) which have been 
accurately measured by another method; 
chemical, optical, or X-ray etc. Using a 
linear scale from 0-100 for the meter, 
we place the gauge head on the 0.75 
mil sample and set the meter needle to 
an arbitrary reading approximately two- 
thirds full scale by means of the “Set 
Standard’ control. Without any further 
adjustment of controls, we place the 
gauge head on each of the two remain- 
ing samples and record the meter read- 
ing. Transfer the meter readings to a 
piece of graph paper having plating 
thickness from zero to 1 mil marked off 
as the abscissa and the meter scale 
marked off from zero to 100 as the 
ordinate. We have now described a cali- 
bration curve having four ( 4 )  known 
points and a smooth curve may now be 
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GAUGE STANDARDS 

Figure 2. Cadmium Plate on Copper Basis. 

drawn through the four points. All that 
remains is to mount the sample of basis 
material and the three plated samples on 
a standard blank card and inscribe a 
meter scale on the card from data taken 
from the calibration curve. W e  can now 
measure silver plating on brass and ob- 
tain absolute readings from the meter 
scale. This is the method employed by 
BRC in establishing reference standards 
that are available as accessories. 

Measurement Of A Non-Conductive 
Film Or Coating On A 

Non-Magnetic Basis Material 

In this general classification are such 
measurements as organic and other non- 
conductive paint coatings on basis ma- 
terials of aluminum, brass, magnesium, 
titanium, etc. In fact, any insulating 
coatirig or film on a non-magnetic 

basis material can be measured easily 
and with good sensitivity with this in- 
strument. Again we must provide a 
reference standard for absolute meas- 
urements. It turns out that a refer- 
ence standard may be rather easily 
established by using known thicknesses 
of mica sheets capable of resisting de- 
formation under the gauge head. Since 
the instrument cannot differentiate be- 
tween various kinds of insulating coat- 
ings, the mica serves as a general stand- 
ard. Our field experience indicates that 
the range of thickness measurements 
between approximately 0.1 mil to sev- 
eral mils covers most cases. Figure 3 
shows a reference standard for non- 
conductive coatings on a basis material 
of brass and covers a range from zero 
to three mils. This standard was estab- 
lished in the same manner as that ex- 

i/ 

/ 

figure 3. Non-Conductive fi lm O R  Brass Basis. 
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drawn through the four points. All that
remains is to mount the sample of basis
material and the three plated samples on
a Standard blank. card and inscribe a
meter scale on the card from clara taken
from the calibration curve. We can now
measure silver pb.ting on brass and ob
rain absolute readings from the meter
scale. This is the merhod employed by
BRC in establishing reference SOlndards
that are available as accessories.

Measurement 0' A Non.Conductive
Film Or Coating On A

Non-Magnetic Blnis Matetial

In this general classification are such
measurements as organic and Other nOtl
conductive paint coalings on basis rna·
terials of aluminum, brnss, magnesium,
titanium, etc. In faCt, ;Iny insulating
coating or film on a non-magnelic'

control counterclockwise until the meter
needle reads 1.'1 mils. The instrument
has now been calibrated and is ready for
use simply by placing the gauge head on
any piece of cadmium plated copper of
the same basis material and raking the
plndng thickness reading directly from
the scale. Calibrated Standards, similar
to thnt shown in Figure 2 are available
as accessories for most non·magnetic
mernl combinations.

The manner in which II Calibr.ued
Sr:andard is es[2blished may be of inter
est. Let us aswme that a Metal Film
Gauge, Type 255-A is anilable and that
we wish to mt"aSure silver plating on
brass, which is II combination frequently
found in such fields as wllveguide, RF
fittings. etc. Let us funher assume that
we are interested in absolute plating
thickness measurementS which range
from 0.000 I" or 0.1 mil to 0.00 I" or
I mil. First. we select a sample of the
basis material (in this case, brass),
place the gauge head on this sample and
adjust the instrument to zero by the
method previously described. This estab
lishes a point (the zero point) on a
calibration curve. Next, we require
three 0) different thicknesses of the
plated material (Jet us assume 0.3 mil,
05 mil, and 0.75 mils) which have been
accur:ltely measured by another method;
chemical, optical, or X·ray etc. Using a
linear scale from 0·100 for the meter,
we place the gauge head on the 0.75
mil sample and set the merer needle to
an arbifrary reading approximately twO

thirds full scale by means of the '"Set
Sraodard" concro!. Without any funher
adjustment of controls, we place the
gauge head on each of the tWO remain
ing samples lind r«ord rhe merer read
ing. Transfer the meter readings to a
piece of graph paper having plating
thickness from zero to I mil marked off
u the abscissa and the meter scale
marked off from zero to 100 as the
ordinate. We have now described a cali·
bration curve having four (4) known
points and a smooth curve may now be

2
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plained for silver on brass except that 
mica was used in place of known thick- 
nesses of non-conductive coatings. It 
turns out that only one reference stand- 
ard is required for many non-conductive 
coatings. In Figure 3 the basis material 
is brass. However, this same standard 
with its inscribed meter scale is used for 
non-conductive coating on basis ma- 
terials of aluminum, magnesium, tita- 
nium, etc. It is only necessary to place 
the gauge head on the basis material and 
adjust the instrument to zero when 
changing from one basis material to 
another. 

Conductive Layer On An 
insulating Basis Material 

In this category fall such combina- 
tions as copper flashing on a phenolic 
basis material, gold on quartz or glass, 
chrome on steatite, etc. Here the gauge 
head is placed on the insulating material 
and the meter zeroed as before. A stand- 
ard is established with three known 
thicknesses of the conductive coating in 
the same manner as previously described. 
Limiting factors are very thin insulators 
coated on both sides and an extremely 
thin film of conductive coating which is 
under 1000 Angstrom units in thickness. 

Magnetic Materials 

Plating thickness on magnetic basis 
materials may be checked provided that 
the magnetic characteristics are homo- 
geneous. This is a very broad term and 
is contingent upon many factors. The 
test for this condition is very easily 
made with the Metal Film Gauge, how- 
ever. Simply place the gauge head on a 
sample of the magnetic material and 
adjust the meter to read zero. Now move 
the gauge head around on the sample 
(and other samples) to see if the zero 
point remains reasonably constant. If it 
does, plating thickness can be measured. 
If it does not remain constant, plating 
cannot be megsured. Many of the bet- 
ter grades of steel, for example, exhibit 
this constant zero characteristic. Since 
the instrument is sensitive to changes 
in magnetic characteristics and changes 
in electrical conductivity, this feature 
leads naturally to the next application. 

Sorting And Matching Of Materials 

In some applications it is important 
that materials exhibit the same electrical 
and magnetic properties. The Metal 
Film Gauge, Type 255-A is a valuable 
tool in checking electrical conductivity 
and matching materials according to 
their magnetic properties. No standard 
other than a sample of material known 

- 

Figure 4 .  Jig and Fixfure Combination. 

to exhibit the desired characteristics is 
required here since we are interested 
only in relative readings. For sorting 
according to electrical conductivity, the 
“Set Base” control could be calibrated 
in conductivities in place of a linear 
scale from 0-100, and materials sorted 
accardingly. For matching magnetic 
properties it is only necessary to place 
the gauge head on a sample of the ma- 
terial, establish an arbitrary reading on 
the meter and match materials accord- 
ing to the deviation from the arbitrary 
setting on the meter scale. It i s  also pos- 
sible to check the degree of annealing 
in such metals as steel, berylium, etc. 
Since the annealing process electrically 

“softens” the material, an arbitrary 
meter reading can be established with 
the gauge head on a sample of untreated 
material, and the deviation noted when 
the gauge head is placed on the annealed 
samples. 

Measuring Irregular Surfaces 

The gauge heads which are furnished 
with the instrument were designed for 
measurements on either flat or cylindri- 
cal surfaces with relatively large di- 
ameters. The instrument is not limited 
to this kind of surface area however, 
and other geometrical configurations 
may be handled provided there is at 
least 3/s“ of continuous surface area 
available. The problem is best handled 
by providing a jig or fixture for holding 
the probe itself (which can be removed 
from the gauge head) and, if necessary, 
a holding fixture for the part to be 
measured. Figure 4 is a sketch of one 
possible way in which the jigging prob- 
lem may be handled. It is, of course, 
necessary to establish reference stand- 
ards which have the same geometrical 
pattern. 

Standards For Production line Use 

When the Metal Film Gauge, Type 
255-A is used on a production line, the 
reference gauge standards usually take 
a form similar to that shown in Figure 
5. Here we are interested in a “Go-No- 
Go” type of test rather than absolute 
measurements. In this case let us as- 
sume that we are concerned with meas- 
urements of a plating or coating thick- 
ness the acceptable limits of which have 
been specified as 0.6 to 1.2 mils. Two 
samples of the coated or plated- ma- 
terial - one representing a maximum 
thickness and the other a minimum 

Figure 5 .  Production Card f o r  “Go-No Go“1est.  
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plained for silver on brass except that
mica was used in pbce of known thick
nesses of non-condunjve cootings. It
turns Out that only one reference stand·
ard is required for many non-conductive
coatings. In Figure 3 the basis material
is brass. However, this same standard
with irs inscribed meter scale is used for
non-conductive coating on basis mao
rerials of aluminum, magnesium, tita
nium, erc. It is only necessary to place
the gauge head on rhe basis material and
adjust lhe instrument to zero when
changing from one basis material to

another.

Conductive Loyer On An
Insuloting Bosis Moteriol

In this category fall such combina·
tions as copper flashing on a phenolic
basis matetial, gold on quartz or glass,
chrome on sreatire, ere. Here the gauge
head is placed on the insulating material
and the meter zerae<! as before. A stand
ard is established wirh three known
thicknesses of the conduCtive coating in
the same manner as previously described.
Limiting faaors are very thin insulawrs
coated on both sides and an extremely
thin film of conductive coating which is
under 1000 Angstrom units in thickness.

Mognetic Moteriols

Plating rhickness on magnetic basis
materials may be checked pwvidcd that
the magnetic charaCteristics are homo
geneous. This is a vcry broad term and
is contingent upon many facwrs. The
resr for this condition is very easily
made wirh the Metal Film Gauge, how·
ever. Simply place the gauge head on a
sample of rhe magnetic material and
adjust the meter w read zero. Now move
the gauge tJead around on the sample
(and other samples) to see if the zero
point remains reasonably constant. If ir
does, plating thickness can be measured.
If it does nOt remain constant, plating
cannot be ITICllsured. Many of the bet
ter grades of steel, for example, exhibit
this consrant zero characteristic. Since
the instrument is sensirive to changcs
in magnetic characteristial and changes
in electrical conductivity, this feature
leads naturally to the next application.

Sorting And Matching Of Moteriols

In some applications it is important
lhat materials exhibit rhe same electrical
and magnetic properties. The Metal
Film Gauge, Type 25S-A is a valuable
rool in checking electrical conductiviry
and matching materials according to

their magnetic properties. No standard
other than a sample of material known

F"

I'
, ~..

'\
PROBE",

J
..------ ~

'~

I"
V

----
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to exhibit the desired characteristics is
required here since we are interested
only in relative readings. For sorting
according to elecuical conductivity, the
"Set Base" control could be calibrated
in conductivities in place of a linear
scale from 0-100, and materials sorred
accoldingly. For matching magnetic
properties it is only nccc!>Sary to place
the gauge head on a sample of rhe ma
terial, establish an arbitmry reading on
the mcrer and match materials accord·
ing to the deviation from the arbitrary
setting on the meter scale. It is also pos
sible to check the degree of annealing
in such metals as steel, berylium, ete.
Since the annealing process electrically

"softens" the material, an arbitrary
meter reading can be established with
the gauge head on a sample of untreated
material, and the deviation noted when
the gauge head is placed on the annealed
samples.

Measuring Irregular Surfoces

The gauge heads which are furnished
wirh the instrument were designd for
measurements on either flat or cylindri
cal surfaces with relatively large di·
ameters. The instrument is nOt limited
to this kind of surface area however,
and other geometrical configurations
may be handled provided there is at
least 'MI" of continuous surface area
available. The problem is best handled
by providing a jig or fixture for holding
the probe itself (which can be removed
from the gauge head) and, if necessary,
a holding fixture for the part to be
measured. figure 4 is a sketch of one
possible way in which the jigging prob
lem may be handled. It is, of course,
necC!>Sary to establish reference stand
atds which have the same geometrical
pattern.

Stondards For Production Line Use

When the Metal Film Gauge, Type
2SS·A is used on a production line, the
reference gauge srandards usually take
a form similar to that shown in Figlue
S. Here we are interested in a "Go-No
Go" type of test rather than absolute
measurements. In this case Jet us as
sume that we are concerned with meas
urements of a plating or coaring thick
ness the acceptable limits of which have
been specified as 0.6 to 1.2 mils. Two
Sftmplcs of the coated or plated - ma
terial - one representing a maximum
thickness and the other a minimum
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thickness - are mounted on a sample 
card along with a sample of the basis 
material. The gauge head is placed on 
the basis material and the instrument 
adjusted to read “zero” on the meter 
scale by means of the “Set Base” control. 
The gauge head is now placed on the 
maximum thickness sample and an arbi- 
trary meter reading of approximately 
3/4 full scale is established by means of 
the “Set Standard” control. This spot on 
the meter scale should be marked on the 
scale since it represents the upper limit 
- in this case 1.2 mils. Without any 
further adjustment of controls, place 
the gauge head on the minimum thick- 
ness sample and mark the spot where 
the needle falls on the meter scale. W e  
have now established the two limit 
points, and this portion of the meter 
scale can be marked off in a suitable 
contrasting color. This type of measure- 
ment greatly simplifies making a gauge 
standard and provides the production 
line with a tool it can use rapidly with 
a minimum of indoctrination. 

Increasing The Sensitivity 

In the case of extremely thin films 
the apparent, or usable, sensitivity of 
the instrument is sometimes greatly re- 
duced. A technique has been developed 
which somewhat improves the condi- 
tion. As an example, consider the meas- 
urement of a thin layer of gold, silver, 
etc., on a basis material such as glass or 
ceramic. Under certain conditions it will 
be found that when the gauge head is 
adjusted to read zero on the sample of 
glass or ceramic and is placed on the 
gold or silver coating, the meter needle 
will move only a short distance away 
from its zero point even with the “Set 
Standard’ control tuned to its maximum 
clockwise position. This loss in apparent 
sensitivity limits our range of thickness 
measurements and the readable ac- 
curacy because of the small spread in 
meter movement. This condition can be 
improved by adjusting the gauge head 
to read zero on the coated sample in- 
stead of on the basis material. The in- 
strument will now read any deviation 
from this thickness as the gauge head is 
placed on other samples of the coated 
material. However, care must be ex- 
ercised in this technique. The instru- 
ment includes a rectifier which is de- 
signed to always read deviations in the 
same direction on the meter. Suppose 
we zero the meter on a coated sample 
which is known to be 0.02 mils in 
thickness. Further suppose that we next 
measure a coated sample which is 0.015 

ess. W e  will read a cer- 
on the meter scale. Now, 

SILVER PLATE ZINC 

Figure 6 .  Cross-Section View of Multi-Layer 
Sample. 

measure a sample which is 0.025 mils 
in thickness. The deviation read on the 
meter scale will be identical with that 
read on the 0.015 mil sample. If one is 
aware of this source of error the tech- 
nique is very useful since it has the 
effect of “spreading out” the readings 
on the scale. Therefore, when the zero 
point is established on a plated sample, 
care must be taken that all subsequent 
measurements are made on samples 
which are all thinner in plating or all 
thicker in plating in order that an 
amgibuity is not introduced. 

Multi-layer Measurements 

In instances where there is more than 
one layer of plating material, there are 
several ways in which the desired thick- 
ness measurements can be made. Some- 
times a “flashing” of rhodium or silver 
is plated on a basis material before the 
final coating is applied. Figure 6 repre- 
sents such a case. Here the basis metal 
is brass with a “flashing” of zinc and 
a plating of silver. If it is desired to 
measure the thickness of the flashing 
this must be accomplished in the usual 
manner before the silver plating is ap- 
plied. If the zinc coating is reasonably 
constant and it is desired to measure 
only the silver plating the gauge head 
may be placed on the brass and the 
meter adjusted to zero. The gauge head 
may then be placed on the silver plated 
sample and the instrument will then 
measure the combined thickness of both 
the zinc and the silver. Subtracting the 
constant thickness of zinc yields the 
thickness of silver plating. Any error 
introduced by this method will ordi- 
narily be small since the ratio of silver 
plating to the zinc “flashing” is ordi- 
narily large. However, 
eliminated completely by zeroing the 

gauge head on the zinc instead of on 
the brass. This has the effect of “wash- 
ing out” any discrepancies in the zinc 
“flashing”. All multi-layer platings may 
be handled by this general approach. 

Selection Of Proper Gauge Head 

The foregoing discussion applies to 
either of the two gauge heads which 
are furnished with the Metal Film 
Gauge, Type 255-A. One of the gauge 
heads operates at a frequency of 500 kc 
while the other operates at 8 mc. These 
are coded red and white respectively. 
The gauge head to be used should be 
chosen according to the thickness of the 
coating and composition of the film- 
basis combination to be measured. In 
general, a thin coating requires use of 
the white, or 8 mc, gauge head. Coat- 
ings of lower conductivity also require 
the white gauge head while those of 
higher conductivity with comparable 
thickness and having the same basis 
material require the use of the red, or 
500 kc, gauge head. 

Summary 

The Metal Film Gauge, Type 255-A 
provides a fast, accurate, and non- 
destructive method for the measurement 
of plating thickness of non-magnetic 
material combinations. Of particular in- 
terest is its ability to measure the thick- 
ness of non-conductive films in the pro- 
tective coating field. Other applications 
include the sorting of materials accord- 
ing to their electrical conductivities, the 
matching of magnetic properties, and 
the effect of the annealing process on 
metals. 
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measure a sample which is 0.025 mils
ill thickness. TIle deviation read on the
meter scale will be identical with rhat
read on the 0.015 mil sample. If one is
aware of this source of error the tech
nique is very useful since it has the
effe<:t of "spreading out" the readings
on the scale. Therefore, when the zero
point is esrablished on a plared sample,
care must be taken that all subsequent
measurementS arc made on samples
which are all thinner in plating or all
thicker in plating in order that an
amgibuity is not introduced.

Multi-Layer Measurements

In instances where there is more than
one layer of plating material, there are
several ways in which rhe desired thick
ness measurcmems can be made. Some
rimes a "flashing" of rhodium or silver
is platf"<! on a basis material before the
final coating is applied. Figure 6 repre
sents such a case. Here the basis metal
is brass with a ··f1ashing" of zinc and
a plating of silver. If it is desired to
measure the thickness of the flashing
this must be accomplished in the usual
manner before the silver plating is ap·
plied. 1£ the zinc coating is reasonably
COnstant and ir is desired to measure
only the silver plating rhe gauge head
may be placed on the brass and the
meter adjusted to zero. The gauge head
may then be placed on the silver plated
sample and rhe instrument will rhen
measure the combined thickness of both
rhe zinc and the silver. Subuaning lhe
conStallt thickness of zinc yields the
thickness of silver plating. Any enor
inuoduced by this method will ordi
narily be smaJl since the ratio of silver
plating to the zinc "flashing" is ordi
narily lar,ge. However, this error may be
elimin:lted completely by zeroin~ the

gauge head on the zin.: instead of on
the brass. This has the effect of "wash
ing out" any discrepancies in the zinc
"flashing". All multi-layer platings may
be handled by this general approach.

Selection Of Proper Gauge Head

TIle foregoing discussion applies to

eithcr of lhe twO gauge heads which
arc furnished with the Metal Film
Gauge, Type 2SS-A. One of [he gaugc
heads operates at a frequency of 500 kc
while the other operates at 8 me. These
are coded red and white respectivcly.
The gauge head to be used should be
chosen according ro the thickness of the
coating and composition of the film
basis combination to be measured. In
general, a thin coating requires use of
the white, or 8 mc, gauge head. Coat
ings of lower conductivity also require
the white gauge head while those of
highcr conductivity with comparable
thickness and having the same basis
material require the use of the red, or
500 kc, gauge head.

Summary

The Metal Film Gauge, Type 2SS-A
provides a fasl, accurare, and non
destructive method for [he measuremenr
of plating thickness of non-magnetic
material combinations. Of particular in
terest is its ability to measure the thick
ness of non-conductive films in the pro
te<:tive coaring field. Othet applications
include the sorting of materials accord
ing to their electrical conductivities, the
matching of magnetic properties, and
the effect of the annealing process on
metals.
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radar work as a member of the U. S.
Air Force. Since joining the staff of
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problems and spet:ial applications of
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SILVER PLATEthickness - are mounted on a sample
card along with a sample of the basis
marerial. The gauge head is placed on
the basis m:tferial and the instrument
adjusted to read "zero" on the meter
scale by means of the "Set Base" COntrol.
The gauge head is now placed on the
maximum thickness sample and an arbi
trary meter reading of approximately
% full scale is established by means of
the "Ser Standard" COntroL This spot on
the meter scale should be marked on the
scale since it represents the upper limit
- in this case 1.2 mils. Without any
further adjuslmem of conuols, place
the gauge head on the minimum thick
ness sample and mark the spot where
the needle falls on the meter scale. We
have now established the twO limit
pointS, and this portion of the meter
scale can be marked off in a suitable
conuasting color. This type of measure
ment greatly simplifies making a gauge
standard and pro\'ides the produCtion
line with a tool it can use rapidly with
a minimum of indoctrination.

Increasing The Sensitivity

In the case of extremely thin films
the apparent, or usable, sensitivity of
lhe instrument is sometimes greatly re
duced. A rc:.-chnique has been developed
which somewhat improves the condi
tion. As an example, consider the meas
urement of a thin layer of gold, silver,
etc., on a basis material such as glass Ot
ceramic. Under certain conditions it will
be found that when the gauge head is
adjuSted to read zero on the sample of
glass or ceramic and is placed on the
gold or silver coating, the meter needle
will move only a shon distance away
from its zero point even with the "Set
Standard" control tuned to its maximum
clockwise position. This loss in apparent
sensitivity limits our range of thickness
measurements and the readable ac
curncy because 01 the small spread in
meter movement. This condition can be
improved by adjusting the gauge head
to read zero on the coated sample in
stead of on the basis material. The in
srrument will now r,--ad any deviation
from this thickness as lhe gauge head is
placed on othcr samples of the coated
material. However, care must be ex
ercised in this technique. The insttll
mem includes a rectifier which is de
signed to always read deviations in the
same direction on the meter. Suppose
we zero the meter on a coated sample
which is known to be 0.02 mils in
thickness. Further suppose that we next
measure a coatcd sample which is 0.015
mils in thickncss. We will read a cer
tain deviation on the meter scale. Now,
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L’ 
A VHF 

The 202-E FM-AM Signal Generator, 
covering the frequency range of 54 to 
216 mc, incorporates many of the feat- 
ures most desired in a VHF signal gen- 
erator; some of the more prominent of 
these being the high degree of stability 
of the r-f carrier frequency, the constant 
frequency deviation sensitivity with re- 
spect to the carrier frequency, the ability 
to deviate the carrier either plus or 
minus by known increments, and the 
continuously variable, calibrated output 
attenuator system. 

How these features are realized is 
most easily explained by a discussion, in 
short, of how the instrument is con- 
structed and of how it functions. 

General Features 

Outwardly the instrument is com- 
posed of two units, the signal generator 
proper and its power supply, shown 
(with accessory 207-E Univerter ) in 
figure 1. The design of the cabinets is 
such that the instrument may be used 
as conventional bench equipment or 
by simply removing the cabinet end- 
bells, it may be mounted in a standard 
19 inch rack as shown. All operating 
controls and indicators are functionally 
located on the front panels and those 
which are calibrated are direct reading. 

The heart of the 202-E Signal Gen- 
erator is, of course, the RP Assembly, 
shown less shielding in figure 2. The 
rugged construction of the supporting 
frame and the close mechanical toler- 
ances applied to the four section variable 
capacitor are in part responsible for 
the high degree of stability of the r-f 
frequency. 

Functional Description 

Referring to the simplified schematic 
diagram of the RF assembly, figure 3, 
the functions of the various circuits is 
more readily understood. For FM, an 
audio voltage is applied directly to the 
grid of the reactance tube. The react- 
ance modulator operates as a control- 
lable inductance in parallel with the 
tuned circuit of the r-f oscillator and 
provides from 0 to k 2 4 0  kc deviation 
of the generator output frequency. The 
deviation is monitored by the front 
panel modulation meter. To produce 
constant frequency deviation sensitivity 

i/ 

FM-AM Signal Generator System 

JAMES E. WACHTER, Projec t  Elzgilzeer 

Figure 1. 
with Accessory Univerter, Type 207-E. 

The RF Signal Generator, Type 202-E 

over the tuning range of the oscillator, 
the amount of inductance injected by 
the reactance tube is made to vary di- 
rectly as the oscillator frequency. This 
is accomplished by the phase-shifter 
network composed of R1, R2, C1 and 
the reactance tube grid to cathode ca- 
pacitance and grid to plate capacitance. 
The attenuation of this network in- 
creases as the oscillator frequency in- 
creases causing the degree of modulation 

Figure 2. RF Assembly, Showing Supporting 
Frame and Slotted Rotor of Deviation Capacitor. 
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effected by the reactance tube to de- 
crease with frequency so as to maintain 
constant deviation. To account for vari- 
ations in components and to provide a 
precise deviation calibration, C1 is 
ganged to the oscillator tuning capaci- 
tor and is adjusted over the entire tun- 
ing range for the desired constancy of 
deviation. 

The deviation sensitivity of the FM 
modulation system, as a function of fre- 
quency, is flat to within I+1 db from 
30 cps to 200 kc. and the overall FM 
distortion at 75 kc deviation is less 
than 2%. 

D-C signals from a battery source 
(for maximum stability) may also be 
applied to the grid of the reactance 
tube to shift its operating point and 
thus shift the oscillator frequency by 
discrete amounts, either plus or minus. 
Control is effected by operation of a 
front panel switch and associated pre- 
cision resistors. By this method the out- 
put carrier fiequency may be shifted in 
steps of +-5, 10, 15, 20, 25, 30, 50 and 
60 kc on the 108-216 rnc range and half 
of these values on the 54-108 mc range. 
The relative accuracy of the steps is 
21.5%. Because of the low current 
drain, the life of the battery is equiva- 
lent to its normal “shelf life”. An un- 
calibrated fine tuning control, operat- 
ing in conjunction with this incremental 
tuning circuit permits continuous tuning 
over a range of about 20 kc on the high 
frequency range and 10 kc on the low 
hequency range. 

The r-f oscillator is a conventional 
tuned plate triode oscillator circuit 
covering the frequency range of 27 to 
54 mc. The circuit is properly com- 
pensated for minimum drift and is 
tuned by variable capacitor C2, which 
is adjusted for an output frequency ac- 
curacy of * 1%. 

The oscillator output is applied to a 
self-biased class C frequency doubler, 
which makes possible the low oscillator 
frequency range and also provides the 
required isolation between the oscil- 
lator and the output stage necessary for 
the desired frequency stability of 0.01% 
per hour. 

The output stage operates class C and 
functions as an amplifier for the low 
frequency range of 54 to 108 mc, and 
as a frequency doubler for the high 
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A VHF FM-AM Signal Generator System

JAMES E_ WACHTER, Project Engineer

The 202-E FM-AM SIgnal Genetaror,
covering the frequency range of 54 ro
216 me, incorponues many of the feat
ures most desired in a VHF signa.! gen
eta[Qr; some of the more promincot of
these being rhe high degree of sr.abiliry
of the r-f carrier frequency, the constant
frequency deviation sensitiviry with re
spect: [Q the carrier frequency, the ability
fO devine the carrier e..ithe:r plus OJ"

minus by known increDleflts, and the
cominuously variable, calibnued OUtput
anenuaror system.

How these fearures are tealized is
most easily explained by a discussion, in
short, of how [he instrument is con·
Structed Ilnd of how it fulletions.

Generol Feotures

Outwardly the instrument is com
posed of twO units, rhe signal generator
proper and its power supply, shown
(wirh accessory 207-£ Univena) in
figure 1. The design of the cabinets is
such that the insuumem may be used
as conventional bench equipment or
by simply removing the: cabinet end
bells, it may be mounted in a standard
19 inch rack as shown. All operating
controls and indica[QtS are functionally
located on the front panels and those
which are calibfluoo are direct reading.

11lC heart of the 202·E Signal Gen
erator is, of course, the RF Assembly,
shown less shielding in figure 2. The
rugged conStlucdon of the supporting
frame and the close mechanical tOler·
ances applied to the four section variable
capaciror are in part responsible for
the high degree of stability of the r-f
frequency.

Functionol Description

Referring to the simplified schematic
diagram of the RF assembly, figure 3,
the functions of the various circuits is
more readily understood. For FM, an
audio volrage is applied dirccrly to the
grid of the tcaet:lnce tube. 11le react
ance modulator operates as a cOlluol
lable inductance in parallel widl. the
runed circuit of the r·f oscilb.tor and
provides from 0 to ±240 kc deviation
of the gener:uor OUtput frequency. The
deviation is moniwred by the front
panel modulation merer. To produce
constant frequency deviation sensitivity

lig.". I. TIle IF Sig"..' G.... , .. , .... r~pe 202,(
wi'" A<u......, U"i..."." r~pe 207..(.

over the tuning range of the oscillator,
the amount of inductance injcnoo by
the reacrance tube is made w vary di
rectly as rhe oscillator frequency. This
is accomplished by the phase-shifter
network composed of RI, R2, CI and
the reaCtance tube grid to cathode ca
pacitance and grid to plate capacit:lnce.
The attenuation of this nctwork in
creases as the oscillator frequency in·
creases causin~ the de/ol;ree of modulation

fi,..re 2. U A mbty, 510_;"11' s..p",,"i"l1
I ....,.,• ...... SIoII 1I00......f 0...10,10" COpo<iI'OI.
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eHeered by the reaCtance rube to de
crease with frequency so as to maimain
constam deviation.. To account for vari
ations in componentS and w provide a
precise deviation calibration, Cl is
ganged to the oscillator tuning capaci.
lOr and is adjusted over rhe emire tun·
ing range for the desired constancy of
deviation.

The deviation sensitivity of tbe FM
modub.tioo system, as a function of fre
quency, is flat to within ±1 db from
30 cps to 200 ke. and the overall FM
distortion It 75 kc deviation is Ittt
than 2%.

D-C signals from a barrery source
(for maximum stability) may also be
applied to the grid of the reacrance
tube to shift its operating point and
thus shift rhe oscillator frequency by
discrete amountS, either plus or minus.
Control is eHeered by operation of a
front panel switch and associated pre
cision resistors. By this method rhe OUt·
put cartier frequency may be shifted in
steps of ±5, 10, 15,20,25,30,50 and
60 kc on the 108-216 mc range and half
of these values on the 54-108 mc range.
The relative accuracy of the steps is
± 15%. Because of the low current
drnin, the life of the barrery is equiva
lent to its normal "shelf life". An un·
calibrated fine tuning control, operat
ing in conjunction with this incremental
tuning circuit permits continuous tuning
over a range of about 20 kc on the high
frequency range and 10 kc on the low
frequency range.

The r-f oscillator is a conventional
tuned plate mode oscillator circuit
covering the frequency range of 27 to
54 mc. The circuit is properly com·
pensated for minimum drift and is
tUned by vuiable capacitOr C2, which
is adjusted for an OIltpUt frequency ac
curacy of ± 1%.

The oscillatot OUtput is applied to a
self·biased class C frequency doubler,
which makes possible the low oscilhuor
frequency range and also provides the
required. isolation between die oscil·
lator and the OIlrput stage n~es.sary for
the desired frequency stability of 0.0 I%
JX':r hour.

The OUtput stage operates class C and
functions as an amplifier for the low
frequency tange of 54 !O 108 me, and
as a frequency doubler for the hi~h
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frequency range of 108 to 216 mc. This 
change in operation is accomplished by 
operating the front panel range switch, 
which grounds either of two taps on the 
output tank coil. In one position the in- 
ductance of the coil is such that the 
tank circuit is resonant at the funda- 
mental frequency of the previous stage 
and in the other position the inductance 
is such that the tank is resonant at the 
second harmonic of the frequency of 
the previous stage. Damping of the out- 
put tank circuit is sufficient to reduce 
spurious signals to more than 30 db 

microseconds, and the decay time is less 
than 8 microseconds. 

A piston type, mutual inductance at- 
tenuator having an internal impedance 
of 50 ohms, is coupled to the output 
tank circuit to provide continuously 
adjustable attenuation. Because the rate 
of attenuation is a function of the inner 
diameter of the attenuator tube, this 
attenuator can be made to be quite ac- 
curate. With the 50 ohm terminated 
cable, type 501-B, (supplied with the 
instrument) attached to the 202-E out- 
put jack, the attenuator dial indicates, 

Figure 3. 202-E Simplified Schemaric Diagram. 

below the desired signal and to restrict, 
to about 296, the amplitude modulation 
present at 75 kc deviation. 

Up to 50% amplitude modulation is 
possible by modulating the screen cir- 
cuit of this final r-f stage and is moni- 
tored by the front panel modulation 
meter. The modulating power required 
for this being comparable to that needed 
for frequency modulation, the same R-C 
audio oscillator is used for both types 
of modulation. The distortion of a 50% 
AM modulated signal is less than 8% 
and due to the buffer action of the 
doubler stage, the spurious frequency 
modulation is held to a minimum. The 
amplitude modulation system is flat to 
within -+I db from 30 cps to 200 kc. 

Pulse Modulation 

Square wave or pulse modulation of 
the 202-E is also possible by connecting 
an external modulation source through 
the front panel jack to the screen of 
the final stage. When this connection is 
made, the modulation meter and screen 
circuits are disconnected. Under these 
conditions the rise time of the mod- 
ulated carrier envelope is less than 0.25 

to an accuracy of about +-IO%, the 
voltage at the cable termination. (The 
generator open circuit output voltage 
is given by twice the attenuator dial 
reading). The attenuator dial is cali- 
brated with two equivalent scales, 0.1 
to 2000 microvolts and 140 to 14 db 
below 1 volt. 

Simultaneous FM and 
A M  Modulation 

Simultaneous FM and AM modula- 
tion may be obtained from the 202-E 
by using an externally connected, low 
distortion, audio oscillator to provide 
the FM modulating signal and the in- 
ternal audio oscillator for the AM mod- 
ulating signal. The only requirement is 
that the external oscillator be capable 
of providing about 5 volts across 1500 
ohms, the FM requisite for 240 kc de- 
viation. In use the external oscillator 
is connected to the front panel FM 
binding posts and the 202-E modulation 
selector set to AM; the modulation 
meter can be switched from AM ro FM 
and the levels of each type of modula- 
tion independently set. 

It might be noted here that the in- 

ternal audio oscillator provides the fol- 
lowing frequencies to an accuracy of d 
2 5 % :  50, 100, 400 cps, 1, 5 ,  7.5 and 
10 kc. In addition, a 60 kc signal ac- 
curate to -+2% is available specifically 
for use in calibrating the d-c incre- 
mental frequency circuit. 

All electrical connections to the 
shielded RF Assembly, excepting that 
to the output attenuator, are made 
through a low-pass filter, which pre- 
vents stray r-f currents from escaping 
from the RF Assembly. 

The voltages supplied from the power 
supply are all d-c and those for use in 
the RF assembly are regulated. The 
power supply operates from 105-125 
volts, 50-60 cps. 

Frequency Converting Accessory 

The 207-E Univerter is a unity gain 
frequency converter designed to pro- 
vide frequency coverage below the range 
of the 202-E Signal Generator. When 
used in conjunction with the 202-E, 
the Univerter covers the range of 0.1 
to 55 mc; and the two instruments give 
complete coverage from 0.1 to 216 mc. 

The 207-E matches the 202-E in ap- 
pearance (figure 1) and may also be 
used either as bench type equipment or 
rack mounted. All controls and input 
and output connectors are located on 
the front panel. 

To use the 207-E it is only neces- 
sary to connect the 501-B output cable 
to the Univerter unity gain output and 
connect the Univerter input to the 
202-E Signal Generator output, using 
the 502-B patch cord supplied with the 
Univerter. Connected in this manner 
the 207-E Univerter does not appreci- 
ably alter the FM and AM character- 

Figure 4.  207-E Block Diagram. 

istics of the 202-E Signal Generator. 
A 20 db attenuation pad, Type 509-B, 

is supplied with the Univerter for use 
where the signal level required is low 
compared to the constant noise level of 
the Univerter. Used at the output of the 
207-E, the pad attenuates both signal 
level and constant noise level, thus per- 
mitting the use of a higher input signal 
.and improving the signal to noise ratio. 

6 

BOONTON RADIO CORPORATION

frequency range of 108 to 216 mc. This
ch:lnge in opemcion is accomplished by
operating the from panel range swioch,
which grounds dther of twO taps on the
OUtput tank coil. In one position the in
ductance of the coil is such that the
rank circuit is resonant at the funda
mental frequency of the previOlIs stage
and in the Ot:her position the induCtance
is such that the rank is resonant al the
second harmonic of the frequency of
the prcviOlIs Stl:ge. Damping of die OUt·
put rank circuit is sufficient to reduce
spurious signals to more than 30 db

microseconds, and the decay time is less
than 8 microseconds.

A piston type, mutual inductance at·
tenuatOr having an inrernal impedance
of 50 ohms, is coupled to Ihe OlItpUt
tank circuit to provide continuously
adjustable attenuation. Jk.causc the rate
of attenuation is a function of the inner
diameter of the attenuator rube, this
attcnualOt Cln be made to be quite ac
curate. With the 50 ohm terminaled
cable. type 501-8, (supplied with the
instrument) attached 10 Ihe 202-E OlIt
put jack, the aucnuator dial indicatcs,

ternal audio oscillator provides the fol
lowing frequencies to an accuracy of .........;
±5%: 50, 100,400 cps, 1, 5, 7.5 and
]0 kc. In addition, a 60 kc signal ac
curate to ±2% is available specifically
for use in calibrating the d-c incre
mental frequency circuil.

All cJecuica.1 conneaiOllS to rhe
shielded RF Assembly, excepring that
to the OlItpUt attenualor, are made
through a lo......pass filter. which pre
ventS stray r-f currentS from escaping
from the RF Assembly.

The voltagcs supplied from the power
supply are all d-c and Ihose for usc in
the RF assembly are regulated.. The
power supply operares from 105-125
volts, 50-60 cps.

Frequency Converting Accessory

The 207-E Univurer is a uniry gain
frequency convener designed to pro
vide frequency covenge below the range
of the 202-E Signa.! Generator. When
used in conjunction with the 202-E,
the Univener covers the range of 0.1
to 55 me; and the twO instruments give
complete coverage from 0.1 10 216 me.

The 207-E matches Ihe 202-E in ap
pearance (figure I) and may also be
used either as bench rype equipment or
rade mounted. All controls and input
and OUtput conneaors are located on
the front panel.

To usc the 207-E it is only neces·
sary to connea the 501·8 OUtput cable
to the Univerrer uniry gain OutpUl and
connect Ihe Univerrer input to Ihe
202-E Signal Generator output, using
Ihe 502-B patch cord supplied with the
Univcltcr. Connecled in Ihis manner
the 207-E Univerter does not appreci
ably alter the FM and AM character-

lSIlCS of the 202·E Signal Generator.
A 20 db attenuation pad, Type 509-B.

is supplied with (he Unive!"ter for usc
where the signal level required is low
compared to th~ consrafll noise level of
the Univerter. Used al die OUtput of the
20].E, Ihe pad attenuates both signal
level and constant noise le\'d, thus per
mitting the use of a higher input signal
.and improving the signal to noise ratio.
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to an accuracy of about ±10%, the
voltage al Ihe cable termination. (The
generator open circuic OUtput voltage
is given by twice the aru:nuator dial
reading). The attenuatOr dial is cali
brated with rwo equivalent scales, 0.1
to 2000 microvolts and 140 to 14 db
below I voIr.

Simultaneous FM and
AM Modulation

Simultaneous EM and AM modula
tion may be obtained from the 202-E
by using an externally connected, low
distortion, audio oscillatOr to provide
the FM modulating signal and the in·
ternal audio oscillator for the AM mod
ulating signal. The only requirement is
that the external oscill:llor be capable
of providing about 5 volts across 1500
ohms, Ihe FM requisite for 240 kc de
viatiOIL In use rhe external oscillator
is connected to the froo r panel FM
binding posts and the 202·E modulation
selector sct 10 AM; the modulation
meter can be switched from AM 10 FM
and the levels of each type of modula·
tion independently set.

h mighr be not~ here that me in·
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below the desired signal and to restrict,
to about 2%, the amplitude modulation
present at 75 kc deviation.

Up 10 50% amplitude modulation is
possible by modulating the screen cir
cuit of Ihis final r·f stage and is moni
IOred by the frOnt panel modulation
meIer. The modulating power required
for this being comparable to rhat needed
for frequency modulation, the same R-C
audio oscillator is used for both Iypes
of modulation. The distortion of 11 50%
AM modulated signal is less Ihan 8%
and due 10 the buffer aCtion of the
doubler stage, the spurious frequency
modulation is held 10 a minimum. The
amplitude modulation system is flat to
within ± 1 db from 30 cps 10 200 kc.

Pulle Modulotion

Square wave or pulse modulation of
rhe 202-E is also possible by connecting
an external modulation source Ihrough
Ihe fronr panel jade to the screen of
the final stage. \'Yhen Ihis connccrion is
made. th~ modulation merer and screen
circuits are disconnccr~. Uncler Ihese
conditions the rise time of the mod
ul:1Ied carrier envelope: is less than 0.25
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Lubrication Of Turret And Switch Contacts 

LAWRENCE 0. COOK, Quality Control Engineer 

When frequency ranges must be 
changed, as in an RF oscillator, a means 
of switching the circuits is needed. This 
is usually accomplished by means of 
movable metallic contacts. Such contacts 
normally introduce an element of unre- 
liability, &e., contact resistance uncer- 
tainty results in fluctuating oscillator 
voltage, and sometimes fluctuating fre- 
quency, which, in turn, results in un- 
stable meter readings. These effects can 
usually be minimized by the use of a 
lubricant on the contact surfaces. 

Contact Types and 
Service Conditions 

In this article we wish to discuss the 
effects of various lubricants on electrical 
measuring instrument, low -power rf 
oscillator contacts of the wiping type. 
A turret containing coils connected to 
brass pin contacts for the individual 
frequency ranges is rotated until the 
contacts for the range to be selected 
engage stationary clip contacts of beryl- 
lium copper. The clip tips wipe or rub 
opposite sides of the pin during the 
additional slight rotation of the turret 
required to reach the indexed position. 
The contacts then remain stationary 
during use until another frequency range 
is selected, Le., for a period ranging 
from a fraction of a minute to one week 
or longer. 

The circuit resistance in the instru- 
ment stability may be as low as 0.3 
ohm, hence the contact resistance sta- 
bility becomes important. 

Contact resistance stability may 
worsen when the instrument reaches an 
age of about one year. Improvement of 
a temporary nature may sometimes be 
effected by repeated operation of the 
faulty range switch (this “wipes” the 
contacts). 

Test Method 

For test purposes, two turret contact 
pins were connected together and meshed 
with two stationary contact clips. The 
clips were connected by short wire leads 
to a Wheatstone Bridge to allow meas- 
urement of the dc resistance of the re- 

i/ sulting “short-circuit” (designated as a 
“pair” in the Figures 1 and 2 ) .  Re- 
meshing and re-measurement were re- 
peated several times, the extremes of the 
resistance values being plotted. Four con- 
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Figure 1 .  A-Un-lubricated, 6-Following Lubrication, C-Following Three Months Storage, D- 
Following Eight Months Additional Storage. 
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Figure 2. A-Un-Lubricated, 6-Following lubrication, C-Following Six Months Storage. 

RF Oscillator Contact Assemblies - Contact Resistance Measurements Versus Lubricants. Plots Show 
Range of Resistance Measured for Repeated Meshing of Confacts. 
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Lubrication Of Turret And Switch Contacts

LAWRENCE O. COOK, Quality Control Engineer

When frequency ranges must be
changed, as in an RF oscillator, a means
of switctring the circuitS is nttdcd. This
is usually accomplished by ml!ans of
movable mefallic contaCtS. Such COntactS
normally intnxluce an elemem of unre
liability, i,e., COntaCt resistance uncer
tainty results in fluctuating oscillator
voltage. and sometimes f1uctuaring fre
quency, which, in rurn, results in un
stable meter readings. These effectS can
usually be minimized by the use of a
lubriant on the contaCt surfaces.
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Contact Types ond
Servjc'e Conditions

For tCSt purposes, tWO turret contace
pins were connecu~d together and meshed
with tWO stluionary contaCt dips. The
dips were connected by shOrt wire leads
to II \'V'heatstone Bridge to allow meas
urement of [he dc resisClnce of em- re-

___ suiting "shorH:ircuit" (designated as a
"pair" in the Figures 1 and 2). Re
meshing and re,measurement wete re
peared several limes. the extremes of Ihe
resistance values being ploned, Four con-

Telt Method

In this article we wish to discuss the
effectS of various lubricants on electrical
measuring instrument, low -power rf
oscillator conracts of the wiping type.
A turret containing coils connected to
brass pin contacts for the individual
frequency ranges is mated umil thC':
conractS for the range to be selected

__ engage stluionary clip conractS of beryl
lium copper. The clip tips wipe or rub
opposite sides of Ihe pin during Ihe
additional slight rotation of the eUlret
required to reach the indexed position.
The contaru then remain seationary
during use umil another frequency range
is selected, i.e" for a period ranging
from a fraClion of a minute to onc week
or longer.

The circuit resiseance in the instru
ment stability may be as low as 0.3
ohm, hence the conmct resistance Sta
bili,y becomes important.

Contact resistance stability may
worsen when the instrument reaches an
age of about onc year. Improvemcnt of
a temporary nature may sometimes be
effectr.d by repeated operation of the
faulty range switch (this "wipes" the
contacts) ,
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tact pairs were tested on each assembly. 
To determine the effect of lubricants, 

the contact resistance measurements were 
made first on dry contacts. The contacts 
were then lubricated and re-measured 
Following a prolonged period of in- 
active storage, the measurements were 
repeated. 

Test Results 

Giving preference to the lubricants 
showing consistently lower contact re- 
sistance we have summarized the test 
results on the five materials as follows. 

CONTACT 
RESISTANCE 
PREFERENCE 

1st 

2nd 
3rd 

LUBRICANT 

Lubriplate 105 
Strona HT-1 

Vaseline 
Lanolin” 

Davenoil 

Lubriplate 105 and Strona HT-1 are 
considered equal on the basis of con- 
tact resistance and both are manu- 
factured for lubricant use. Strona HT-1 
showed a slight disadvantage of “stringi- 
ness” during application. Vaseline 
showed somewhat higher contact resis- 
tance and is not manufactured for use 
as a lubricant. 

As a result of these tests made on a 
particular type of contact, our choice 
favors Lubriplate 105 and Strona HT-1, 
these materials tieing for first place. 

“Anhydrous lanolin dissolved in carbon 
tetrachloride for  ease of afifilication. 

EDITOR’S NOTE 
The prevalent attitude towards in- 

struction manuals may be neatly wrapped 
up in the cynical saw, “If all other meth- 
ods fail, recourse to an instruction 
manual may be mandatory.” Entirely 
justified viewpoint in our opinion, for 
this reason: the role and character of 
the instrument the manual is supposed 
to describe is seldom self-consciously 
considered in the preparation of the 
manual. In many cases the instrument 
in question is a piece of test equip- 
ment of which the engineer may have a 
dozen or more types. He  simply hasn’t 
the time to digest the information in 
the form in which it is presented. This 
is the decisive fact that should determine 
the kind of material, its quantity and 
arrangement, and the general format of 
the manual. 

Judging by the tome-like and over- 
blown appearance of many manuais, one 
can make better use of them as equip- 
ment props, (in many cases their only 
useful function). With such manuals, 
engineers usually wait for the moment 
just before the instrument is about to 
disappear in a cloud of smoke. In other 
cases the manual is resorted to only af- 
ter the instrument has been completely 
disassembled and lays strewn about in 
impossible confusion. 

Organization of the Material 
With the specific function of the in- 

strument held firmly in mind, the pre- 
paration of the manual can be ap- 
proached in a more confident manner. 
In general a manual of instruction for a 

piece of test equipment (which is simply , 
an electronic tool) should be prepared 
along these general guide lines: 

Instruction Manual should be divided 
into two main sections. Section one (in 
our estimation the more important of 
the two) should be as compact and ab- 
breviated as possible and subdivided in- 
to four general categories: ( 1 ) Essential 
operating information, ( 2 ) Special ap- 
plications, ( 3 ) Tabulation and location 

d 

of components most  likely to need at- 
tention, ( 4 )  Annotations copiously 
sprinkled throughout text with specific 
references to material found in the sec- 
ond half of the manual where a full and 
conventional treatment of the instru- 
ment is given. 

Such an approach separates the im- 
mediate, practical knowledge from the 
generally useful but otherwise frustrat- 
ing information. This will be greatly 
appreciated by an engineer who, for ex- 
ample, wants to find the location of a 
blown fuse in a hurry but must waste 
precious time wallowing through pages 
of extraneous material to find it. 
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IIlCt pairS were lested 00. ~h assembly.
To determine t~ dfea. or lubricants,

the comacr resisrana measu~tswere
made first on dry comaas. The contactS
were then lubricaled and re-measured
Following a prolonged period of in·
aaive ROf'lIge, the measurements were
repeatN..

of components "1011 lillel, to nC'C'd 31

lemion, (-4) Annoralions copiously
sprinkled Ihroughout rexr with Ipedfic:
referC'DCC'S ro malerial found in [he sec·
ond half of the manual where a fuJi and
conventional rrurmeru of the insuu·
menr is given.

Such an appn:xKh separates the im
mediare. practical knowledge from lhe
genenlly useful bul exherwise frusuat·
ing inform;nion. This will Ix- gready
apprec;"ted by an engineer who, foc 0:'

ample, wants to find the location or a
blown fuse in a hurry bur must waste
precious time wallowing through pages
of enraoeous malerial to find ir_

pIece of rest cquipmem (which is simply
lin electronic tOol) should be prepared
along Ihese general guide line5;

InstruCtion Manual should be divi~

intO twO main sections. Section one (in
our estioulion the more imporam of
the twO) should be as cornpur and al>
brNtued as possible and subdivided in·
ro four gc:neral categocies; (1) aJ""iaJ
operating informalion, (2) Spec;"1 ap'
plications, (3) Tabulation and location

EDITOR'S NOTE
1be prevalem attitude row:uds in·

struCtion manuals nuy be nearly wrapped
up in the cynical saw. "If all exhe! me1h
ods fai~ recourse 10 an instruoion
manual ouy be ll'W'ldalory:' Entirely
justified v~poim in our opinion. for
this reason; the role and charaCter of
the iOSU'WIlCO[ me manual is suppo5('d
ro describe is seldom self<OtUCiously
considered in the preparation of the
manual. In nuny cases tM: insuumenl
in quesrion is a piece of lesl equip'
mem of which the engineer may havC' a
dOZ('1l or more types. He simply hasn'r
lhe rime ro digesl Ihe informarion in
the form in which it is prC'St:ntC'd. This
is the decisive faCt Ihat should determine
thC' kind of material. irs quanriry and
arrangement, and the general formar of
the manual.

Judging by thC' rome-like and over·
blown appearancC' of many manuals, one
can make better use of them as equip
mem props, (in many cases rheir only
U5Cful function). Wirh such manuals,
engincen; usually wair for rhe momem
juSt beforC' the iOSlrument is about to
disappear in a cloud of smoke. In Olher
cases rhe manual is rtsOlted 10 only af·
ter rhe llstrutJlC'nt has been complelely
diussemblt'd and bys strewn about in
impossible confusion.

Organi:zation of the Material
With the spec:ific funCtion of lhe in

SUUffiC'fl1 held firmly in mind. the pr~

panuioo of the manual can be ap'
proacht'd in a moce confident manner.
In generalll. manual of instruction for a

LU8RlCANT

1"

2nd
J,d

Lubriplare 105
Srrona HT·I

Vaseline
Lanolin"

Davenoil

Lubriplate 105 and Strona HT·I are
considered equal on the basis of con-
ract resiStance and both are manu
f:acrured for lubricant use. SUODa HT-I
showt'd a slighl disadvamage of ~Sl.ringi

ness" during applicalion. Vaseline
showed sornC'Whal higher contact resis·
tana and is not: manufactured foc use
as a lubricant_

As a result of 1hesC' tesu made on a
puticubr type of conraa:, our choice
favon LubripLue 105 and Strona HT-I,
thoe m:ltC':rials ticing for firsl placC'.

Test Results

Giving preference 10 the lubricants
showing consiReruly Ipv,-er contact reo
siStllnce we have summarized the test
results on the five materials as follows.

CONTACT
RESISTANCe

PREFERENCE

S1. 'AUL 14, Min...... lo
AlfUD c.osun "'SSO'S .• INC.
"2 ,....-.. ~ ....'.r , 1011 1 , .•'5J;

SYllACUSf.·N Yo,~
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AIo•• O" Io,C_
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Techniques of Signal Generator Inspection 
LAWRENCE 0 .  COOK, Q u a l i t y  C o n t r o l  E n g i n e e r  

A signal generator provides a test 
signal oi controllable frequency, voltage, 
and modulation and may be judged in 
terms of various characteristics, such as 
frequency stability, accuracy of fre- 
quency calibration, lack of spurious fre- 
quencies, lack of incidental amplitude 
modulation or incidental frequency 
modulation, low distortion, etc. The 
relative importance of the individual 
characteristics depends greatly, of course, 
on the specific application in which the 
generator is to be used. 

Table 1 lists various signal generator 
characteristics of interest. Some items 
are primarily a fundamental character- 
istic of the design and need not be 
tested on an individual basis after the 
prototype run has been developed. Ex- 
amples of these are RF output frequency 
stability, RF output impedance, residual 
FM, and frequency response of the FM 
system. Such items need to be tested on 
only one instrument in many and fall 
logically within the scope of a Quality 
Control program. 

Other items require inspection on 
each unit, with corrective adjustments 
often being needed. Examples are RF 
output frequency accuracy, RF output 
voltage accuracy, modulation accuracy 
and harmonic distortion. These items 
are included, furthermore, in a Quality 
Control program calling for “spot 
checks”. 

We now propose to discuss some of 
the testing and calibrating procedures 
used in making certain that the desired 
characteristics are obtained in the gen- 
erators produced. These are procedures 
generally applicable to the types of 

- 
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Figure 1. Adjustment of Basic Voltage Standardization Equipment by the Author. Normalized 
Atmospheric Conditions (Temperature and Relative Humidity) for Improved Stability are Main- 
tained by Air-conditioning Equipment in Background. 

generators discussed and, in most in- 2. RF Output Voltage Characteristics: 
stances, are applicable to each unit of a 
given type. Our aim is to produce units 
which will meet and maintain closer 3. Frequency Modulation Characteris- 
tolerances than those advertised. tics: Deviation Range 0 Accuracy 

0 Distortion, harmonic Frequency 
Response 0 Residual Microphon- 
ism 0 AM on FM, spurious. 

Range Accuracy 0 Impedance. 

TABLE 1 
1. RF Output Frequency Characteristics: 

Range 0 Dial Calibration Accuracy 
0 Aicuracy, crystal standardized (in-- 
ternal) 0 Stability 0 Crystal Con- 4. Amplitude Modulation Characteris- 
trolled 0 Vernier Dial 0 Incremental tics: Range 0 Accuracy 0 Distortion, 
Frequency Switch 0 Fine Tuning harmonic 0 Frequency Response 
Control 0 Spurious Output Frequen- Phase Shift 0 FM on AM, spurious 
cies. 0 Pulse 0 Square Wave. 
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Techniques of Signal Generator Inspection
LAWRENCE O. COOK. Q ...,liI1 COHlrQl e"6;''''U
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A siF generator provides a lest
signal or conuol.lablc frequency, voltage.
and modulation and may be judged in
telms of various manneristics, such as
frequency stability, accuracy of fre
quency calibration, lack of spurious Ere
quenci~. lack of incidental amplitude
modulation or incidental frequency
modulation, low distortion, etc. The
relative imponancc of the individual
characteristics dc~nds greatly, of course,
on the specific application in which {he
generatOr is to be used

Table 1 listS various signal generator
characteristics of interest. Some items
are: primarily a fundamental chanaer
istic of the design and need nO( be
listed on an individual basis aher the
plOtOfype run has been dcvdopcd.. Ex
amples of these arc RF OUtput frequency
sr:l.bility. RF OUtput impedance, residual
FM, and frc:quency response of the FM
system. Such items need 10 be tested on
only on(' instrument in many and fall
logicaJly within the scope of a Quality
Control program.

Other items require inspe<tion on
each unit, with corrective adjustments
often being needed. Examples are RF
OUtput frequency accuracy, RF OUtpUt
voltage accuracy, modulation accuracy
and harmonic distOrtion. These items
are included, furthermore, in a Quality
Control program calling for ··spor
checks~.

We now propose to d i.scuss some of
the testing and calibrating procedures
used in making certain that the desired
characteristics are obeained in the gen
erators produced. These are procedures
generally applicable to the types of
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2_ RF Olltplll Voltage Charaetmst;cl:
Range _ Accuracy. Impedance_

3. Frequtm'1 "lodulatwn Charaelms
t;(-I: Deviation Range • Accuracy
• Disrortion, harmonic _ Frequency
Response • Residual _ Microphon
ism • AM on FM, spurious.

4. AmpUf/IfJe Modu/l4tion Ch4racreris
ticc: Range • Accuracy • Disrortion,
harmonic • Frequency Response _
Phase Shifl • FM on AM, spurious
• Pulse • Square Wavc.

gcnerators discussed and, in mosr in
stances, are lIppJiable to each unit of a
given type:. Our aim is 10 produce: uniu
which will mttt: and maintain closer
tolerances than those adv('nised.

TABLE 1

1. RF Output Prequcnry CharaeteriJ';cs:
Range • Dial Calibtation Accuracy
• Accuracy, crystal standardized. (in
ternal) • Stability • Crystal Con
trolled. Vernier Dial. Incremental
Frc:quency Switch • Fine Tuning
C:oorrol • Spurious Output Frc:quen·
,,~

,
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B O O N T O N  R A D I O  C O R P O R A T I O N  

T H E  BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
Corporation. It is mailed free o f  charge 
t o  scientists, engineers and other inter- 
ested persons in the communications 
and electronics fields. T h e  contents may 
be reprinted only with written permis- 
sion f rom the editor. Your’ comments 
and suggestions are welcome, and 
should be addressed to: Editor, THE 
BRC N O T E B O O K ,  Boonton  Radio 
Corporation, Boonton, N .  1. 

5. Internal Moddating Oscillator Char- 
acteristics: Frequencies available * 
Frequency accuracy Voltage avail- 
able externally. 

6. Modalation Characteristics, miscel- 
laneozls: External Modulation Input, 
AM External Modulation Input, 
FM Simultaneous AM and FM. 

7. Swept RF Characteristics: Range of 
Sweep Widths Linearity of Swept 
Frequency Sweep Repetition Rate 

Flatness of Swept RF Output Vol- 
tage Level. 

RF Range and Accuracy 

Frequency indicating dials, tuning 
coils, and tuning capacitors are usually 
fabricated to prescribed physical lay- 
outs and dimensions. When these uni- 
form components are installed the as- 
sembled instruments will lie “within 
calibration range” of the manufacturing 
adjustments provided. 

For calibration purposes the gener- 
ator output frequency is usually referred 
to a commercially available crystal type 
calibrator, accuracy rating k0.002 %. 
“Zero beats” are obtained at a sufficient 
number of generator dial points (usually 
6 or 8 per frequency range) to insure ac- 
curate calibration. (Individually marked 
dials must, on the other hand, be cali- 
brated and marked at each division 
line.) 

In instances where the frequency in- 
terval between “zero beat” points is very 
small in comparison to the frequency 
being checked, a “single response” type 
of frequency indicator must be used to 
determine that the correct “zero beat” 
point has been located. A simple fre- 
quency-calibrated tuned circuit and di- 
ode voltmeter (or “Megacycle Meter”) 
which may be coupled to the generator 
output and resonated at any one of the 
“zero beat” points is usually satisfactory 
for this purpose. 

The crystal-type calibrator, with its 
accuracy rating of *0.002%, offers ac- 
curacy entirely adequate for checking 
signal generators having published rat- 
ings of * O S %  or 2~0.1%. This type 
of calibrator may be checked against 

WWV if desired. 
Signal generators having crystal con- 

trolled output frequencies arc checked 
for accuracy against specially built 
crystal calibrators which are adjusted 
against WWV. 

RF Output Voltage Range 
and Accuracy 

In instrument production assurance of 
the proper voltage range and accuracy 
usually involves a measurement of out- 
put voltage at a high voltage level, and 
assurance of attenuator linearity or dial 
tracking accuracy. 

Output voltage measuring equipment 
has an input impedance of 50 ohms, 
thus providing a normal load and dupli- 
cating the input impedance of the ac- 
cessory 501-B Cable at the signal gen- 
erator panel connector. 

RF Output Calibration - Method 
1 . . . A three stage process is involved 
in our standardization of RF output vol- 
tages (see Figure 21. 

a. Basic Standardization (performed 
in a temperature-controlled and hu- 
midity-controlled room) . The current 
from a DC supply is passed through 
a thermocouple ammeter and resistor 
series connected. The DC voltage 
developed across the resistor is meas- 
ured on a basic standard consisting of 
a Weston Model 4 Standard Cell (un- 
saturated cadmium type) and Leeds 
and Northrup Type K-2 Potentio- 
meter. Over-all accuracy is 0.1 % . 
b. DC to  AF Transfer. Current from 
a low distortion AF oscillator is sub- 
stituted for DC and adjusted for the 
same thermocouple ammeter reading 
as with DC. The AF signal voltage 
now developed across the resistor and 
applied to the electronic voltmeter is 
equal in magnitude to the previous 
DC voltage (the electronic voltmeter 
loading is negligible). The AF vol- 
tage accuracy is 0.5%. 
c. RF Standardization. The specially- 
built bolometer bridge responds 
equally to an internally generated low 
distortion AF voltage, or to RF 
voltage from the signal generator be- 
ing calibrated which is substituted 
for the former. The electronic volt- 
meter from ( b )  is used to standardize 
the AF voltage and, hence, to cali- 
brate the signal generator, usually at 
50 KpV RF and at several output 
frequencies. The bolometer bridge in- 
put impedance is equal to the signal 
generator output impedance, 50 ohms. 

Accuracy of the RF voltage meas- 
urement, including reading errors, is 
normally 2 9% to 3 %. 

(A) BASIC STANDARDIZATION (DC) 

I RESISTOR 
(8) DC T O  AF TRANSFER 

RF SIGNAL 
GENERATOR 

BOLOMETER 
BRIDGE 

’ (C) BOLOMETER BRIDGE CALIBRATES 
R F  SIGNAL GENERATOR 

METHOD I 

b-7 2 4 5 - 8  - 
245-8  RF VOLTAGE STANDARD IS COMPARED 
TO BOLOMETER BRIDGE j 245-B MAY THEN BE 
USED T O  CALIBRATE SIGNAL GENERATORS. 

METHOD IT 

Figure 2. Standardization of 
RF Output Voltages.  

RF Output Calibration - Method 
2.  . . RF Voltage Standard Type 245-B1, z. 
This instrument may be used as a cali- 
brated voltmeter of approximately 50 
ohms input impedance, and provides a 
direct check on the accuracy of signal 
generator output voltages in the 50 
KpV region. 

Our calibration procedure starts with 
the Standard Cell but differs somewhat 
in detail from that used for the bolo- 
meter bridge. The 245-B input voltage 
accuracy rating is &lo% for frequen- 
cies of 100 kc to 300 mc; however, the 
units we use for signal generator cali- 
bration are additionally calibrated by 
direct comparison to the standardized 
bolometer bridge (RF comparison as in 
Figure 2) ,  thus attaining accuracy ap- 
proaching that of the bolometer bridge. 
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5. Internal Alodu14tin8 DJci/kuor ChlN
Qclerirt;cJ: Frequencies available _
Frequency accuracy _ Voltage avail
able externally.

6. Modulation ChMacleNstiu, ",ilC,1
!QneouJ: External Modulation Input,
AM _ Eltternal Modulation Input,
FM _ Simultaneous .AM and PM.

7. Sw,pt RF CharacteNJI;es: Range of
Sweep Widths _ Linearity of Swept
Frequency _ Sweep Repetition Rate
_ Flatness of Swept RF Output Vol
tage Level.

RF Ronge ond Accl,lrCICY

Frequency iodiating dials, tuning
coils, and tuning apacitors ase usually
fabriated ro prl"SCfibed physical lay
OUts and dimensions. When these uni
foem componl!'1lts are installed die as·
sembled instrUments will lie "wilhin
calibtation range" of die manufacturing
adjumnents provided.

For Ollibrarion purposes the gener
atOr OUtput frequency is usually referred
to a commercially available crystal type
calibrator, accuracy rating ±0.002%.
"Zero beats" are obtained at a sufficient
number of generator dial points (usually
6 or 8 per frequency range) to insure ac
curate calibration. (Individually marked
dials must, on the other hand, be cali
brated and marked at each division
line.)

In instances where the frequency in
lerval between "zero beat" points is very
small in comparison to the frequency
being checked, a "single response" type
of frequency indicator must be used 10
determine that the correa: ~zero beat"
point hu bttn located. A simple fee
queocy-alibrated tuned circuit and di
ode voltmeter (or RMegacycie Meter-)
which lIUIy be coupled co the generator
OUtput and resonated at any one of the
Rz.ero beat" points is usually satisfaaocy
for this purposoe.

The crystal-type calibrator, wilh its
accuracy tating of ±0.002%, offers ac
curacy emirely adequate for checking
signal generators having published car·
ings of ±05% or ±O.l%. This type
of calibrator may be checked against

WWV if desired.
Signal genttaton having crystal con

trolled OUtput frequencies are checked
for accuncy against spedilly built
crysraJ calibrators which are adjUSted
against WWV.

Rf Output VoltClse Ronge
C1nd Accurocy

In insuumem production assurance of
the proper voltage range and accuracy
usually involves a mea5uremem of OUt
put voltage al a high voltage level, and
assurance of arrenuacor linearity or dIal
tracking accuracy.

Ourput voltage measuring equipment
has an input impedance of 50 ohms,
thus providing a normal load and dupli.
eating the input impedance of the ac
cessory 50l-B Cable at die signal gen
erator panel connectOr.

RF Output Collbrotion - Method
1 _ •. A three stage process is involved
in our standardization of RF OUtput vol
tages (see Figure 2).

a. &nil: Standarai%aJ;oft (performed
in a tC'mperature<onuolled and hu·
midity<OOtr'OlIed room). 'The current
from a OC supply is passed dlrough
a thermocouple ammeter and resistor
series connea:ed. 'The OC voltage
develoJXd across the resistor is meas·
ured on a basic sr:andard consisting of
a Weston Model 4 Standard Cell (un
saturated cadmium type) and Leeds
and Northrup Type K-2 Potentio
merer. Over-all accuracy is 0.1 %.
b. DC to...iF T'Qmf~. Current from
a low distortion AF oscillator is sub
stituted for DC and adjuSted for tht
same thermocouple ammeter reading
as widl DC. The AF signal voltage
DOW developed acrOlis the resistor and
applied to the electronic voltmeter is
equal in magnitude to the previous
DC voltage (the e1CCl:ronic voltmerer
loading is negligible). The AF vol·
tage accuracy is 0.5%.
c. RF SlandaraiUlion. The specially
built bolomeler bridge responds
equally to an imernally generated low
distOrtion AF voltagC', or to RF
voltage from the signal gl!'1leratOr be
ing calibrated which is substituted
for the former. 'The e1earonic volt
meter from (b) is used to standardize
the AF voltage and, hence, to cali·
brate the signal generator, usually at
50 ¥:.poV RF and at .several OUtput
frequencies. The bolomer.er bridge in
pur imJXdallCe is equal to the signal
generator output impedance, 50 ohms.

Accuracy of the RF voltage meas
uremem, including reading errors, is
normally 2% to 3%.

2

Iigu,.2. Standardi"";,,n "f
Ilf OUlpur V"IIa!!•••

Rf Output ColibrCltion - Method
2 ... RF Voltage Standard Type 245-B', :!.

This instrument may be used as a cali
btatC'd Yolunerer of approximately 50
ohms input impedance, aad provides a
ditCCl: check on the accuracy of signal
generator OUtput voltages in the 50
Kp.V region.

Our calibralion procedure StartS with
Ihe Standard Cell but differs somewhat
in der:ail from that used for the bolo
merer bridge. 'The 245-8 input voltage
acruracy rating is ± 10% for frequen
cies of 100 kc to 300 me; however, die
units we usc for signal generator cali
bration are additionally calibrated by
direct comparison to the standardizC'd
bolometer bridge (RF comparison as in
Figure 2), thus attaining accuracy at>
proaching that of the bolometer bridge.



T H E  N O T E B O O K  

Figure 3. RF Comparison of 245-8 RF Voltage 
Standard t o  Bolometer Bridge. 

Attenuator Linearity . . . The 
linearity, or dial tracking accuracy, of 
piston (mutual coupling) attenuators is 
primarily a matter of mechanical design 
and control of mechanical tolerances. RF 
leakage must also be held to low levels. 

Low-level attenuator output voltages, 
i.e., in the one microvolt region, may 
be electrically measured by means of the 
RF Voltage Standard Type 245-B1,2 
mentioned above. The 245-B accuracy, 
when used in accordance with the in- 
structions provided for this applica- 
tion, is: 

+lo% 
2 1 5 %  to 500 mc 
&20% to 1000 mc 

100 kc to 100 mc 

Figure 4. Measurement of FM Deviation and 
FM Distortion of Type 202-E FM-AM Signal 
Generator by -Use of FM Linear Detector a n d  
Associated Apparatus. 

Frequency Modulation Range, 
Accuracy, and Harmonic Distortion 

A single “setup” of test apparatus is 
arranged to measure these three inter- 
dependent characteristics. (Figure 4 ) .  

The basic test apparatus is a specially 
built FM Linear Detector having ade- 
quate range of FM deviation and AF 
response. This Detector ( including built- 
in heterodyne oscillator and mixer for 
signal frequency conversion) connects 
to the modulated RF output of the sig- 
nal generator and delivers de-modulated 
output voltage faithful in amount and 
harmonic distortion to the amount of 
FM deviation and harmonic distortion 
present in the signal generator output. 

- 

W 

Associated apparatus consists of an 
electronic voltmeter and distortion 
analyzer for reading the Detector Out- 
put voltage and harmonic distortion. 

For calibration of the output voltage 
readings vs FM deviation the Detector 
input is connected to the output of a 
signal generator calibrated by the Bessel 
Zero method3. The calibration thus re- 
lies basically upon audio modulating fre- 
quencies which can be measured ac- 
curately (e.g. by use of a frequency 
counter). An alternative calibration 
method employs the Weston Model 4 
Standard Cell, Leeds and Northrup Type 
K-2 Potentiometer, and crystal-stand- 
ardized signal frequencies. The Detec- 
tor employs an electronically regulated 
power supply and has excellent long 
term stability. 

In production testing each generator 
is checked and adjusted (within the RF 
unit) at several output frequencies for 
the correct value of FM deviation. 
Adjustment for acceptable distortion is 
also made within the RF unit. 

Amplitude Modulation Range, 
Accuracy, and Harmonic Distortion 

For the measurement of the depth of 
amplitzlde modalation either of two 
methods may be employed. 

Method a. This is the familiar trape- 
zoidal pattern method. A frequency con- 
verter, providing conversion of the sig- 
nal generator output frequency to a fre- 
quency suitable for the oscilloscope, and 
having a linear input voltage vs output 
voltage relationship, is interposed be- 
tween the signal generator output and 
the oscilloscope input. 

Method b. This method is particularly 
adaptable to generators having a modu- 
lation meter actuated by the modula- 
tion component of the RF carrier, in 
addition to the usual RF carrier moni- 
tor meter. 

The basic formula is 

141.4 V,, 
% A M =  

V,, 
where V,, and Vd, indicate re- 
spectively the AC voltage (RMS) 
and DC voltage components of the 
demodulated carrier voltage. 

For best accuracy a correction, usually 
of a minor nature, for the rectifier char- 
acteristic curvature should be deter- 
mined. 

Harmonic distortion is usually meas- 
ured by connecting a distortion analyzer 
to a suitable point in the RF monitor 
circuit and reading the distortion pres- 
ent in the AC portion of the demod- 
ulated carrier voltage. 

Microphonism 

FM microphonism can be very trouble- 
some when making tests involving small 
values of FM deviation. Bench vibra- 
tion may be conducted to a signal gen- 
erator resting on the bench, or vibra- 
tions may be set up within the genera- 
tor by airborne sounds within the room 
in which the generator is used. 

Within the generator a major item of 
susceptibility is the oscillator section of 
the main tuning capacitor. Vibrations 
transmitted ‘to the plates or blades of 
this vqiable capacitor cause undesired 
FM of the signal generator output fre- 
quency, thus interfering with normal 
usage of the output signal. 

Analysis of this problem indicates 
that maximum cancellation of vibration- 
caused capacitance variations is obtained 
when the plate spacing is uniform 
throughout the capacitor. In practice 
visual inspection of plate spacing, a very 
important but not self-sufficient opera- 
tion, is required to be followed by an 
electrical check of vibration-induced 
FM, additional adjustments of the plate 
spacing often being necessary. It is em- 
phasized that this adjustment is a spe- 
cialized technique requiring consider- 
able time and experience to acquire the 
necessary skill. 

Spurious AM on FM 

In our types 202-B, -C, -D, -E, and -F 
Signal Generators, which embody a 
frequency modulated oscillator fol- 
lowed by amplifying or frequency- 
doubling stages, the generation of unde- 
sired amplitude modulation when em- 
ploying frequency modulation is largely 
a problem of interstage tracking ac- 
curacy. For example, if the RF output 
stage tuning is “out of track as re- 
ferred to the oscillator frequency, the 
output stage will be operated (or 
“swung”) over a sloping portion of its 
resonance curve and spurious amplitude 
modulation will be generated (see Fig- 
ure 5 )  4. 

Tuninp adiustments of the individual 
stages are i!, --~ade during the in- 
spection of each unit to obtain satis- 
factory interstage tracking accuracy. The 
tank circuit resonance curve is observed 
on an oscilloscope while the generator, 
operating on FM, is tuned across its 
range. In this manner spurious AM as 
a result of FM is kept to a low value, 
although direct checks of spurious AM 
are not routinely made. 

RF Unit Adjustments 

The interlocking nature of various 
adjustments made within the RF unit 
(i. e. by potentiometer adjustment or 
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Figu•• 3. /J.F C..mpa.il..n ..I 245-& /If Va/1agl
S'andard /.. B..I"m.'., B.idg•.

Attenuator Linearity ... The
linearity, or dial rracking accuracy, of
piston (mutual coupling) attenuatOrs is
primarily a matter of mechanical design
and control of mechanical tOlerances. RF
leakage must also be held to low levels.

Low·level attenuator OUtput voltages,
i.e., in the one microvolt region, may
be electrically measured by means of the
RF Voltage Standard Type 245-BI,2
mentioned above. The 245-8 accuracy,
when used in accordance with the in
structions provided for this applica
tion, is:

±10% IOOkctolOOmc
±15% to 500 me
±20% to 1000 mc

figllr. 4. M.... II ••m.nt ..1 fM D."ial;"" ..nd
fM Dill",/i.." ..f Type 202-E fM_AM Sig"..'
G.".,al", by U.. ..I fM li"..., Dd."", a"d
A....cial~ "'ppa,allli.

Frequency Modulation Range,
Accuracy, cmd HClrmonic Distortion

A single "setup" of test apparatus is
arranged ro measure these three inter
dependent characteristics. (figure 4).

TIle basic [est apparatus is a specially
built FM Linear DeteCtor having ade
<juate range of FM deviation and AF
response. This Detector (including built
in heterodyne oscillatOr and mixer for
signal fre<J.uency conversion) cOnnects
to the modulated RF output of the sig
nal generatOr and delivers de·modulated

\......- output voltage faithful in amount and
harmonic distortiOn to the amount of
FM deviation and harmonic distortion
present in the signal generator OUtput.

Associated apparatus consists of an
electronic vohmeter and distortion
analyzer for reading the Detector out
put voltage and harmonic distOrtion~

For calibration of the OUtput voltage
readings vs FM deviarion the Detector
input is connected to the output of a
signal generatOr calibrated by rhe Bessel
Zero methoda• The calibration thus re
lies basically upon audio modulating fre·
<juencies which call be measured ac
curately (e.g. by use of a frequency
councer). An alternative calibration
method employs the WestOn Model 4
Standard Cell, Leeds and Northrup Type
K-2 Potcntiometer, and crystal·stand
ardized signal frequencies. The Detec
tor employs an electronically regulated
power supply and has excellent long
term stability.

In production testing each generator
is checked and adjusted (within rhe RF
unit) at several output frequencics for
the COrtect value of FM deviation.
Adjustment for acceptable distOrtion is
also made within the RF unit.

Amplitude Modulation Range,
Accuracy, and HClrmonic Distortion

For {he measurement of (he depth of
amplitude modulation either of tWO
methods may be employed.

Method a. This is the familiar trape
zoidal parcern mefhod. A frC<Jucncy con
verter, providing conversion of the sig
na) generaror OUtpUt frequency to a fte
<juency suitable for the oscilloscope, and
having a linear input voltage vs OUtput
voltage relationship, is interposed be
tween the signal generator OUtpUt and
the oscilloscope input.

Me/hod b. This method is particularlY
adaptable to generators having a modu
lation meter aCtuated by the modula
tion component of the RF carrier, in
addition to the usual RF carrier moni
tor meter.

The basic formula is

141.4 V.e
%AM

v,.
where V.e and Vde indicate re
spectively the AC voltage (RMS)
and DC voltage components of the
demodulated carrier voltage.

For best accuracy a corcection, usually
of a minor nature, for the rectifier char
acteristic curvature should be deter
mined.

Harmonic diJtorlion is usually meas
ured by conne<:ting a distortion analyzer
to a suirable point in the RF monitOr
circuit and reading the distOrtion pres
ent in the AC portion of the demod·
ulated carrier voltage.
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Microphonism

FM microphonism can be very trouble
some when making testS involving small
values of FM deviation. Bench vibra
tion may be conducted to a signal gen
eratOr resting on die bench, or vibra
tions may be set up within the genera
tor by airborne sounds within the room
in which the generator is used.

Wirhin the generator a major item of
susceptibiliry is the oscillator section of
the main tuning capacitOr. Vibrations
transmitted ·10 the plates or blades of
this variable capacitor cause undesired
FM of the signal generator output fre
<juency, thus interfering with normal
usage of the output signal.

Analysis of this problem indicates
that maximum cancellation of vibrntion
caused capacitance variations is obtained
when the plate spacing is uniform
throughout the capacitor. In practice
visual inspection of plate spacing, a very
important but not seJf-sufficiem opera·
tion, is requircd to be followed by an
electrical check of vibration-induced
FM, additional adjustmentS of the plate
spacing often being necessary. 11 is em
phasized that this adjustment is a spe
cialized techni<jue requiring consider
able time and experience to acquire the
necessary skill.

Spurious AM on FM

In our types 202-B, -c, -0, -E, and -F
Signal Generators, which embody a
fre<juency modulated oscillator fol
lowed by amplifying or frequency.
doubling stages, the generadon of unde
sired amplitude modulation when em·
ploying frequency modulation is largely
a problem of interstage tracking ac
curacy. For example, if the RF ourput
stage tuning is H out of track" as re
ferred to the oscillator frequency, [he
output stage will be operated (or
"swung") over a sloping portion of its
reSO(lllnce curve and spurious amplitude
modulation will be generated (see Fig
ur(5)4.

Tuninr adjustments of the individual
srages an~ ~~_ il, "'lade during the in·
spection of each unit to obtain satis
factory interstage tracking accuracy. The
rank circuit resonance Ulrve is observed
on an oscilloscope while the generator,
operating on FM, is tuned across irs
range. In this manner spurious AM as
a result of FM is kept to a low value,
although direct checks of spurious AM
are not rourinely made.

RF Unit Adjustments

The interlocking nature of various
adjustmentS made within Ihe RF unit
(i. e. by potentiometer adjusrmem or
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bending -of tuning capacitor plates 1 ap- 
pears to be worthy of mention. 

Examples, particularly applicable to 
FM Signal Generators, are: 

Adjustment For Affects 
(a) FM Deviation Output frequency cali- 

Cali bration bration accuracy and 
(b)  Microphonism interstage tracking 

(c) Interstage track- Spurious AM on FM 

(d)  Output fre- Interstage tracking 

accaracy. 

ing accuracy 

quency calibra- accuracy (spurious 
tion accuracy AM on FM and 

maxinhm RF 
output voltage) 

9 

8 

7 

6 

5 

4 

‘ 3  

2 

I 

o w l  I I ! l e 1  I I I I I I I I 1  I I I1 1 I 1 1  
* O  150 il00 A150 1250 

OUTPUT STAGE TRACKING ’ 1 

Figure 5. Showing Effecf of  RF Oufpuf Stage 
Tracking (as  Referenced to Oscillafor) on  
Spurious AM on  FM. (Type 202-E Sig. Gen.; 
FM Dev. = 75 kc.) 

It is obvious that adjustment ar)d 
correction of a particular type of RF 
unit fault may Gasily introduce a differ- 
ent type of fault. This is not an indica- 
tion of technical inability on the part of 
the person performing the adjustments, 
but is the result of interaction of adjust- 
ments. 

We wish to hereby discourage user 
field service of RF units because the 
end result of such service may, through 
unfamiliarity with the interactions in- 
volted, yield an instrument which is 
operating below peak performance. This 
would be to the user’s disadvantage as 
well as ours. 

Tube Stability 

The stability of vacuum-tube char- 

acteristics plays an important part in 
the long-term stability of signal gen- 
erator operation. This is particularly 
true in respect to the maintenance of 
adequate RF output voltage (RF moni- 
tor meter indication). 

For tubes operating in class-C RF 
output amplifier service we have found 
it necessary to adopt a rack aging pro- 
cedure employing a pulsed cathode cur- 
rent derived from a pulse generator. 
Pulse aged tubes are later installed in 
the instruments in which they are to be 
used, and operated before and after in- 
strument calibration. This procedure 
eliminates a varying percentage of tubes 
from class-C service but has been found 
to yield greatly improved reliability in 
the field. 

Swept Frequency Range 
and linearity 

Sweep Signal Generators present 
problems peculiar to testing of the 
swept RF output signal. 

For measurement of the linearity of 
frequency deviation of the swept RF 
output kignal vs the low frequency 
sweep output voltage, a calibrated oscil- 
loscope is needed. The calibration is 
obtained by connecting an adjustable 
calibrated voltage source to the oscil- 
loscope X-axis terminals. The X-axis 
deflection to right and left of the scale 
window center, using the center as a 
reference point, is plotted vs the input 
voltage. For convenience marks, includ- 
ing test limits, may be placed on the 
scale window for equal voltage incre- 
ments. 

Such a calibrated oscilloscope is used 
in measuring the linearity of the swept 
RF output of our Type 240-A Sweep 
Signal Generator5. The type 240-A in- 
cludes a built-in crystal-controlled fre- 
quency identification system. A har- 
monics generator generates a fence of 
crystal-controlled reference frequencies 
with a choice of spacings: 2.5 mc, 0.5 
mc, or 0.1 mc. A sample of the swept 
RF signal beats, in a mixer-amplifier 
system, with the reference fence, giv- 
ing “birdie” (zero beat type) markers 
at the same spacing as the reference 
fence. 

The X-axis terminals of the cali- 
brated oscilloscope are connected to the 
low frequency sweep output voltage 
terminals of the 240-A. The Y-axis 
terminals are connected to the output 
of the 240-A mixer-amplifier system 
(COMPOSITE SIGNAL OUT connec- 
tor). The locations of the birdie mark- 
ers now displayed on the screen are 
compared to the calibration marks or 
plot, thereby measuring the linearity of 

the swept RF (i.e. the frequency devia- 
tion) vs the Signal Generator low fre- 
quency sweep output voltage. 

The RF sweep width of the 240-A 
Signal Generator may be measured in 
the set-up just described, by using the 
reference fence of “birdie” markers of 
known frequency spacing. 

Amplitude Flatness of 
Swept RF Output Signal 

d 

The amplitude flatness of the swept 
RF output voltage is measured by in- 
terposing a simple broad-band. detector 
between the signal generator RF out- 
put connector and the Y-axis input 
terminals of a DC amplifier type oscil- 
loscope. When the oscilloscope X-axis 
terminals are connected to the signal 
generator low frequency sweep output 
voltage terminals the horizontal trace 
line now corresponding to the detector 
output voltage is an indicator of the 
amplitude flatness of the swept RF vol- 
tage. If the rectangular pattern is now 
expanded vertically by increasing the 
oscilloscope Y-gain by a known amount, 
variations in the height of the detector 
output trace from the horizontal zero 
reference (blanked RF output) trace 
will be indicated more accurately. Cor- 
rection for detector non-linearity may 
be necessary. 

Summary 
W 

A signal generator, in order that it 
may be a useful testing tool, must be 
calibrated initially to an adequate de- 
gree of accuracy, and must maintain 
adequate accuracy and necessary operat- 
ing characteristics over a long period 
of time. These important attributes re- 
quire sound design, careful fabrication, 
and careful and thorough testing pro- 
cedures. It is to this purpose that our 
testing and calibrating efforts are di- 
rected. 
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Tube Stability

Tl:le stability of vacuum-rube char-
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Summary

A signal generator, in order that it
may be a useful testing tool, must be
calibrated initially to an adequate de
gree of accuracy, and musr maineain
adequate accuracy and necessary operat
ing characteristics over a long period
of rime. These imporrant attributes re
quire sound design, careful fabrication,
and careful and thorough testing pro
cedures. Ie is to this purpose that our
testing and calibrating effons are di
rected.

the swept RF (i.e. rhe frequency devia
tion) vs the Signal Generator low fre
quency sweep Output voltage.

Thc RF sweep width of the 240-A
Signal Generator may be measured in
the set-up just described, by using the
reference fence of "birdie" markers of
known frequency spacing.

Amplitude Flatness of
Swept RF Output Signal

The amplitude flatness of the swept
RF output voltage is measured by in
terposing a simple broad·band detector
between the signal generator RF out
put connector and the Y-axis input
terminals of a DC amplifier type oscil
loscope. When the oscilloscope X-axis
terminals are connected to the signal
generatoc low frequency sweep OUtpUt
voltage terminals the horizontal traCe
line now corresponding to the detector
output volrage is an indicator of rhe
amplitude f1arness of rhe swept RF vol
tage. If me rectangular pattern is now
expanded vertically by increasing the
oscilloscope Y-gain by a known amount,
variations in the height of the detector
Output trace from the horizontal zero
reference (blanked RF ourput) trace
will be indicated more accurately. Cor
rection for detector non-linearity may
be necessary.
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Swept Frequency Range
and Linearity

Sweep Signal Generators present
problems peculiar to testing of the
swept RF output signal.

For measurement of the linearity of
frequency deviation of the swept RF
outrut signal vs the low frequency
sweep output voltage, a calibrated oscil
loscope is needed. The calibration is
obtained by connecting an adjustable
calibrated voltage source to the oscil
loscope X-axis terminals. The X-axis
deflection to right and left of the scale
window center, using the center as a
reference point, is ploned vs the input
volrage. For convenience marks, includ
ing tesr limits, may be placed on the
scalc window for equal voltage incre
ments.

Such a calibrated oscilloscope is used
in measuring the linearity of the swept
RF Output of our Type 240-A Sweep
Signal Generator~. The type 240-A in
cludes a built-in crystal-eontrolled fre
quency identification system. A har
monics generator generates a fence of
crystal-controlled reference frequencies
with a choice of spacings: 2.5 mc, 0.5
me, or 0.1 mc. A sample of the swept
RF signal bears, in a mixer-amplifier
system, with the reference fence, giv·
ing "birdie" (zero beat type) markers
ar the same spacing as the reference
fence.

The X-axis terminals of the cali
brated oscilloscope are connected co the
low frequency sweep OUtput voltage
tcrminals of the 240-A. The Y-axis
terminals are connected to the output
of the 240-A mixer-amplifier system
(COMPOSITE SIGNAL OUT connec·
tor). The locations of the birdie mark
ers now displayed on the screen are
compared to the calibration marks or
plot, thereby measuring the linearity of

aeteristics plays an impon:am part in
the long-term stability of signal gen
eracor operation. This is pareicularly
true in respect to the maintenance of
adequate RF output voltage (RF moni
tor meter indication).

For rubes operating in c1ass·C RF
ourput amplifier service we have found
it necessary to adopt a rack aging pro
cedure employing a pulsed cathode cur
rem derived from a pulse generaror.
Pulse aged. tubes are later insralled in
the insrruments in which they are to be
used, and operated before and after in
strument calibration. This procedure
eliminates a varying percentage of rubes
from dass-C service but has been found
to yield gready improved reliability in
the field.

Imecstage Ifacking
accuracy (spurious
AM on FM and
maximum RF
outpur voltage)

Interstage rrack
ing aOCllracy
Output fre
quency calibra·
tion accuracy

(d)

«,

bending of mning capa-cicor plates) ap
pears to be worthy of memion.

Examples, particularly applicable to
FM Signal Generators, are:

Adiustment For Alfeds
(a) FM Deviation Ourputfrequencycali·

calibrarion bration accuracy and
(b) Microphonism inrerstage rrad:ing

aCC!lracy.
Spurious AM on fM

It is obvious that adjustment aqd
correction of a panicular type of RF
unit fault may easily introduce a differ
ent type of fauk This is not an indica
cion of technical inability on the pan of
[he person performing the adjusnnents.
bur is the result of interaction of adjust
mencs.

We wish to hereby discourage user
field service of RF units because (he
end result of such service may. through
unfamiliarity with the interactions in
vol~ed, yield an innrument which is
operating below peak performance. This
would be to me user's disadvantage as
well as ours.
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A Standard for Q and 1 

The widespread use of the Q meter 
in industry and research has brought 
about the need for some simple and 
practical means of checking the overall 
performance and accuracy of this in- 
strument. Up to the present, the 103-A 
coil series has served this purpose in 
default of anything better. 

Today, after considerable research, 
BRC engineers have evolved 5 new 
coils, the Q-Standards Type 518-A. 
These coils are well shielded and have 
been designed to maintain highly stable 
inductance and Q characteristics. Devel- 
oped for use with Q Meter Type 260-A, 
the Q-Standards are useful not only as 
a check on the overall performance of 
this instrument but can be used as ref- 
erence inductors for many impedance 
measurements. Similar in construction 
and performance to the 513-A, these 
Standards, in conjunction with the 
5 13-A, provide frequency coverage from 
50 kc to 50 mc- the entire range of 
Q-Meter Type 260-A. 

Construction Details 

In external appearance the coils are 
very similar to the inductors Type 
103-A which are available for use as 
accessory coils in a variety of Q meter 
measurements. This resemblance is only 
superficial, however, since highly spe- 
cialized design and manufacturing tech- 
niques are required to provide the high 
degree of electrical stability demanded 
of such units. 

The Q Standard unit consists of a 

- 

A 
Figcrre 1. Winding of Coil on Sfeatife Form; 

specially developed high-Q coil wound 
on a stable low-loss Steatite form and 
protected by a covering of low loss ma- 
terial (Figure l ) .  After winding, the 
coil is heated to remove any moisture 
present, coated with silicone varnish 
and baked (Figure 2 ) .  Desirable Q 
versus frequency characteristics are ob- 

- _  -- 

figure 2. Varnishing and Baking the Coil Form. 

tained where necessary by a carbon 
film resistor shunted across the coil. 
The coil form is mounted on a copper 
base fitted to a cylindrical shield can. 
The unit is hermetically sealed, evac- 
uated and filled with an inert gas 
to a pressure of 1 p.s.i. above aunos- 
pheric pressure, (Figure 3). Coil leads 
are brought through the base to banana 
plug connectors which can be replaced 
if necessary without breaking the seal. 
The high potential connector is slightly 
longer than the low potential connector 
and is insulated from the base by a 
ceramic seal which serves as a stop to 
insure accurately reproducible position- 
ing of the unit with respect to the 
Q-Meter cabinet. 

Electrical Characteristics 

The principal electrical characteristics 
of each Q-Standard are measured at the 
factory and stamped on the nameplate 
of the unit. Three sets of data are thus 
provided to cover the low, middle and 
upper frequency ranges of the 260-A 
Q-Meter. Each set of data contains the 
following information: a check fre- 
quency and its associated values of 
resonating capacitance and indicated Q. 

Indicated Q is defined as the circuit 
Q of the inductor and Q meter combina- 

Y I I  

tion as read on an average Q meter. 
Any instrument whose readings vary 
from the nameplate values of indicated 
Q by more than +S% between 50 ke 
and 30 mc, increasing to f 1 3 %  at 50 
mc, is not operating in accordance with 
the original specifications. 

Resonating capacitance is defined as 
the reading on the internal resonating 
capacitor dials of an “average” Q meter 
at resonance for stipulated frequencies 
which have been checked against a crys- 
tal calibrator. The 3 values of resonat- 
ing capacitance marked on the name- 
plate are accurate to & ‘/z % or f %ppf 
whichever is greater. (Figure 4 ) .  

Applications 

Accwacy of Indicated Q: The indicated 
Q values marked on the Q-Standard 
provide a convenient check on the ac- 
curacy of the Q-indicating meter read- 
ings. To make such a check proceed 
as fallows: 

Allow the Q-meter to warm up for 
one hour. Then plug the Q-Standard 
into the coil posts, making sure that the 
knurled binding post nuts are tightened 
and the Q-Standard properly seated. 
Now zero the meters and adjust the 
internal resonating cafacitor to reso- 
nance at the three resonating frequen- 
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The widespread use of the Q meter
in indusuy and research has brought
aboue the need for some simple and
practical means of checking (he overall
performance and accuracy of this in
suument. Up to the present, thelO3-A
coil series has served this purpose in
default of anything better.

Today, after considerable research,
BRC engineers have evolved 5 new
coils, the Q-Standards Type 518-A.
These coils arc well shielded and have
b~en designed to maintain highly stable
inductance and Q characteristics. Devel
oped for use with Q Meter Type 260-A,
the Q-Standards ate useful not only as
a check on the overall performance of
this instrument bue can be used as tef
erence inductors for many impedance
measurements. Similar in construction
and performance to the 513-A, these
Standards. in conjunction with the
5l3-A, provide frequency coverage from
50 kc to 50 mc- the entire range of
Q-Meter Type 260-A.

Construction Details

A Standard for Q and L

Fig,,'. 2. Vo,ni,"'ng and Bolting ,,,. Coil 'o,m.

In external appearance the coils are
very similar co the inductors Type
103-A which are available for use as
accessory coils in a variety of Q meter
measurements, This resemblance is only
superficial, however, since highly spe
cialized design and manufacturing tech
niques are rCtJuired to provide the high
degree of elccrrical stability demanded
of such units.

The Q Standard unit consists of a

Fig"... I. Winding 0' Coil on St_"lil. 'o,m.

specially developed high-Q coil wound
on a stahle low-loss Steatite form :lnd
protected by a covering of low loss ma
rerial (Figure 1). After winding, the
coil is heated to remove any moisture

.........,. present, coated with silicone varnish
and baked (Figure 2). Desirable Q
versus frequency characteristics are ob-

rained where necessary by a carbon
film resistor shunted across the coil.
The coil form is mounted on a copper
base fitted to a cylindrical shield can.
The unir is hermetically sealed, evac
uated and filled with an ineH gas
to a pressure of 1 p. s. i. above aunos
pheric pressure, (Figure 3). Coil leads
are brought through the base to banana
plug connectors whidl can be replaced
if necessary without breaking the seal.
The high potential connector is slighdy
longer than the low potential connectOr
a.nd is insulated from the base by a
ceramic seal which serves as a stop to
insure accurately reproducible position
ing of the unit with respect to the
Q-Meter cabinet.

Electrical Characteristics

The principal electrical characteristics
of each Q-Standard are measured at the
factory and scamped on [he nameplate
of the unit. Three setS of data are thus
provided to cover the low, middle and
upper frCtJuency ranges of the 260-A
Q-Meter. Each sec of dara contains [he
following information; a check fre
quency and its associated values of
resonating capacitance and indicated Q.

Indicated Q is defined as [he circuit
Q of the inductor and Q meter corribina-

s

tion as read on an average Q meter.
Any instrument whose readings vary
from the nameplate values of indicated
Q by more than ±8% between 50 kc
and 30 mc, increasing to ± 13% at SO
me, is nor operating in accordance with
the original specifications.

Resonating capacitance is defined as
the reading on the internal resonaring
capacitOr dials of an "average" Q meter
at resonance for stipulated fre<juencies
which have been checked against a crys
tal calibrator. The 3 values of resonar
ing capacitance marked on the name
plate are accurate to ±;.1% or ±YzJ.!pJ
whichever is greater. (Figure 4).

Applications

Accuracy of Indicotea Q: The indicated
Q values marked on the Q.Standard
provide a convenient check on the ac
curacy of rhe Q-indicating meter read
ings. To make such a check proceed
as follows:

Allow the Q-meter to warm up for
one hour. Then plug rhe Q.Srandard
into the coil posts, making sure that the
knurled binding post nuts are tightened
and the Q-Standard properly seated.
Now zero the meters and adjust [he
internal resonating capacitor to res0

nance at the three resonating frequen-
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Figure 3. Seuling Operation of 0 Sfundard.. 

cies marked on the nameplate. Adjust 
the XQ controls to obtain a reading of 
X I  on the Multiply-&-By meter at each 
frequency setting of the 260-A. The 
reading of the Q-Indicating meter at 
each frequency should correspond to 
the indicated Q value marked on the 
Q-Standard within the tolerance men- 
tioned above. For best results, the fre- 
quency of the Q meter should be set 
using a crystal frequency calibrator. 
Acczlracy of Internal Resonding Capaci- 
tor C,alibrqtion: The coil may be used 
to check the accuracy of internal reso- 
nating capacitor dial readings. This is 
done in the following manner: 

Allow the Q-meter to warm up for 
one hour before mounting the Q-Stand- 
ard on the coil posts. Adjust for a 
Mzlltiply-Q-By reading of X1 while 
adjusting the oscillator to the desired 
frequency (which has previously been 
checked against a crystal calibrator), 
Now tune the circuit to resonance by 

Figure 4. Checking Calibration of Q and C. 

means of the internal resonating capaci- 
tor dials. Reading obtained should be 
the same value as indicated on the 
nameplate within the tolerances of the 
instrument and the coil. 
Use as a Work Coil: The Q-Standard is 
useful as an extremely stable work coil 
for accurate measurements by the paral- 
lel method with Q-Meters Type 260-A 

and 160-A. A knowledge of the coil’s 
inductance and distributed capacitance 
will be helpful in this application.* 
Distributed Capacitance (cd) : The 
value of distributed capacitance (the 
effective distributed capacitance of the 
coil assembly as measured in position 
on the Q-meter) for the Q-Standard 
can be determined by the following 
formula. Any two of the three sets of 
data given on the nameplate of the coil 
may be used. 

C2 - n2C1 

n2- 1 
Cd = 

Where 
C1 = internal resonating capaci- 

tance reading at the first 
frequency (f l ) .  

C2 = internal resonating capaci- 
tance reading at the sec- 
ond frequency (fz), where 
the first frequency is an 
integral multiple of sec- 
ond. 

n = ration of f l  to f2  

*For a full discussion of this subject 
see Boonton Radio Corporation’s in- 
struction manuals on Radio Frequency 
Measurements, the Type 260-A Q- 
Meter or Type 160-A Q-Meter. 
Trae Indzlctance (L): The true induct- 
ance of the coil may be determined by 

1 
L =  

0’ ( c r  + cd) 

The resonating capacitance for any point 
may now be determined by- 

1 

O’L 
C, = c d  

Use With 9-Meter Type 160-A 

The low frequency and the high fre- 
quency performance of the Type 160-A 
Q-Meter (designed in 1938) is not as 
good as the current Type 260-A Q- 
Meter to which the Q data on the coil 
directly applies. The following table 
shows the approximate multiplying fac- 
tor which must be applied to the Q data 
stamped on the nameplate of the 5 18-A, 
making it generally applicable to an 
average Type 160-A Q-Meter. 

CORRECTION TABLE 

Coil No. 
5 18-A1 
5 18-A2 
5 18-A3 
5 18-A4 
5 18-A5 

Freqzlency Range 
15mc- 45mc 
5mc-  15mc 

1.5 mc - 4.5 mc 
150 kc - 450 kc 
50 kc - 150 kc 

A;P;Proximate Resonating Capacitance 

400 PPf  100 PPf  40 PPf  
0.86 0.96 1.15 
0.95 0.98 1 .oo 
1.00 1 .oo 1 .oo 
0.99 0.97 0.95 
0.97 0.90 0.83 

For additional information on these 
correction factors see “Q Meter Com- 
parison”, BRC Notebook, No. 2, Sum- 
mer, 1954. 

Service Note 
Low-frequency adjustment 
of R X Meter, Type 250-A 

Occasionally, a situation develops 
where it is impossible to achieve bal- 
ance at the lower frequencies when 
using the R X Meter, Type 250-A. The 
following discusses the method by which 
this condition may be corrected. 

All adjustments of the 250-A R X  
Meter bridge circuit are made at B.R.C. 
before the R, drum dial is calibrated, 
The actual calibration itself, entails the 
painstaking hand marking of every point 
along the effective 28 inches of the 
scale. 

However, since the nature of the in- 
strument is such that at frequencies 
above 100 MCS, the zero balance of the 
bridge is of necessity, very sensitive to 
minute variations in internal circuit 
capacitance; a scxew driver trimmer 
adjustment, described on page 7 of the 
Summer 1954, Number 2 issue of the 
Notebook, is provided to compensate 
for any slight changes that may occur 
after the dial is engraved. 

This is the only adjustment of the 
bridge circuit that should be made in 
the field. 

About an inch and a half to the right 
and slightly to the rear of this trimmer 
is another screw driver adjustment, 
designated, C 109 on the schematic, 
which can be seen when the top cover 
of the instrument is removed. (Figure 
1).  The setting of this trimmer is ex- 
tremely critical and upon it depends, to - 
a great extent, borh the accuracy of the 
Rp calibration and the proper balancing 
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CORRECTION TABLE

Approximate R6Jonating Capacit<l11Ce

40 MiLl
1.15
1.00
1.00
0.95
0.83

Frequency Range
15mc- 45mc
5mc· 15mc

1.5 me· 4.5 me
150kc-450kc
50kc·150kc

100 iLMI
0.96
0.98
l.00
0.97
0.90

Coil No.
5t8-Al
518-A2
518-A3
518-.-\4
518-A5

400 1'/4
0.86
0.95
1.00
0.99
0.97

For additional information on these
correction faaors see "Q Meter Com
parison", BRC Notebook, No.2, Sum
mer, 1954.

Service Note
Low-frequency adjustment
of RX Meter, Type 250-A

Occasionally. a situation develops
where it is impossible to achieve bal
ance at the lower frequencies when
using the R X Meter, Type 250-A. The
following discusses the method by which
this condition may be correCted.

All adjustments of the 250-A RX
Meter bridge circuit are made at B.R.C.
before the RI , drum dia:l is calibrated.
The actual calibratiOn itself, entails the
painstaking hand marking of every point
along the effecrive 28 inches of the
scale.

However, since the nature of the in
strument is such that at frequencies
above 100 MCS, the zero balance of the
bridge is of necessity, very sensitive ro
minute variations in internal circuit
capacitance; a screw driver trimmer
adjustment. described on page 7 of the
Summer 1954, Number 2 issue of the
Notebook, is provided to compensate
for any slight changes that may occur
after the dial is engraved.

This is the only adjustment of the
bridge circuit that should be made in
the field.

About an inch and a half ro the right
and slighrly ro the rear of this trimmer
is another screw driver adjustment.
designated, C 109 on the schematic,
which can be seen when the top cover
of the instrument is removed. (Figure
I). The setting of this ttimmer is ex·
tremely critical and upon it depends, to
a great extent, both the accuracy of the
Rp Ollibration and the proper balancing

eFor a full discussion of this subject
see Boonton Radio Corporation's in
strucrion manuals on Radio Frequency
Measurements, the Type 26O-A Q
Meter or Type 16O-A Q-Meter.
True Inductance (L): The true induct
ance of the coil may be determined by

l

and [60·...... A knowledge of the coil's
inductance and distributed capacitance
will be helpful in this application. e
Distributed Capacitance (~): The
value of distributed capacitance (the
effective disuibuted capacitance of the
coil assembly as measured in position
on the Q-meter) for the Q-St',lndard
can be determined by the following
formula. Any twO of the three setS of
data given on the nameplate of the coil
may be used.

L=----
w~ (C.+CJ)

and Effective InduClance (L~);

L

The resonating capacitance for any point
may now be determined by-

1
C,=---c"

c,,=----
C:!-n 2Cl

w'L

Use With Q-Meter Type 160-A

The low frequency and the high fre
quency performance of the Type 160·A
Q-Meter (designed in 1938) is nor as
good as the current Type 26O·A Q
Meter ro which the Q dara on the coil
direccly applies. The following table
shows the approximate multiplying fac·
ror which must be applied to the Q dara
stamped 00 the nameplate of the 518-A,
making it generally applicable ro an
average Type 16O-A Q-Meter.

Where
C I = internal resonating capaci.

rance teading at the first
frequency (fI ) .

C2 = internal resonating capaci
ranee reading at the sec
ond frequency (f2 ), where
the first frequency is an
integral multiple of se<
ond.

n ration of fl co f2

means of the internal resona/ing capaci
tor dials. Reading obtained should be
the same value as indicated on the
nameplate within the tOlerances of the
instrument and the coil.
Vre al a Work Coil: The Q-Standard is
useful as an extremely stable work coil
for accurate measurements by the paral
lel method with Q.Meters Type 260-A

cies marked on me nameplate. Adjust
the XQ concrols to obtain a reading of
Xl on the Multiply-Q~By meter at each
frequency seeting of the 26O-.-\. The
reading of me Q-Indicating meter at
each frequency should correspond to
the indicated Q value marked on the
Q-Srandard within the tolerance men
tioned above. For best resultS, the fre
quency of the Q meter should be set
using a crystal frequency calibrator.
Accuracy of lntem,u ReJonating Capaci.
tor CJ1ibrf'tion: The coil may be used
to check the accuracy of internal reso
nating capacicor dial readings. This is
done in the following manoer:

Allow the Q-meter to warm up for
one hour before mounting the Q-Stand
ard 00 the coil postS. Adjust for a
Multipry-Q-By reading of X1 while
adjusting the oscillator to the desired
frequeocy (which has previously been
checked against a crystal calibratOr).
Now tune the circuit co resonance by

figll,e 4. Checlring Colib,o,;on 01 Q on<l C.

figll'. 3. Seoling 0"",0/;0.. of 0 SlonJo,J..

6



T H E  N O T E B O O K  

of the bridge at all frequencies. Under 
no circumstances, therefore, should this 
trimmer be disturbed. 

In cases where users of the 250 have, 
nevertheless, turned this trimmer and 
ended up with a bridge which cannot 
be made to balance, especially at low 
frequencies, the following procedure will 
in most cases restore the instrument to 
normal operation. 

L/ 

1. 

2. 

v 

3. 

4. 

5. 

6. 

7. 

8. L 

Figure 1. Location of Trimmer, C109 for 
Adjustment Purposes. 

Set the frequency to .5 mc and the 
R, dial to 00 .  

Adjust the “detector tuning” knob 
in the normal manner for maxi- 
mum deflection of the meter. 
Position both the “R Coarse” and 
“R Fine” balance knobs so that 
the set screws are at “10 o’clock”. 
Turn the “C’ balance knob fully 
clockwise. 
Using the C, crank knob and the 
trimmer C 109 mentioned above, 
balance the bridge. This should 
occur at zero or within 10 mmfds 
in the silver portion of the C, 
dial. For the final balance, a slight 
adjustment of the “R Fine” bal- 
ance might be necessary. 
Using precision film resistors, 
check the accuracy of the R, dial 
at 10 k and at 200 ohms (Fre- 
quency still at 0.5 mc). If the 200 
ohm resistor reads low, turn the 
“R Coarse” knob a little .more 
counter-clockwise and repeat steps 
1, 2, 4, 5 and 6. If the 200 ohm 
resistor reads high, turn “R Coarse” 
knob clockwise and repeat as be- 
fore. 
Replace cover and check for 
balance. 
Check for balance at 200 and 250 
mcs as covered in the manual. 

The Price of an Instrument 

FRANK G. MARBLE, 

A general increase in our prices was 
put into effect on December 1, 1956; 
the first such adjustment in many years. 
This change was necessary because in- 
creased material costs and operating ex- 
penses could no longer be completely 
compensated by engineering and pro- 
duction ingenuity and increased volume. 
These factors had “held the line” for a 
remarkably long time; one instrument 
recently replaced by a new model, sold 
at the same price for almost ten years. 

The present necessity for a price 
change and the long period of stable 
prices in face of continuing increases in 
prices in the general economy, gave rise 
to some consideration of the price of 
an instrument. Just how does a com- 
pany establish such a price? Having 
established the price, how can it main- 
tain that price over sustained periods 
and still pay its expenses and make a 
profit? 

To produce an instrument, once a 
market is determined to exist and speci- 
fications have been established; engi- 
neering, development, and design must 
be undertaken to prepare models and in- 
formation from which manufacture can 
be undertaken. The market determina- 
tion and specification establishment are 
overhead expenses applicable to any in- 
strument development while the costs 
of engineering the instrument are for 
the most part specific and must be paid 
out of sales of the instrument. To pro- 
duce the instrument, materials must be 
purchased, labor expended and the in- 
strument must be advertised and called 
to potential customers attention. 

The price must be set prior to sale 
and thus calls for estimates and judg- 
ment, since actual specific experience 
is not available. The costs of engineer- 
ing can be ascertained since final pric- 
ing usually takes place near the com- 
pletion of the engineering cycle. The 
length of time over which the engineer- 
ing costs will be spread and the expected 
number of sales in that period must be 
estimated. The engineering costs can 
then be divided by this number of units 
which result now forms part of the in- 
strument’s cost. Material estimates and 
labor time estimates, yield additional 
costs. Finally, overhead, representing 
the costs of services; purchasing, selling 
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supervision, building, tool costs, etc. and 
profit are added and the price becomes 
available. 

The labor time estimates must be 
projected as an average over a period of 
time. The early instruments will always 
take much more time than the average 
for the life of the instrument. These 
early instruments will cost more than 
their selling price. Estimating this 
“learning curve” is important. As a 
minimum, the instrument must sell the 
number of units estimated within the 
time in which the engineering costs are 
to be repaid. If it sells additional units 
over a longer time, capital for additional 
engineering and a lowered price for 
subsequent instruments results. General 
attention to reasonable overhead costs 
must be continuously maintained. 

If all this work is properly done, a 
reasonably priced instrument will result 
which attracts customers over a con- 
siderable period of time. A properly 
engineered and priced instrument will 
return its purchase price many times 
over to its user. We believe, that elec- 
tronic instruments are one of the big- 
gest bargains available in today’s market. 

EDITORS NOTE 

It is widely feared our nation is fall- 
ing behind in the technological race. 
The worlds population is increasing at I 
an accelerating tempo but the need for 
technically trained personnel in this age 
of automation increases at an even faster 
rate. While waiting for the educational 
system to re-adjust itself in the light of 
present day reakies, most employers 
are searching for ways and means of 
improving the efficiency of our present 
crop of engineers. Magazines devoted 
to this problem have sprung up. Per- 
sonality and environmental factors are 
coming in for more attention. Psycho- 
logical terms - the “problem child’, 
non-conformist, the unconscious, the 
subconscious, the semi-conscious and 
the no-account are now found liberally 
sprinkled throughout our technical 
literature. 

FRANK G. MARBLE, Viu Pr"itlul-S.J"

The Price of an Instrument

THE NOTEBOOK

of the bridge at all frequencies. Under
no circumstances, therefore, should this
uimmer be dislUfbed.

In cases where users of the 250 have,
neverthel~ lUfned this trimmer and
ended up with a bridge which armor
be made to balance, especially at low
frequencies, the following procedure will
in most cases restore the instrument to
normal operation.

•

'",UN I. lOC'Olliooo 01 r'itn....'. C'Of I..,
A,ofjot.._1 ,...,,......

L Set the frequency to .5 me aocl. the
Rp dial to 00.

2. Adjust the "detector runing~ knob
in the nonnal manner for maxi
mum defleaion of the meter.

3. Position both me "R Coa.rse" and
"R Fine" balance knobs so that
the set screws are at "10 o·c1ock".

4. Turn the "C" balance knob fully
clockwise.

5. Using the e" crank knob and the
trimmer C 109 mentioned above,
balance the bridge, This should
occur at zero or within 10 mmfds
in the silver ponion of the Cu
dial. For the final balmce, a slight
adjustment of the "R Fine" bal
ance might be necessary.

6. Using precision film resistors,
check the accuracy of the RII diaJ
at 10 k and at 200 ohms (Fre
queocy scillit 05 me). If the 200
ohm resistor reads low, turn the
"R Coarse" knob 11 little more
coumer-clockwise and repeat steps
I, 2, 4, 5 and 6. If the 200 ohm
resistor reads high, lUfn"R Coarse"
knob clockwise and repeat as be
fore.

7. Replace cover and check for
balance.

8. Qurl: for balance at 200 and 250
rnes as covered in the manual.

A general increase in our prices was
pm into dfect on December 1, 1956;
the first such adjust:ment in many years.
This change was necessary because in·
creased material COStS and operating ex
penses could no longer be completely
compensated by engineering and pro
duction ingenuity and increased volume.
111ese factors had "held the line" for a
remarkably long time; one instrument
re<endy replaced by a new model, sold
at the same price for almost ten years.

The present necessity for I. price
change and the long period of stable
prices in face of continuing increases in
prices in the general economy, gave rise
to some consideration of the price of
an instrument. JUst how docs a com
pany establish such a price? Having
established the price, how can it main
tain that price over SUStained periods
and still pay its expenses and make a
profit?

Tn produce m instrument, once a
marker is determined TO exist and speci·
ficarions have been established; cogi
neering, development, and design must
be undenakco to prepare models and in
formation from which manufacrure can
be undertaken. The marker derermina
tion and specification establishment are
overhead expenses applicable to any in
strument development while the COSts
of engineering the instrument arc for
the most part specific and must be paid
out of sales of the instrument. To pro
duce the instrument, mluerials must be
purchased, labor expended and the in
strument mUSt be advertised and called
to potential customers attention.

The price must be set prior to sa.le
and thus calls for estimates and judg
ment, since acrual specific experience
is nor available. The costJ of engineer.
ing can be ascertained since fina.! pdc
ing usually takes place near the com·
plerion of the engineeting cycle. 1be
length of time over which the enginttr
ing costS will be spread and the expected
number of sales in that period must be
estimated. 1be engineering costS can
then be divided by this number of units
which result now forms part of the in·
strument's COSL Material estimates and
labor time estimates, yield additional
COSts. Finally, overhead, representing
the COSts of services; purchasing, seUing,
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supervision, building, rool costs, erc. and
profit are added and the price becomes
available.

The labor time estimates must be
projected as an average over a period of
time. The early instruments will always
take much more time than the average
for the life of the instrument, These
early inStruments will COSt more than
their selling price. Estimating this
"lcarning curve" is important. As a
minimum, the instrument must sell the
number of units estimated within the
time in which the engineering COStS are
to be repaid. If it sells additional units
over a longer time, capitaJ for additional
engineering and a lowered price for
subsequent instruments results. GcnenJ
attention to reuonable overhead COSts
must be continuously maintained.

If all this work is properly dooe, I

reasonably priced instrument will result
which attractS CUStomers over a con
siderable period of rime. A properly
engineered and priced instrument will
rerurn its purchase price many times
over to its user. We believe, that e1ec
uonic instruments are one of the big
gest bargains available in today's marker.

EDITOR'S NOTE

It is widely feared our nation is fall
ing behind in the technological race.
The world's population is increasing at
an accelerating tempo but the need for
technically trained personnel in this age
of automation increab at an even faster
rate. While waiting for the educational
system to Ie-adjust itseU in the light of
present day rClUiries, mosr employers
are searching for ways md means of
improving the efficiency of our present
crop of engineers. Magazines dev<Xed
to this problem have sprung up. Per
sonaJiry and environmenta.l factors are
coming in for more attention, Psycho
logical terms - the Mproblem child",
non-eonfocmist, the unconscious, the
subconscious, the semi-eonscious and
the no·accounr are now found liberally
sprinkled throughout our techniCal
licerawre.
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No longer is Management concerned 
solely with the technical merit of the 
engineering applicant. In the larger cor- 
porations where Research and Develop- 
ment receives a significant share of the 
budget dollar, the biological or“animate 
sciences” - psychology, psychiatry, even 
phrenology are increasingly coming into 
use in the appraisal of applicants. In 
some corporations psychological testing 
is already routine. Sweating palms, 
twitching of the eyebrows (perhaps due 
to a sadistic mosquito that prefers ap- 
plicants over interviewers) may be cause 
for rejection even though the applicant 
has his shoes shined, his Sunday suit 
pressed and an impressive background. 
A handshake that is too firm may indi- 
cate a potential “Stakhanovite,” one who 
is geared up at a high rpm and may 
therefore cause a serious morale prob- 
lem among those who work at a more 
normal rate. On the other hand, an 
engineer with a weak handshake might 
be suspect as a latent bohemian, a non- 
conformist indifferent to the need for 
“getting along”. 

If he is unfortunate enough to pass 
these batteries of tests and possesses the 
proper phrenological characteristics, he 
is hired. These phrenological require- 
ments, incidentally, vary from company 
to company; some companies demand 
two bumps on the forehead and one aft, 
symmetrically spaced; others are more 
modest, requiring only one bump fore 
and aft. This matter of phrenological 
standards will be aired by an industry- 
wide Committee that is being estab- 

+ 

lished to standardize criteria on employ- 
ment as a guide for interviewers. The 
committee will be known as the Com- 
mittee on Interview Criteria or the CIC 
committee (for phonic convenience it 
is rhymed with sick). 

There follows assignment to an R/D 
ream, which must be productive of new 
ideas to justify itself. Now ideas, cre- 
ative ones, are difficult things to come 
by since the technically trained mind, 
it is believed, is something inhibited 
from seeing the true relation between 
things due to its peculiarly one-sided 
education and isolation from the ad- 
ministrative end of things where com- 
pany policy is made. Nevertheless a 
brave stab is being made by utilizing 
the latest advertising technique of gen- 
erating ideas for “selling” a product. 
This is called “brainstorming” or cranial 
ventilation and is similar to the free 

association principle used in psycho- 
analysis to liberate facts from the “un- 
conscious”. It goes something like this- 

The engineering team is placed 
around a large circular table in a room 
devoid of distracting decor such as pic- 
tures ( especially nostalgic landscapes) , 
curtains, etc. Lights are turned low, and 
binaural “think’ music pours softly out 
of speakers hidden in the ceiling. A con- 
templative mood established, the engi- 
neers are now to toss any ideas that pop 
into their heads into a pot. This goulash 
is gingerly examined from time to time 
by the Idea Co-ordinator who hopes to 
find therein a few pearls of thought. 
But alas, it is being sadly admitted that 
no sooner do the lights dim than the 
“think’ music is transformed through 
some perversity of the engineering brain 
into “dream” music that produces only 
yawns and snores. 

The inevitable reaction is beginning 
to set in. There is now a real danger 
the policy of the “hard school” will take 
effect. This consists of placing the engi- 
neer’s head in a wine press adapted for 
the purpose and squeezing. Ideas, if 
any, are caught in a large beaker of 
formaldehyde, the heaviest ideas set- 
tling to the bottom, the others remain- 
ing in suspension. 

Any evidence obtained from “mod- 
ern” methods to the contrary, engineer- 
ing is still a profession for enthusiastic, 
hard-working-people well grounded in 
fundamentals. The horizons have broad- 
ened but the basic requirements are not 
different. 

-’ 
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No longer is Maruigement conce-mOO
solely with the technical me-rit of rhe
engineering applicanL In the larger cor·
ponuions where- Re:st'UCh and Develop
~nt receives a significant share of the
budgt't dolla.r, the biological OJ'~aninute

sciences" - psychology, psychiatry, even
phrenology ue increasingly coming inra
use in the appfll.isal of applicantS. In
some corponuions psychological testing
is already routine. Swearing palms,
rwirching of the eyebrows (perhaps due
to a sadistic mosquito that prefers ap
plicants over interviewers) may be cauSt'
for rejection even though the applicanr
has his shoes shined, his Sunday suir
pressed and an impressive background.
A handshake that is too firm may indi
cate a potential "Stakhanovite," one who
is geared up at a high rpm and may
therefore cause a serious morale prob
lem among those who wotk at a more
normal nue. On the other hand, an
engineer with a weak handshake mighl
be susp«l as a latent bohemian, a non
conformist indifferent to the need for
"getling along~.

If he is unfonunate enough to pass
Illest' batteriq of testS and possesses the
proper phrenological chancteristics, he
is hired. These pbrenological require.
mena, incidentally, vary from company
10 company; some companies demand
twO bumps on the forehead :and one afr,
symmeuically spaced; Others are more
modest, requiring only one bump fore
and :aft. This matter of phrenological
srandards will be aired by an industry
wide Committee mat is being estab-

lishtd to standardize crireri:a 0lI employ
ment :IS a. guide for intervit'WetS. The'
committee will be known :IS the Com
miuee' on Interview Criteria or the OC
committee' (fOJ' phonic cooyerueoce it
is rhymed with sick).

There follows assignment ro llJl RID
te:uD, which must be productive of Dt'W
i<kas to justify i~lf. Now ide:u, cre
atiye ones, are difficult things to come
by since lhe technically mined mind,
it is beliC'Ved, is somC'thing inhibited
from SCC'ing the true relation between
things due to iu peculiarly one-sidtd
education :and isolation from the ad
ministrative end of things where com
pany policy is IIl2de. NC'Vertheless a
blllve stab is being m:ade by utiliz.i.ng
the latest advertising technique of gen
erating ideas for "selling" a product.
This is called ~br2instorming" or Cf:anial
ventilation and is similar to the free

associ:ation principle used in psycho
analysis to libelllre f:acts from the "un
consc:ious~. It goes something like this-

The engine-ering team is pl2ced ----
around a large circular table- in :a room
dC'Void of distracting decor such as pic.
tur('S «('Specially nostalgic landscapes),
curntins, t'tc. Lights are turned low, and
binaUfllI "think" music pouts softly OUt
of speakers hidden in th~ ceiling. A con
templative mood established, the engi-
neers are now to tOSS any ide:u that POP.
into th~ir heads into a pot. This goulash
is gingerly examined from time to time
by the Idea Co-ordinator who hopes to
find therein a few pearls of rhOtlght.
Bur alas, it is being sadly admitted that
no sooner do the lights dim than the
"think" music is tra.nsformed through
some perversity of the engineeting brain
into "dream" music that produces only
yawns and snores.

The inevitable reaction is beginning
to set in. There is now a real danger
the policy of the "hard school" will uke
elfC!Cl. This coosist:5 of placing the engi
nCC'is head in a wine press ada~ed for
the purpose and sqUeellng. Ideas, if
2I1y, are caught in a large beaker of
formald~hyde, the heaviest ideas set·
t1ing to the bottom, the others remain
ing in suspension.

Any evidence obr2ined from "mod-
ern" methods to the contrary. enginee'r. __
ing is still a professioD for enthusiastic,
hard-working'peopl~ well grounded in
fundamenuls. The horizons bave broad,
ened but the basic rcquirem~nts are nOt
different.
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NUMBER 13 

Q Meter Techniques 
NORMAN 1. RIEMENSCHNEIDER, S a l e s  Elzgi lzeer  

The Q Meter has frequently been de- 
scribed as one of the most flexible in- 
struments available with applications 
limited largely by the ingenuity of the 
person using it. It is our desire here to 
delineate some of those techniques, not 
normally encountered in everyday work, 
in the hope that wider dissemination 
of information gathered through many 
channels, will prove of some value. 

In order to approach our specific 
problems in a general way, it might be 
well to review some basic facts relative 
to the operation of the Q Meter. 

The Q Meter is always operated with 
-a coil connected to its coil terminals. 

If we are interested in measuring the 
Q of a coil, this coil will be connected 
to these terminals and it will be meas- 
ured in one operation. If we are in- 
terested in making other measurements; 
(i.e., the Q of a capacitor, the imped- 
ance of a circuit, the parameters of a 
tuned circuit; etc.), we still need a coil, 
even though we are interested in that 
particular coil only as .a reference. This 
so-called “work coil“ would probably 
be a shielded unit to prevent stray 
coupling, hand-capacitance effects, etc.; 
and might be selected for its inductance, 
Q; etc., as needed for the particular ap- 
plication involved. 

In making measurements (other than 
the Q of a coil} of circuit parameters 
there will be two steps involved. The 
first will be with the work coil mounted 
on the Q meter, where the resonating 
capacitance (Cl) ,  circuit Q (Ql) ,  and 
frequency will be recorded. The second 
will be with the unknown connected in 
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Figure 1 .  
fhe capacitance on a Type 260-A Q Meter. 

The author connects a fixed capacitor to the terminals of a series jig prior to measuring 

addition to the work coil and once again 
the above reading will be noted, this 
time as C2 and Qz. 

From this data the desired parameters 
can be determined using the appropriate 
formula selected from those shown in 
figure 2. High impedance circuits are 
measured by connecting them in purallel 
with the Q Cupacibor; i.e., across the 
“Capacitor” terminals, and using the for- 
mulas shown under the heading “Paral- 
lel Connection to Q Circuit”. If the 
unknown consists of more than one 
parameter, it should be noted that the 
equivalent parallel parameters are ob- 
tained in this manner. Low impedance 
circuits are measured by connecting 
them in series with the “Low” side of 

the coil. In like manner the “Series 
Connection to Q Circuit” formulas are 
used to yield the equivalent series $urd- 
meters of the circuit involved. 

With the above in mind, it might be 
well to resolve some specific problems. 

1. Measurement of Coils. 

a. Coil inductunce too greut t o  re- 
sonate with minimum capacitance of Q 
Meter at desired frequency. Since this 
can be considered a high impedance 
measurement, the unknown coil can be 
connected to the capacitor terminals and 
readings of C1, C-, Q1, and Q A  made 
in two steps. There will actually be two 
coils involved in this measurement. C1 
and Q1 will be the values read with the 
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The Q Mttcr has frequently ~n de
scribed as ooc of the mOSt flexible in
$trumelll.'i available with applicalions
limited lalgely by the ingenuity of the
person using it. It is our desire here to
delineate some of Ihose techniques, not
normally encountered in everyday work,
in the hope thllt wider dissemination
of information gathered through many
channels, will prove of some value.

In order to approach our specific
problems in a gcnernJ way, it might be
wdl to review some basic faas relative
to tbe operation of the Q Meter.

The Q Meter is always operated with
a coil connected 10 its coil terminals.
J( we afC interested in measuring the
Q of a coil, this coil will be connected
to these terminals and it will bt; meas
ured in one operation. If we are in·
ICU'Sled in making oc:her measurements;
(i.e., the Q of a capacitOr, the imped
ance of a circuit, the parameters of a
tUned circuit; etc.), we still need a coil,
even though we arc inrerested in that
particular coil only as.a reference. This
so-called "work coil" would probJ.bly
be a shielded unit to prevent stray
coupling, hand.-capacirance effectS, etc.;
and might be selected for irs inductance,
Q; ere., as needed for the particular ap.
plication involved.

In making measurements (ocher than
the Q of a coil) of circuit parameters
there will be twO su~ps involved. The
first will be with the work coil moumed
on the: Q meter, where the resonaring
capaciraoce (Cd, circuit Q (Qd, and
frequency will be recorded. The 5eCond
will be with the unknown connecred in
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addirion to the: work coil and once again
the above reading will be nored, this
time as~ lmd Q.!o

From this dara the desired parameters
can be determined using the appropriate
formula selecred from those shown in
figure 2. High impedance circuits are
measured by connecting them in piJrall.t
with the Q C"pacilQr; i.e., across the
"CapacitOr" terminals, and using the for
mulas shown under the heading "'Paral
lel Connection to Q Circuit". If the
unknown consists of more than one
parameter, it should be noted that the
equivAlent parAiI.1 paramerers are ob
rained in this manner. low impedance
circuits are measured by connecring
them in setia with the "Low~ side of

the coil. Ln like manner the "~ries

Connecrion to Q Circuir~ formulas are
used ro yidd the eqlliv",Jem series p",,,,
meters of the circuit involved.

With the above in mind, it might be
wdl to resolve some specific problems.

1. Measurement of Coils.

:l. Coil indu~/an~e 100 8real 10 re
sonate with minimum capacita1lce of Q
Meter al desired frequ(J1I~Y. Since this
can be considered a high impedance
measurement, the unknown coil can be
connened to the capacitor terminals and
readings of ell c~, Qh and Q~ made
in tWO steps. Therl' will aaualJy be twO
coils involved in this measurement. C1
and QI will be the values read with the
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work coil only mounted on the coil 
terminals. Cz Q z  are made after the 
unknown coil has been added across the 
capacitor terminals and the measurement 
is made with both coils connected. For- 
mula 3b will yield the inductive react- 
ance and 2b will give the equivalent 
parallel resistance. Combining these two 
parameters, formula 1b will give the Q 
directly. 

b. Maximum resonating ca#acitance 
on Q Meter insufficient at chosen fre- 
quency. I f  it is desired to measure a 
coil having so low an inductance that 
it cannot be resonated with the capacit- 
ance available on the Q Meter, addi- 
tional capacitance can be added across 
the Q Meter capacitor terminals and 
the coil measured in a normal manner. 
The additional capacitance must be 
known, if it is desired to compute the 
reactance of the coil. 

c. Measurement of extremely high Q 
coils. If the Q of a coil is beyond the 
range of the Q meter with its highest 
XQ multiplier, it can be measured using 
the same procedure described under (a )  
above. 

d. Measurements at frequencies below 
j0 Kc. Measurements can be made on 
both the 160-A and 260-A Q Meters at 
frequencies down to 1000 cps by dis- 
connecting the Q Meter oscillator and 
supplying the instrument signal from 
an external source through a Coupling 
Unit Type 564-A. A jack has been pro- 
vided in the top of the 160-A Q Meter 
for this purpose. The 260-A has also 
been provided with a removable panel 
in the rear of the instrument where 
disconnection of the 50-ohm cable from 
the thermocouple block by means of a 
BNC connector allows easy adaption to 
low frLquency measurements. Any audio 
oscillator having good waveshape and 
capable of developing a variable voltage 
up to 22 volts across 500 ohms can 
be used. 

For coil measurements at these lower 
frequencies, it will probably be found 
necessary to provide additional capacit- 
ance across the capacitor terminals to 

SERIES CONNECTION TO Q CIRCUIT 

(Ci-Cz) Qi Qz 
CI Qi-Cz Qz 

Q. = 

1.59 X 10' (Ci-Cz) 
f c1c2 x. == 

PARALLEL CONNECTION TO Q CIRCUIT 

1.59 X 10' Qi Qz 
f ci(Q1-Q~) 

R, = 

1.59 X lo8 X,=- 
f (Cz-Cd 

2.53 X 10'' 
f 2  (Cz-C,) 

L, = 

c * = L i 2 L  (Sa) c, = c1-CZ 
(Cz-C,) 

When C1 is: 
Greater than Cp, X. is inductive ( + ) . 
Less than Cz, X, is capacitive ( - ) . 
In the formulas for Q, the quantities ( Cl-Cz) and (C2-Cl) are always considered positive. 
The following symbols refer to values of the unknown impedance, 2: 

When C1 is: 
Greater than C2, X, is capacitive (-). 
Less than CZ, X, is inductive ( + ) . 

The units used are: 

Q. = Q of the unknown impedance R, = Effective parallel resistance. R = Resistance in ohms. 
R. = Effective series resistance. X, = Effective parallel reactance. X = Reactance in ohms. 
X, = Effective series reactance. L, = Effective parallel inductance. L = Inductance in microhenries. 
L. = Effective series inductance. C, = Effective parallel capacitance. C = Capacitance in micro-microfarads. 
C. = Effective series capacitance. f = Frequency in kilocycles per second. 

Figure 2. General formulas for series and parallel connections. 

SERIES CONNECTION TO Q-METER PARALLEL CONNECTION TO Q-METER 

c, = c, = C1-C.2 

In the above formulas the same units, symbols and conditions stated in figure 2 apply except that these 
formulas are accurate only for impedances having a Q greater than 10. The formulas in figure 2 are accu- 
rate for any impedance. 

Figure 3. Series and parallel connection formulas for impedances having a 0 greater than 10. 

X. 6.28 X 103 fL. 1.59 X IO8 R, 159R, 
- -  - 6.28 x 109 f ~ ,  c, - - Qx=R,= RS fR.C, X, fLp 

(114  R p = & ( 1 + Q x 2 )  R, 
1 + Qx2 

1 + Q2 QX2 

1 + Qx2 (13a) L, = L, - QX' L.=L,- 
1 + Qx2 QX2 

QX2 (14a) c,=c,- 1 + QX' C*=C,- 
QXZ 1 + Qx' 

R.= - 

1 + Qx2 x,=x,- QX2 (12a) x,=x,- 

Figure 4. Series to parallel transfer formulas. 

resonate the inductors frequently en- 
countered in this frequency range. In 
using an external oscillator, care must 

be exercised that the output attenuator 
is turned all the way down before con- 
necting to the Q Meter in order to pre- 
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f' (C, Cd

THE nRC NOTlWOOK is published
four times II y''''' by th, noo"ton R..Jio
Corpora/ion. It is ",ail,d free of ch..,.g'
10 Soltmt;"U, ,,,g;neer, and other imer·
ested p,,,onJ in the commu"htSt;ons
tS"d eleuronics fi,lds. 1'h, coments mtS.,
be· reprinted only u-jth w.;mHl perm;I'
sion from Ihe editor. Your commtmu
..nd suggestion, are ",4/eome, and
sboulJ he aJdreued So; Editor, THE
BRC NOTEBOOK, BoonlMs R..dio
CorportSl;On, Boomo", N. }.

(C,-Co) Q, Q,
Q,=

C,Q, C,Q.

U9 X 10" G:-Q,-Q.)

R.=
fC,Q,Q.

I.S? X 10" (C,-CO)
x.= IC,Co

2.53 X 10J~ (C.-Co)

PC,Co

(t.l

(2.)

'h)

(.of. )

Q.=

R,=

(C,-C,lQ,Q,

C,(Q, Q,)

1.59 X 10' Q, Q,

fC,(Q, Q,l

(Ib)

(2b)

ObI

(4bl

(7b)

(60)

(Sbl

'""

(5b)

(l2b)

( 10)

{\3hl

{ IIbl

I.S9 X 10'C, (Q,-Q,l

I(C, C,J'Q,Q.

R = R....' • ...,., i" ohm..
X= R....,"'''''. in ohm<.
L = Indue"",ce in microhen,;n.
C = Capacit.nce in micro-microf....d•.
1= F""'luency in kilocydcs 1"" oewnd,

x.=x = I.j9X 10"
• I (Cr--C,)

2.53 X ((II.

fS(C, C,I

c. = c. = C,~c,

P"RAl.LEL CONNfCflON TO Q-M.liTER

R,=R.(J+Q.'l

X=X I+Q.'
• • Q,'

c,= C,-c,

r.,.=I.,I+Ql
Q,'

Q,'
c,=c, I+Q.'

be exercised that the output attenuator
is turned all the way down before con
necting to the Q Meter in order to pte-

When C, is:
G,,,,,,cr ,han c" X. i. capaci,ive (-).
Leoo ,h." CO, X, i. indue,iv. (+).

R IS9R
....! = --'= 6,28 X 10-' f R,. C.
X. I~

(s.)

,<0,

,!>o,

(5.1

( 14.)

( II.l

( 13.)

( 12.)

R. = Effe<1:ive parallel ....i.(O.""".
X. = Effec,ive pa... llol <ClIoC"mcc.
r.,. = Effec,i"" pa'allel indue(O.n~,

C. = Effe<1:i.... parallel capaci,.nce.

1.59 X Ill"

f R. Co

figu'. 4. 50';"'0 pn,ollol ',onolor formuloa.

2.53 X 10'· (C,-CO)

I,C,C,

159 X 10" (C,-C,l'Q,Q,

IC,C,{C,Q, C"Q.l

X.=X,= I.S9XlO"(C,-C,l (7.)
IC,C,

Co = c. = --iC~'C~,~
(C. C,l

SER1.£S CONNt:Cfl0N TO Q.METER

c. ~ ---i.C,:,'«;c.
(c, C,)

0.'
X.=X. I+Q,'

In ,1>0 .hove formula. ,he ...... uni.., 'ymbol>,."d condi,io'" ''''w in fig"'" 2 .pply exc"p' ,hll ,~
fotm"I •• orc .c...,,,,,,e only In, impedances hninll • Q ll""'''''' ,han 10. The fo,m"I2> in fig"... 2 .... ace<>·
ra'" for any itoped.""".

fig"... 2. Gonarol 'o,m"lo. for ... ,ina o"d po,olla' co"""",;o"••

'igur. 3. S.,;.. and poro/I.' <onneefion fo,mulo. '0' ;mp4do"c". haying a a 9'01<'.' ,lton 10.

resonate the mductors frequemlY en
Countered in this frc<Jueocy range. In
using an external oscillatOr, care must

W/>enC, io:
G~,~, th.n CO, x., .. induc,ive (+l.
~ d,an c"x. it capaci,ive (_).

Q, = Q of ,he ""known imped.nce
R. = Effecti.......,ieo resi".l\tt.
X. = Elfordve .."i.. reactal\tt.
I., = Effe<1:ive "",ie> i"dw;unce.
Co = Eflec:.ive ..ri.. OIl""'itarw:e.

In ,he lo,m"l"" for Q, ,he <J""n,i,ies (C,-C,l .nd (C.-C,) .... alway. """,ide""" posi,i"".

The following .ymbols ...1,... to volllH 01 ,be unknown imped.net, Z, The unil. uxd ....:

work coil only moume<! on the coil
terminals, C2 Q2 are made after the
u,lknown coil has been added across the
capacitor terminals and the measuremem
is made with both coils connected. For
mula 3b will yield tbe inductive reac{
ance and 2b will give the c<Juivalem
parallel resistance. Combining these twO

parameters, formula lb will give the Q
directly.

b. Maximum resonating t:/lp/lt:ilant:f!
on Q Meter insuffic.iem at t:hosen fre
quency, If it is desired to measure a
coil having so Iowan inductance that
it cannOt be rcsanated with the capacit
ance available on the Q Meter, addi
tional capacitance can be added across
the Q Meter capacitor terminals and
the coil measured in a normal manner.
The additional capacitance must be
known, if it is desired to compute the
reaCtance of the coil

c. Measu,ement of ext,emely high Q
coils. If the Q of a coil is beyond the
range of the Q meter with its highest
XQ multipliet, it can be measured using
the same ptocedure described under (a)
above.

d. MeaJU'e111etlts at f,squenciu below
)0 kc, Mcas=ements can be made on
both the lGO-A and 260·A Q Meters at
frequencies down to 1000 cps by dis
connening the Q Meter oscillator and
supplying the instrument signal from
an external source through a Coupling
Unit Type 564-A. A jack has been pra.
vided in the TOp of the lGO-A Q Meter
for this purpose. The 260-A ha5 also
been provided with a removable panel
io the rear of the instrument whete
disconnecrion of thl" 50-ohm cable from
[he thermocouple block by means of a
BNC connector allows easy adaprion to
low frequency measurements. Any audio
oscillator having good waveshape and
capable of developing a variable voltage
up to 22 volts across 500 ohms can
be used,

for coil mca:mrcmrnts at these lower
frequencies, it will probably be found
necessary to provide additional capacir
ance across the capacitor terminals to

2
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clude possible thermocouple damage. 
Reasonably good waveshape is required 

L/ of the supply, since the thermocouple 
responds to the rms voltage and the Q 
Voltmeter is a peak-reading device. The 
presence of harmonics will therefore 
affect the Q reading. 

e. Dielectric measurements at  l o w  fre-  
qaencies. We have had many inquiries 
from customers relative to the use of 
a Q Meter for low frequency dielectric 
measurements. On information received 
from the field, a typical installation for 
1 kc operation would include, in addi- 
tion to a Q Meter and a 564-A Coupling 
Unit, a Hewlett-Packard audio oscil- 
lator Type 200 AB (20 cycles to 40 kc), 
a UTC Type MQ €3-11 inductor and a 
good variable or decade capacitor hav- 
ing up to approximately 1500 MMFD, 
or equivalent equipment. Operation at 
other frequencies would have other in- 
ductance or capacitance requirements. 

f. Inductance measurements. It might 
be worth noting that in using the L/C 
dial for direct inductance measurement, 
the effective inductance is given. If it 
is desired to read the true inductance 
and the distributed capacitance, Cd, is 
known, it can be done by increasing the 
capacitance dial setting, after resonance 
has been established, by an amount equal 

U to the Ca and reading off the corres- 
ponding value of inductance as the true 
inductance. 

2. Measurements of Capacitors. 

This is a fairly common operation and 
there is no point in elaborating on it. 
Briefly, the Q of a capacitor is eval- 
uated by first selecting a suitable coil 
and measuring its Q and resonating 
capacitance on the Q Meter. After not- 
ing these as Q1 C1, the unknown ca- 
pacitor is connected across the capaci- 
tor terminals and the circuit is once 
again resonated using the internal Q 
capacitor. Values of Q2 Cz are recorded, 
and from Q1, Q2, C1, and C2, the Q of 
the unknown can be computed using 
the appropriate equation in figure 2. It 
might be noted that the accuracy of 
measuring capacitance can be improved 
by using an external variable precision 
capacitor. Since this measurement is 
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OWNERS OF SIGNAL GENERATORS, TYPE 
202-F FM-AM AND UNIVERTERS, TYPE 
207-F PLEASE NOTE 
Final Operating Instruction Manuals for 
these instruments are now available. If 
you have not received your copy, please 
let us know and it will be forwarded im- 
mediately. 
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Figure 5. 
Q Meter, Type 260-A. 

Ranges of measurable resisfance on 

essentially one of substitution, the range 
of measurable capacitance can also be 
extended by using a coil with less in- 
ductance, thereby requiring the addition 
of more external capacitance. 

Large capacitors may be measured by 
connecting them in series with the low 
side of the coil. For this measurement, 
however, a coil is used whose inductance 
will resonate to the desired test fre- 
quency with the Q capacitor set to the 
high capacitance end, so that the addi- 
tion of the test capacitor will cause a 
measurable change. It is also necessary 
to shunt the capacitor under test with 
a 3 to 10 megohm resistor to provide 
a dc return path for the voltmeter. 

With large capacitors it is particularly 
important to minimize lead length. 
Shorting the capacitor out, rather than 
removing it entirely, during the first 
measurement is desirable. 

Figure 6. Grid electrode holder for measuring 
mica in a plane parallel to the cleavage plane. 

(Courtesy of Bell Telephone Ldboratorzes and 
American Society for Testing Materials. Prom 
ASTM Designation: 0748-S4T. Reprinted 
with permissiom.) 

3. Measurements of Resistors at 
Radio Frequencies. 

Resistors are handled either in series 
with the low end of the coil or in par- 
allel with the capacitor terminals, de- 
pending upon whether the resistance 
value is low or high respectively. There 
are values of resistance for each fre- 
quency, however, that cannot be meas- 
ured. Some idea of this can be had 
from figure 5. The use of the low Q 
scale tends to shrink this area which 
cannot be measured and there have been 
articles1 in the literature describing other 
techniques that can be employed to sur- 
mount this problem. 

4. Measurement of Mica. 

Q Meters have found wide applica- 
tion in the sorting of mica based on its 
dielectric properties. The measurement 
can be accomplished in the perpendicular 
plane, using a clamp type holder with 
suitable test electrodes, or in a plane 
parallel tQ the cleavage plane using a 
holder with grid electrodes. The latter 
is illustrated in figure 6. The actual 
test methods employed have been ade- 
quately covered elsewhere2. 

5. Application of Biasing Potentials. 

It is sometimes desirable to investi- 
gate circuits with biasing potentials or 
currents applied during the measure- 

CAP 
TERM ’ 

G N D ~  - - - 

Figure 7. Circuit for applying Q Meter bias. 

ment. Figure 7 illustrates how this 
can be accomplished using a blocking 
capacitor and a high impedance power 
source. Capacitor C must be large enough 
to present negligible reactance at the 
operating frequency, and R must be high 
enough to prevent loading of the circuit 
by the power supply. The applied vol- 
tage will be determined by the resistance, 
R, and the biasing current. Polarity of 
the battery and magnitude of the bias- 
ing current are inconsequential to the 
operation of the Q Meter. 
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",·"b p_U/;OW.)

mcur. figure 7 illustrates how this
an be accomplished using a blocking
capaci£Or and a high impedance power
source. Capacitor C must be large enough
ro prese:m negligible reactance at the
operating frequency, and R must be high
enough ro prevent loading of the circuit
by the power supply. The applied '101

rage will be determined by che resistance,
R, and che biasing current. Polarity of
the battery and tn:lgnitude of the bias·
ing ronem are inconsequential to the
operation of the Q Merer.

3. Meosurements of Resistors ot
Radio Frequencies.

Resisrors are handled eirher in series
with lhe low end of che coil or in par.
allel with rhe capacitor terminals, de·
pending upon whether the resistance
value is low or high respectively. There
are values of resistance for each fre
quency, howcver, that callnor be meas·
ured. Some idea of this can be had
from figure 5. TIle use of the low Q
5Clle rends to shrink chis area which
canDO( be mcasured and there have been
artides' in rhe literature describing orher
rechniques that can be employed to sur
mount this problem.

4. Measurement of Mica.

Q Meters have found wide applica
tion in the SOrting of mica based on its
dielectric properties. The fficasuremc:m
an beaccomplished in rhe perpendicular
plane, using a clamp type holder with
suitable test elecrrooes, or in a plane
parallel to the c1eawge plane using a
holder with grid elecrrOOes. The latter
is illustrated in figure 6. The actual
test methods employed have been ade
quately covered elsewhere2.

S. Application of Biasing Potentials.

It is sometimes desirable £0 investi
gate circuits with biasing poremials or
currents applied during tbe mcasure·

u .._
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essentially one of substitution, the range
of measurable apacitance can also be
extended by Ilsing a coil wirh less in
ductance, [hereby requiring the addition
of more external capacitance.

Large capacitors may be measured by
connecdng them in series with the low
side of rhe coil. For this measurement,
however, a coil i5 used whose inductance
wiU resonate to rhe desired test fre
quency 9,'ith the Q capaci£Or set £0 the
high capacirance end, so char the addi
tion of the test capacitor will cause a
measurable change. It is also necessary
to shun! rhe capaciror under rest with
a 3 to 10 megohm resisror to provide
a dc rerum path for rhe voltmeter.

Wim large capacitOrs it is parricularly
important ro minimize lead length.
Sboning the capacitor out, rathcr than
removing it emirely, during the first
measurement is desirable.

.•-

--dude possible thermocouple damage.
Reasonably good waveshape is required
of the supply, since the mermocouple
responds lO rhe rms voltage and me Q
Voltmerer is a peak-reading device. The
presence of harmonics will therefore
nHen the Q reading.

c. DielectNc meQJuremenls at low fre
f/flendes. We havc had many inquiries
from cuSlOmers relative to the usc of
a Q Meter for low frequency dielectric
measurements. On information received
from the field, a typical installation for
I kc operation would include, in addi
tion lO a Q Meter and a 564·A Coupling
Unir, a Hewlen·Pad:ard audio oscil
lator Type 200 AB (20 cycles to 40 kc),
:l UTe Type MQ 8-11 induaor IInJ a
good variable or decade capacilOr hav
ing up ro approxitn:ltdy 1500 MMFD,
or equivalent equipment. Operation at
orher frequencies would have other in
ductance or capacitance requirements.

f. [nduClance measurernents. It might
be worch notins thnt in using the LIC
dinl for direct inducronce measurement,
the effeClive inductance: is given. If it
is desired to read the: true inductance
and the distributed capacitance, C!, is
known, it an be done: by im:reas;ng rhe
capacirance dial setting, after resonance
has been established, by an amount equal
to rhe Cc! and reading off me corres
ponding VlI1ue of induaana: as che rrue
induetanee.

2. Measurements of Capacitol'$.

This is a fairly common operation lind
mere is no poinr in elaborating on it.
Briefly, the Q of a capacitor is eval
uated by first scl«dng a suitable coil
and measuring its Q and resonaring
capacimnce on the Q Meter. After not
ing these: as Ql CI> the unknown ca
pacitor is connected across the capaci
lOr terminals and Ihe circuit is once
again resonated using the internal Q
capacilOr. Values of Qa C: are recorded,
and from Q" Q:, Cit and G.!, the Q of
the unknown an be computed using
rhe appropriare equation in figure 2. It
mighr be nOled that me accuracy of
measuring capacitance can be improved
by using an external variable precision
capacitor. Since this measuremem is

OWNERS OF SIGNAL GENERATORS, TYPE
202-F fM_AM AND UNIVERTERS. TYPE
207·f PLEASE NOTE
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B O O N T O N  R A D I O  C O R P O R A T I O N  

Figure 8. 
Voltage Standard, Type 245-8. 

Q Meter, Type 260-A connecfed to RF 

6. Use of 260-A as a Signal 
Generator. 

The 260-A Q Meter can be impro- 
vised as a CW signal source up to ap- 
proximately 20 mcs, by removing the 
small rear cover plate, disconnecting 
the coaxial cable going into the thermo- 
couple block, and connecting it to the 
input of the 245-B RF Voltage Standard 
through a 20 db pad. The output of the 
245-B then is 1/2, 1.0, or 2 microvolts 
depending upon which level is selected 
on the meter. The X Q control varies 
the oscillator output for the signal level 
desired. See figure 8. 

7. Use of Q Meter as a Wave Meter. 

If the oscillator range switch is set 
between ranges to turn the oscillator off, 
a coil can then be connected across the 
coil terminals and coupled to an active 
circuit whose frequency is not known. 
After the Q capacitor has been tuned 
for a maximum deflection and the active 
circuit removed, the Q Meter oscillator 
can then be turned on and its frequency 
varied for another indication of reso- 
nance. The frequency thus indicated, is 
the frequency of the unknown signal 
unde? test. 

8. Miscellaneous. 

a. U s e  of 260-A with f r e q u e n c y  
counter. Where greater than 1% fre- 
quency accuracy is desired, the Q Meter 
oscillator can be monitored with a 
counter. This is accomplished by remov- 
ing the rear panel, disconnecting the 
transmission line going to the thermo- 
couple block, and inserting a “tee” fit- 
ting to allow the parallel connection of 
the counter input. Operating the Q 
Meter with its multiplier set at “X 1” 

will afford approximately 0.5 volts to a 
high input impedance counter. 

b. Use of ScaLe Magnifier. Where it 
is desired to read the main capacitor 
dial more closely than ordinarily al- 
lowed, a hemicylindrical magnifier made 
from plastic, as shown in figure 9, can 
be used. Constructional details are shown 
in figure 10. 

Figure 9. Main capacitor dial magnifier. 
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MAGNIFIER 

ASSEMBLY INSTRUCTIONS 

1. Remove (2) #lo-32 x 3/8 BH mach. screws 
on 260-A panel which line up with 7/32 
dia. holes. 

2. Attach strip with (2) #lo-32 x 5/8 BH 
mach. screws thru 7/32 dia. holes, using 
flat washers & lock washers. (1/4 dia. spot- 
face at 3-5/64 will clear fiducial screw on 
recent 260-A‘s. Other (2) 1/4 dia. spot-faces 
will clear fiducial screws on early 260-A’s). 

3. Mount magnifier with (2) #6-32 x 1/2 BH 
mach. screws using both flat & lockwashers. 

ATTACHMENT STRIP 

Figure 10. Consfruction and assembly details 
of the main capacifor dial magnifier. 

c. Use of “delta Q” scale t o  refine 
resonance. The “delta Q ’  scale can be 
used to obtain a very precise resonance 
by taking advantage of its greater sensi- 
tivity. After carefully resonating the Q 
Circuit in a normal manner, set the 
“delta Q’  dial to the Q indicated on the 
Q Meter, and depress the key. By adjust- 
ing the “delta Q’  potentiometers to cen- 
ter the needle on the red scale, very fine 
adjustments can be made to the internal 
resonating capacitor for resonance. 

d. Use of “delta Q” scale as a rrgo- 
no-go’’ test. Using the technique shown 
above under (c ) ,  once resonance is 
established, limits within the confines 
of the red scale can be established. Cen- 
tering the needle in the red scale for the 
nominal value, tolerances can be set up 
for components in terms of deviation 
from the center point in either direction. 

e. Use of “Lo Q” scale for zeroing 
uoltmeter. Since both the “Q’ scale and 
“Lo Q” scale have the same zero point, 
the voltmeter can be adjusted by making 
the adjustment on the “Q’ scale and de- 
pressing the “Lo Q ’  key to make sure 
there is no change on the needle. When 
the instrument is properly adjusted for 
zero, “pumping” the “Lo Q ’  key should 
not move the needle at all. 

Conclusion 

The foregoing discussion is by no 
means intended to define the limits of 
the Q Meter, but instead indicate some 
of its potentialities. As new problems 
arise, we hope new techniques will be 
developed. Our field staff stands ready 
to assist in these problems. 

ii 
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c.. Ure oj nd~lra Q" rUJI.~ 10 ,~/j".

,esOfUm,.. The' "delta Q" SOlIe can be
used 10 oIxain a very precise resonance
by taking advantage of its greater scl15i
tivil)'. Aher arefulIy resonating the Q
Circuit in a normal 1I1llIUler, SCI the
"delta Q" dial to the Q indicaled on the
Q Meier. and depreu the key. 8yadjust
ing the '"delta Q" pxenliomelers to cen
ter the needle on the red scale, very fine
adjusrlllel1ls can be made 10 the imernal
resonating capacitor for resonance.

d. Ur. 01 "della Q" Jcale ar a "go-
no-go" tell. Using the technique shown
above under ec), once resonance is
established, limits within the confines
of the red scale can be established. Cen
tering rhe needle in the red scale for the
nominal value, tolerances can be ser up
for components in terms of deviation
from the cemer point in either direction.

e. Vr. of "Lo Q" rcal~ jo, znoing
tlOllm~ter. Since both the "Q" scale and
"1.0 Q" scale have the same zero point,
the vollmeler can be adjusled by making
the adjustmenl on the "Q" scale and de
pressing the "La Q" key 10 make sure
there is no change on Ihe needle. When
the insrrumeot is properly adjusted for
zero, '"pumping" the "1.0 Q'" key should
I10l move lhe nC'Cdle at all.

Condusion

Tlte loregoing discussion is by no
means intended to define the limits of
the Q Meter, bul instead indicate some
of its poteOlialities. As new problems
arise......e hope new techniques will be
developed. Our field staff stands ready
to assist in these problems.
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will afford approximately 0.5 volts to a
high inpul impedance counler.

b. Vr. 0/ S,.Je Afagni/m. Where il
is desired 10 read Ihe main capacitor
dial more dosely lhan ordinarily al
lowed, a hemicylindrical magnifier made
from pl.ast-ic, as shown in figure 9, can
be used Col15truetiooal dernils are shown
in figure 10.

1. R.mov. (2) #10-32 " 3/1 BH moeh. s",.ws
on 260-A pan.1 w/>;<h lin. "p with 7/32
dio. hoI".

1. Atto<h .I,ip with (1) '10-:12 " 5/1 IH
mo<h w. Ih... 1/32 dio. hoi••• "sin"
flal wo.h & lo<k wo.h.... (1/" dio. 'pDI-
face ot 3-5/ will"... , fid,,<;ol scnw Oft

"""" 260-1.· 01,-" (21 1/. dio. spOI-#o<M
will cMar fid"rlol .....w. 0" ...riy 2611-A's).

3. M....at ""'tlni..... with (2) #W2 " 1/2 BH
...od>. sa.-. "oi"tI I>oth "0' & Iodcwod>.n.

~~"~.. 'I=--
••

_, oA .,,1
_.----.!:l
-t- 1-- I

,
~~-$- I.- cuM "'-OSnC

+--+ I
-& -. 'I".co:~ooo
- 1

i:--:o,,-,.r-:J{ 'dYI;\------lr:"i" t-f' .
~JI, ,'"

-------' t

MAGNIFIER

ASSEMBLY INSTRUCTIONS

The 260-1\ Q Meter can be impro
vised as a CW signal source up 10 ap
proxil1\2.tely 20 ma. by removing the
smaU rear cover phtle, disconnecting
the coaxial cable going inlO the thermo
couple block, and cooneaing it to the
input of the 245-8 RF Vola.ge Sntodard
Ihrough a 20 db pad. The OUtput of Ihe
245-8 then is M, LO. or 2 microvolts
depending upon which level is selected
on the meier. The X Q comrol varies
Ihe oscillator OUtput for the signal level
desired. See figure 8.

7_ Use of Q Meter os a Wave Meter.

H the oscillator rangc switch is set
betWeen ranges to turn the oscillator off.
11 coil can then be connected across the
coil terminals and coupled to an nCtive
circuit whose frequency is not known.
After the Q capacitor has been tuned
for a maximum defleaion and the active
circuit removed, the Q Meter oscillator
can then be turned on and its frequency
varied for aI10lber indicalion of reso
nance. The frequency thus indicated, is
lhe frequency of the unknown signal
under lest.

8. Miscellaneous.

a. Un of 260-11. wilh f,eqMllw/
'OM"ler. \'(I~e gteater dun 1% fre
quency accuracy is desired, the Q Meter
osc:illalOr can be monitored with a
coumer. This is act:Omplished by remov
ing the rear panel, disconneaing Ihe
Iransmission line going 10 the Ihermo
couple block, and inserting a "(l~e" fit
dng to allow Ihe parallel connl'Ction of
the counter input. Opernting the Q
Meter with its multiplier set at "X 1"

6. Use of 260-A as a Signal
Generotor.

'1"....... Q M.t.,. TyP"' 260-A co....."'.., to IIF
Vollo". Sto"do,d. Type 245-11.
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Glide Slope Generator Tone Signal 

T H E  N O T E B O O K  

Phase Relationships of the 
90-1 50 cps Tones 

Standard Conditions 

In the ground transmitter the relative 
phase of the 90 cps and 150 cps modula- 
tion signals is set so that at no time do 
peak voltages of both signals occur 
simultaneously. Otherwise the maximum 
percentage modulation which could be 
assigned to either signal would be one- 
half the maximum total modulation level 
since each would contribute equally 
at the in-phase instant as shown in 
Figure 1. 

If, however, the relative phase be- 
tween the alternators is correct, at no 
time will peaks add in either polarity 
but will be spaced by a minimum separa- 
tion of approximately 1 2 O  of the 30 
cycle repetition rate of the composite 
pattern. This condition is shown in 
Figure 2. For a given total peak-to- 
peak swing of the modulation, it is now 
possible to deliver a larger percentage 

I- 

a. fnmrmdy+oaod 90 cpa and 150 cpa m a .  
Load1 from 150 cpa ahmator havo boon 
rmnrd. 

When the weather gets soupy air- 
liners and military aircraft rely on elec- 
tronic guidance systems for safe land- 
ingsl. One component of this common 
navigational system is the glide path 
established by a transmitter located near 
the end of a runway and the associated 
receiving and indicating equipment in 
the aircraft. 

Operation of the system is based upon 
the ratio of a 90 cps signal to a 150 cps 
signal appearing at the output of the 
receiver. The desired course is that in- 
clined plane in which the two modula- 
tion tones are of equal intensity and the 
receiver circuits must be adjusted to 
produce the corresponding on-course in- 
dication. 

To insure proper operation of the re- 
ceivers and indicators it is necessary to 
check them at frequent intervals with 
signals corresponding to those received 
aboard the aircraft in various positions 
with respect to the desired glide slope. 
This is usually done with the Glide 
Slope Signal Generator Type 232-A or 
its military equivalent, Signal Generator 
SG-2. This instrument contains a syn- 
chronous alternator which supplies 90 
cps and 150 cps tones and has provi- 
sions for mixing the ratio of the two by 
predetermined amounts to correspond 
to different positions of the aircraft with 
respect to the on-course signal. 

be ~ ~ r n c t l y - p h a ~  '0n.a s v p . r i m p o d .  

a. Comct lv-p lhd 90 cpa and I50  cpa m a  
dhPl0y.d npamiefy. 

c. Sum of incorrectly-phased tones for "on 
course" signal a s  applied io modulator of 
Glide Slope Signal Generator Type 232-A. 

Figure 1.  Waveforms for incorrecily phased 
90 cps and 150 cps modulation signals. 

modulation of each of the two com- 
ponent signals comprising the composite 
waveform. 

The condition pictured in Figure 2 
has been selected as standard and is de- 
fined on page 41 of reference number 
2. This specification defines a certain 
phase relationship for the signals. There 
are, however, at least four ways in which 
the phase relationship can be tested 
provided an initial overall test is made 

b. Cormdy-phand 100- wporimpoml. 

d 

c. Sum of correctly-phased tones for "on 
course" signal a s  applied io modulafor of 
Glide Slope Signal Generafor Type 232-A. 

Figure 2.  
cps and 150 cps modulation signals. 

Waveforms for correcfly phased 90 

to be certain that the output windings 
from the 90 cps and 150 cps alternator 
have been properly interconnected and 
that the two voltages are approximately 
equal. 

Testing Methods 

The definition, which may be used a5 
one basis for a method of measurement, 
states that the 90 cps and 150 cps sig- 
nals shall be in phase on the zero-uxis- 
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Glide Slope Generator Tone Signal

Phase Relationships of the
90-150 cps Tones

When the weather gets soupy IlIr·
liners and military aircraft rely on dec
cronk guidance sysrems for safe land
ings l . One component of this common
navigational system is the glide path
established by a transmitter located near
the end of a runway and the associated
receiving and indicating c<:juipment in
the aircraft.

Operation of the system is based upon
the ratio of a 90 cps signal to a 150 cps
signal appearing at the Output of the
receiver. The desired course is that in
clined plane in whkh the twO modula
tion tones are of e<jual intensity and the
receiver circuits must be adjusted to
produce the corresponding on-course in
dication.

To insure proper operarion of the re
ceivers and indicators it is necessary to
check them at frequent intervals with
signals corresponding to those received
aboard the aircrafr in various positions
with respect to the desired glide slope.
This is usually done with the Glide
Slope Signal Generator Type 232-A or
its military e<juivalem, Signal GeneratOr
SG-2. This instrument contains a syn
chronous IIlternalOr which supplies 90
cps and 150 cps tones and has provi
sions for mixing the ratio of the two by
predetermined amOllms to correspond
to different positions of the aircraft wirh
respect to the on-course signal

Standard Conditions

In the ground transmitter the relative
phasc of the 90 cps and 150 cps modula
don signals is set so that at no time do
peak voltages of both signals occur
simultaneously. Otherwise the maximum
percemage modulation which could be
assigned to either signal would be one
half rhe maximum total modulation level
since each would contribute equally
at the in-phase instant as shown in
Figure l.

ll, however, the relative phase be
tween the alternatOrs is cocrect, at no
time will peaks add in either polarity
but will be spaced by a minimum separa
tion of approximately 12° of the 30
cycle repetition raTe of the composite
pattern. This condition is shown in
Figure 2. For a given toral peak-to
peak swing of the modulation, it is now
possible to deliver a larger percentage
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........-d.
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modulation of each of the twO com
ponem signals comptising the composite
waveform.

The condition pictured in Figure 2
has been selected as standard and is de
fined on page 4 J of reference number
2. This specification defines a certain
phase relationship for the signals. There
are, however, at least four ways in which
the phase relationship can be rested
provided an initial overall test is made
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to be certain that the output windings
from the 90 cps and 150 cps alTernator
have been properly interconnected and
thar the twO voltages are approximately
equal.

Testing Methods

The definition, which may be used as
one basis for a method of measurement,
states that rhe 90 cps and 150 cps sig
nds shall be in phase on the zet'o-axis-
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CLOCKWISE ROTATION 
OF SHAFT END 

Figure 4. Pattern, obtained from a 30 cps 
sinusoidal sweep, for testing phase relation- 
ships. 

Summary 

Of the four methods described above 
Figure 3. Test connections and correct oscilloscope pattern for the 90-150 cps alternator (Eastern two are based on measuring relative 
Air Devices Co., Type N3E-3) in the Type 232-A Glide Slope Signal Generator. phase of two signals in a superimposed 

display and two are based upon rela- 
crossing on the positive-going wave “M’ is followed by a “W’, is equally ive amplitude measurements of a com- 
slope. If a dual-channel electronic switch valid depending on the phase of the posite signal. 
is available for the oscilloscope, it is pos- synchronizing voltage used for the oscil- When using expanded displays of 
sible to superimpose the 90 cps and 150 loscope. Improper connection of the either of the methods in which am- 
cps signals and obtain the pattern shown alternator windings gives the waveform plitude is used as a measure of phase 
in Figure 2b. By the use of suitable of Figure IC. relationship, care must be exercised to 
techniques and equipment, the region A fourth method is based upon form- insure that the magnitudes of the 90 cps 
in the vicinity of the zero-axis-crossing ing a Lissajous pattern by using a prop- and the 150 cps signals are approxi- 
can be investigated and the relative phase erly-phased 30 cps sine wave to drive mately equal and that the interconnec- 
of the two signals at this point deter- the horizontal oscilloscope amplifier. tions from the generator are correct as 
mined. This has the practical effect of taking indicated by the “W-M’ display shown 

The second method, which also is the pattern of Figure 3 and wrapping in Figure 3 .  
based on a definition but requires a it around a transparent cylinder so that 

Bibliography somewhat more difficult oscilloscope the two ends connect as shown in Figure 
technique, consists of measuring the 4 which strongly resembles a large pair 1. “Bad Weather Flying” Beatty 
separation of the peaks of the two sig- of ice tongs. Since the amplitude of E.w., BRC Notebook N ~ .  4, Winter 
nals to insure that they are not closer the two peaks depends on the relative 1955. 
than a minimum separation of 12”  for phasing of the 90 cps and 150 cps sig- 2. “Calibration Procedures for Signal 
either positive or negative pairs as nals, the adjustment for which points Generators Used in the Testing of VOR 
shown in Figure 2b. of the ice tongs just meet is a very and ILS Receivers”, RTCA report 208- 

In the third method, the two tones sensitive measure of the phase relation- 35-~0-52 ,  
are added to give a composite signal as ship of the two signals. 
shown in Figure 3. With proper phas- 
ing there are pairs of peaks which have 
the same amplitude. A slight shift in the 
relative phase will increase the ampli- 

ing the amplitude of the other on both 
the positive and negative pairs. In order 
to increase the sensitivity of this meas- It has always been our policy to de- quency Q meter to measure one level of 
urement it is common practice to blow velop and design instruments which can Q at a given capacitance codd be built 
up the image and depress the zero axis be applied under a wide variety of con- to very high accuracy but since few 
by means of the centering control so ditions. This flexibility tends to broaden would be needed, the price would be 
that a magnified portion of the tips of the market thus lowering the price. It high and the owner would soon find 
a pair of peaks appears on the screen. also makes it possible for a given labora- many problems not covered by the in- 
This is a very sensitive test and will tory to sustain its work with a smaller strument. 
yield good accuracy in testing for cor- number of instruments. For instance the Our policy has also always provided 
rect phase angle provided the two sig- Q Meter Type 260-A covers a frequency for a standard cabinet and cabinet finish. 
nals are of approximately equal magni- range of 50 kc to 50 mc and can be ex- In addition we have not provided any 
tude. tended down to 1 kc with standard, means for furnishing instruments with 

it consists of a “W’ connected with an The range of Q measurements is 10 to tions different from those standardly 
“M’ in which pairs of legs on both let- 625 and the capacitance range is 30 to advertised. These policies, also, are 
ters are equal. A display in which an 460 micromicro farads. A single-fre- based on our strong desire to hold the 

tude of one of the peaks while decreas- The Need for Special Instruments 

A glance at the display will show that readily available, external equipment. performance characteristics or specifica- L/ 

6 

BOONTON RADIO CORPORATION

figu,e 3. hoi «'nI.-.,tion. ond co,,-e' oKillo.<op. poll.,n fo, lit. 90_150 <po ol,.,no'o, (Eo.'.,,,
Ai, D.vk•• Co., Type N3E-3) in II•• 7ype 232.A Glid. Slope Si9nol Ge".,olo,.

CLOCKWISE ROTATION
OF SHAFT END

Pa".tn, ob'oi".d f,om a 30 <ps
.weep, #0' ,••'i"9 pho.e ,.Ia,i",,_

fi9'''. 4.
ainusoidol
ship•.

Bibliography

1. "Bad Weather Flying" Beatty
E.W., DRC Notebook No.4, Winter
1955.

2. "Calibration Procedures for Signal
Genetators Used in the Testing of VOR
and US Receivers", RTCA report 20S~

35-DO·52.

SummclrY

Of the four methods described aoove
twO are based on measuring relative
phase of twO signals in a superimposed
display and twO are based upon rela·
ive amplitude measurements of a com·
posite signal.

When using expanded displays of
either of the methods in which am
plitude is used as a measure of phase
relationship, care must be exercised ro
insure that the magnitudes of the 90 cps
and the 150 cps signals are approxi
mately equal and that the interconnec
tions from the generawr are correct as
indicated by the "W-M" display shown
in Figure 3.

quency Q meter to measure one level of
Q at a given capacitance could be built
ro very high accuracy bur since few
would be needed, the price would be
high and the owner would soon find
many problems not covered by the in·
strument.

Our policy has also always provided
for a standard cabinet and cabinet finish.
In addition we have not provided any
means for furnishing instrument5 with
performance characteristics or specifica,
tions different from those standatdly
advertised. These policies, also, are
based on our Strong desire to hold the

The Need for Special Instruments

"M" is followed by a "W", is equally
valid depending on the phase of the
synchronizing voltage used for the oscil
loscope. Improper connection of the
alternatOt windings gives the waveform
of Figure Ic.

A fourth method is based upon form
ing a Lissajous pattern by using a prop
erly-phased 30 cps sine wave to drive
the horizontal oscilloscope amplifier.
This has the practical effect of taking
the pattern of Figure 3 and wrapping
it around a transpatent cylinder so that
the twO ends connect as shown in Figure
4 which strongly resembles a large pair
of ice tOngs. Since the amplitude of
the tWO peaks depends on the relative
phasing of the 90 cps and 150 cps sig·
nals, the adjustment for which points
of the ice rongs JUSt meet is a very
sensitive measure of the phase relation
ship of the twO signals.

It has always been our policy ro de~

velop and design instruments which can
be applied under a wide variety of con
ditions. This flexibility tends ro broaden
the marker thus lowering the price. It
also makes it possible for a given labora
tory ro sustain its work with a smaller
number of instrument5. For instance the
Q Meter Type 260·A covers a frequency
range of 50 kc to SO mc and can be ex
tended down to 1 kc with standard,
readily avail3ble, external equipment.
The range of Q measurements is 10 to
625 and the capacitance range is 30 to
460 micromicro farads. A single-fre·
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uOJJing on che positive-going wave
slope. If a dual-channel cleccronic switch
is available for the osciUoscope, it is pos
sible to superimpose the 90 cps and 150
cps signals and obtain the pattern shown
in Figure lb, By rhe use of suitable
techniques and e<.;juipment, the region
in the vicinity of the zero-axis-crossing
can be investigated and the relative phase
of the twO signals at this point deter·
mined.

The second method, which also is
based on a definition but requires a
somewhat more difficult osciUoscope
technique, consists of measuring the
separation of the peaks of the twO sig
nals w insure that they are not doser
than a minimum separation of 12 0 for
either positive or negative pairs as
shown in Figure 2b.

In the third method, the twO tones
are added to give a composite signal as
shown in Figun: 3. With proper phas
ing there are pairs of peaks which have
the same amplitude. A slight shift in the
relative phase will increase the ampli
tude of one of the peaks while decreas
ing the amplitude of the other on both
the posirive and negative pairs. In otder
to increase the sensitivity of chis meas
urement it is common practice to blow
up the image and depress the zero axis
by means of the centering control so
that a magnified ponion of che tips of
a pair of peaks appears on the screen.
This is a very sensitive tcst and will
yield g<XKl accuracy in testing for cor
rect phase angle provided the twO sig
nals are of approximately equal magni
tude.

A glance at the display will show that
it consists of a "W" connected with an
"M" in which pairs of legs on both let
ters are equal. A display in which an

•



T H E  N O T E B O O K  

price to all at a minimum. Our time 
and money has been concentrated on 
providing the highest average useful- 
ness to the greatest number of OUT cus- 
tomers. We have always felt that pro- 
viding more service to the few would 
result in less service for the many. 

Recent changes in the electronic field 
have indicated the need for some addi- 
tions to this policy. Electronic instru- 
ments are being used as parts of large 
assemblies of test equipment instead of 
as individual laboratory equipments. 
Since each company’s instruments are a 
different color these assemblies are by 

no means uniform in appearance. Cus- 
tomers who assemble these instruments 
quite naturally want them finished in a 
uniform manner. Commercial equipment 
in some cases does not exactly fit the 
performance requirements in other ways. 
As long as substantial redesign is not re- 
quired these changes can be made. The 
importance of the application very fre- 
quently justifies the added charges for 
making minor changes and special ar- 
rangements. 

To better serve the special require- 
ments discussed above Boonton Radio 
Corporation has recently set up a Special 

Devices group. This group will handle 
finishing and small changes such as re- 
location of connectors, special cables, and 
other minor changes to accommodate 
special requirements. Our internal meth- 
ods for handling these orders have been 
simplified so as to give rapid service. 
Arrangements have been made to as- 
sure that none of the charges for this 
special work appear in the price of our 
standard instruments. We would be 
happy to hear your special needs for our 
equipment with the type of slight modi- 
fication discussed here. 

Conventioneering with Cartoons 

JAMES E. WACHTER, P r o j e c t  Elzgilzeer 

EDITOR’S NOTE 

L 

Ti% MINOTES BCFOPC WE SHOW OPENS ? 

Anyone who has ever attended an IRE 
show doubtless knows that Jim Wachter, 
Project Engineer and amateur cartoonist 
extraordinary at BRC, has covered the 
field with his “Conventioneering with 
Cartoons” series illustrated here. Jim 
saw the convention from “both sides 
of the fence” so to speak. He served his 
time in the BRC booth and joined the 
throngs to view other exhibits. We  think 
the cartoons are an authoritative sam- 
pling of what one might expect to en- 
counter at a typical IRE show. 

JUST LITERATUR€ PLEAbE !? 
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price to all al a minimum. Our lime
and money has been concentraled on
providing the highesl average useful
ness 10 the greatest number of our 015'

lomef$. We have always fell lhat pro
viding more ~rvice to Ihe few would
result in less service for the many.

Recent changes in the electronic field
have indicated the need. for .some addi·
tions to thi5 policy. Electronic instru
ments arc being used as pans of large
assemblies of test ~uipmem instead of
as individual laboratory equipments.
Since each company's instruments are a
different color these assemblies are by

no means uniform in appearance. Cus
tomers who assemble these instruments
quire naturally want them fini5hed in a
uniform manner.Commacial cquipmem
in some cases does flO( tnet.ly fit tbe
performance requirements in other ways.
As long as substantw redesign i5 flO( re·
quired these changes can be made. The
importance of the application very fn::
quendy juStifies the added charges for
making minor changes and special ar
rangements.

To better serve the special require
ments discussed above Boonton Radio
Corporarion has recemly.set up a Special

~ices group. This group will handle
finishing and small changes such as re
location of ronnCClOrs, special cables, and
OIher minor changes to accommodate
special requirementS- Our imernal meth
ods for handlinS lhesc orders have been
simplified so as 10 ~ive rapid scrvice.
Arrangements have been made to as·
sure that none of the charges for [his
special work appear in the price nf our
standard instruments. We would be
happy to hear your special needs for our
~uipment with the type of slight modi·
fication discussed here.
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Q METER CONTEST AWARD 
Q of the coil displayed at the IRE 

show is 336.7. The winning estimate 
(338) was submitted by Mr. George 
S. Scholl, Research Engineer with the 
American Machine and Foundry Co. 
of Alexandria, Va. 

The coil in question was displayed in 
the BRC booth at the IRE show in New 
York during March 18 - 21. Anyone 
visiting the booth was invited to esti- 
mate the Q of the coil in competition 
for a Q Meter which was also on dis- 
play. Entries were submitted on specially 
prepared forms. These entries have been 
tabulated and set up in graph form be- 
low to give an indication of the distri- 
bution of estimates. 

Measurement of the coil was made at 

BRC by our Quality Control Engineer, 
on March 25, under the following con- 
ditions: 

1. The coil was conditioned for 2 
hours in the Standard Room with the 
atmosphere maintained at 73 i 2 " F ,  
relative humidity 50 1 5 % .  

2. Measurement was made on a BRC 
Type 260-A Q Meter which was checked 
by Q Standards 513-A and 518-A. 

3. The coil was dismounted from the 
display case and connected to the Q 
Meter with the coil axis vertical. The 
winding ends were clamped by the Q 
Meter coil binding posts; spacing be- 
tween the winding ends being the same 
as it was while the coil was on display. 

4. The coil measurement frequency of 
12.5 mc was checked against a crystal 
calibrator. 

Following measurement, the coil was 
disconnected from the Q Meter, then 
reconnected and measured again in the 
same manner. Readings obtained for 
both measurements are shown in the 
table below. 

Readings 
1st 2nd 

Meas. Meas. Average 

Frequency (mc) 12.5 12.5 12.5 
Q Meter Multiplier 1.4 1.4 1.4 
Q Voltmeter 241.0 240.0 240.5 
Q Indication 337.4 336.0 336.7 
Q Meter 

Capacitance ( p p f )  74.2 74.0 74.1 

Other Q estimates worthy of honor- 
able mention were submitted by J. C. 
Clements, Raytheon Mfg. Co. Ltd. (334) 
and J. F. Sterner, RCA, Isidore Bady, 
U.S.A.S.E.L., and S. Krevsky, Evans Sig. 
Lab., (all with 333). 

U 
0 

z 0 

Q RANGE 
GRAPH SHOWING DISTRIBUTION OF 

Q ESTIMATES 

Graph showing distribution of estimates in the 
Q Meter contest. 

Shown above are  the Type 260-A Q Meter and the controversial coi l  as they were displayed in the 
BRC booth  at the IRE convention. An enlargement of the coi l  i s  shown in the insert. 
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Q METER CONTEST AWARD

Q of the coil displayed ot the IRE
show is 336.7. The winning estimate
(33B) was submitted by Mr. George
S. Scholl. Research Engineer with the
American Machine and Foundry Co.
of Alexondria, Vo.

The coil in question was displayed in
rhe BRC IxJorh ar rhe IRE show in New
York during March 18 • 21. Anyone
visiring rhe booth was invited to esri·
mate the Q of the coil in competition
for a Q Meter which was also on dis
play. Entries were submitted on specially
prepared forms. These entries have been
tabulated and set up in graph form be·
low ro give an indication of the distri·
bution of estimates.

Measurement of the coil was made at

BRC by our Quality Control Engineer,
on March 25, under the following con·
ditions:

1. 111e coil was conditioned for 2
hours in the Standard Room with the
atmosphere maintained at 73 ±ZOF,
relative humidity SO ±5%.

2. Measurement was made on a BRC
Type 260·A Q Meter which was checked
by Q Standards 513·A and 5IB·A.

3. The coil was dismounted from the
display case and connected to the Q
Meter with the coil axis vertical. The
winding ends were damped by the Q
Meter coil binding posts; spacing be·
tween the winding ends being the same
as it was while rhe coil was on display.

4. The coil mcasuremenl frequency of
125 mc was checked against a crystal
calibratOr.

Following measurement, rhe coil was
disconneGed from the Q Meter, then
reconnected and measured again in the
same manner. Readings obtained for
both measurements arc shown in the
table below. ,.. ,.,

R.oding-, M.a,. M.ao. Averag.

Frequ.:ncy (me) 12.5 12.5 12.5
Q MeIer Muhiplier IA I.' I.'Q Voltmeter 241.0 2<10.0 240.5
Q Indiallion 3:HA 336.0 336.1
Q MeIer

74.0Capacitance ( p.p.f) 14.2 74.1

Other Q estimates worthy of honor
able mention were submitted by J. c.
Clements, Raytheon Mfg. Co. Ltd. (334)
and }. F. Sterner, RCA, Isidore Bady,
U.S.A.S.E.L, and S. Krevsky, Evans Sig.
Lab., (all with 333).
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Calibration of An Instrument for Measuring Low-Level R-F Voltages 
- 

I-<> 4,  CHARLES G. GORSS, Development Engineer 
/,i/ 

The sensitivity of a radio receiver is 
one of its most important attributes. 
Often, this sensitivity is in the order of 
one microvolt or less. Unfortunately, the 
only devices capable of detecting the 
presence of these low-level voltages are 
the receivers under test. Using a receiver 
of unknown sensitivity to measure these 
voltages would not be an accurate pro- 
cess. What is needed, is a device which 
will provide a source of r-f voltages, at 
microvolt levels, which can be estab- 
lished with a definite and reasonable 
accuracy without measurement at low 
levels. This article presents a discussion 
of some of the techniques employed and 
problems encountered in designing and 
evaluating such a device. Basically the 
device under discussion combines a care- 
fully calibrated r-f voltmeter with a 
very fine attenuator. See figure 3 .  

Voltmeter Design 

The voltmeter selected for this device 
is a reasonably straight forward UHF 
germanium cartridge diode. The only 
innovation is that the diode operates 
with an accurately monitored bias cur- 
rent at zero signal. The bias is such that 
the input voltage swing is always on 
the square-law portion of the diode 
characteristic and never crosses the zero 
voltage axis. This tends to make the 
sensitivity relatively independent of 
temperature and aging effects. 

What must be determined however, 
is the frequency characteristic of this 
diode voltmeter. At the design stage it 
was quite obvious that the series reso- 
nance of the voltmeter was above 1,000 
mc, but the exact frequency was not 
known. As the series resonance is 
approached, the diode will increase in 
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Figure I .  The author uses the 2456 to perform receiver sensitivity measurements. 

sensitivity and the output of the instru- 
ment will drop. On the low frequency 
end, the sensitivity will decrease as the 
impedance of the by-pass capacitors 
increase. Since it is most desirable to 
calibrate this voltmeter at 1,000 cps, 
where accurate voltages are available, the 
low frequency characteristics must also 
be known. A factor to be considered, is 
:hat two capacitors are used as a filter 
over the entire frequency range and 
that they have a 5-ohm damping resistor 
between them. Below a certain frequency, 
this 5-ohm resistor is in series with the 
r-f circuit of the diode and decreases the 
sensitivity slightly. For accurate work 
this must be evaluated. 

Voltmeter Performance Checks 

The basic problem at the input of the 
voltmeter system is to accurately measure 
the voltage applied to the attenuator 
system over a range of 1 kc to 1,000 mc 
for a constant indication of the output 

meter. In order to extend the frequency 
response downward to 1,000 cycles, an 
additional 60 pf had to be added to the 
by-pass circuit. To be sure that this had 
no effect on the normal calibration, it 
was necessary to check the meter indica- 
tion at the lowest operating frequency of 
100 kc, with and without the 60 pf 
capacitor. It was found that this had no 
effect. It was also found that 60 pf was 
adequate for 1,000 cps. This was checked 
by adding more capacitance and noting 
that no change in sensitivity took place. 
Operation of the by-passing was observed 
by evaluation of the effect of the 5-ohm 
damping resistor at frequencies where 
the high frequency by-pass has no effect. 
This was accomplished by a relative 
check of sensitivity at 1,000 cycles, with 
and without the damping resistor. Results 
showed about a 1% change. This 1% 
increase in sensitivity occurs between 10 
and 20 mc as the test frequency is raised. 
Since this is known, it can be taken into 
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lishe<! wilh a definite and reasonable
accuracy without measuremem at low
levels. This anide presenrs a discussion
of some of the techniques employed and
problems encoumered in designing and
evaluating such a device. BasicalJy the

-- device under discussion combines a carc
flilly calibrated f·f vohmelcr with a
very fine lltlcnUllmr. Sec figure 3.

Voltmeter Design

The voltmeter selected for this device
is a reasonably straight forward UHF
germanium cartridge diode. The only
innovlllion is that the diode opcrmes
with an accurately monitOred bias cur·
rem at zero signal. The bias is such that
the input voltage swing is always on
the square-law portion of the diode
chamcteristic and never crosses the zero
voltage axis. This tends to make the
sensitiviry relatively independent of
temperature and aging effects.

What must be derermined however,
is the frequency chafllcreristic of this
diode voltmeter. At the design stage it
was quite obvious that the series reso
nance of the voltmet:er was above 1,000
me, but the oracr frequency was nor
known. As the series resonance is
approached, Ihe diode will increase in
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sensitivity and the OUtput of the instru
ment will drop. On the low frequency
end, the sensitivity will dt.'<:rcase as the
impedance of the by-pass capacitors
increase. Since it is most desirable to
calibrate this voltmeter at 1,000 cps,
where accurate voltages a.re available, the
low frequency chamCleristics must also
be known. A factor to be considered, is
that twO capacitOrs are uSt.'<I as a filter
over the entirt: frequency range and
that [hey have a 5-ohm damping resistor
between them. Below a certain frequency,
this 5-ohm resistor is in series with the
r-f circuit of the diode and decreases rhe
sensilivity slightly. For accurate work
this musl be: evaluated.

Voltmeter Performonce Checks

The basic probkm ar Ihe input of the
voltmet:er syStem is to accurately measure
the voltage applied to the anenuaror
syslem over a range of 1 kc 10 1,000 me
for a constant indication of the ourpur

meter. In order to extend the frequency
response downward to 1,000 cycles, an
additional 60 ".f had to be added to the
by-pass circuit. To be sure that this had
no effect on the normal calibration, it
was necessary to check the meter indica
tion at the lowest operating frequency of
100 kc. with and without the 60 ".f
capacitOr. It was found thai this had no
effecr. It was also found that 60 ".f was
adequate for 1,000 cps. This was checked
by adding more capacitance aod noting
that no change in sensirivity took place.
Operation of the by-passing was observed
by evaluation of the effen of the 5-ohm
damping resistOr at frequencies where
the high frequency by·pass has no effect.
This was accomplished by a relative
check of sensirivity at 1,000 cycles, with
and 9I'ithout rhe damping resistor. Rcsults
showed about a 1% change_ This I $f
increase in sensitiviry occurs between 10
and 20 me as the ICSI frequency is raised.
Since this is known, il can be tak~n imo
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account. This condition precludes the 
possibility of sharp, uncontrolled changes 
occurring unexpectedly due to series 
resonance of the two capacitors and their 
accumulated inductances. 

D C  to Azldio 
The  most accurate place to begin 

determination of standard voltage is at 
a Weston standard cell. In this case, dc 
was passed through a stable glass film 
type resistor of 50-ohms dc resistance. 
This  current was monitored with a 
Weston thermo milliammeter whose cal- 
ibration was known up to 2 mc. An L 
and N laboratory potentiometer was used 
to compare the standard cell voltage 
with the voltage developed across the 
resistor. Accurate readings of the thermo 
milliammeter were taken at the voltages 
desired for calibrating. In as much as 
the thermo miiliammeter and the resistor 
are flat to at least 1,000 cycles, the dc 
source was replaced with a low distortion, 
1,000-cycle, power source. By producing 
the same currents at 1,000 cycles that 
were produced at dc, the same voltages 
which were accurately checked with the 
standard cell at dc were now being pro- 
duced at 1,000 cycles. These standard 
levels were used at this frequency to 
check the accuracy of a Ballantine ac-dc 
precision calibrator which would serve 
as a convenient stable 1,000-cycle stand- 
ard for further use in the testing. The 
calibrator is continuously variable in level 
up to 10 volts, (rms, peak, or dc) and 
is accurately read out to 4 significant 
figures. This instrument operates well 
within its rated 95% accuracy. 

Audio t o  2 nzc 
The 50-ohm resistor used in the trans- 

fer test was known to be flat to well 
above 2 mc and the thermo milli- 
ammeter was nearly flat with a known 
slope supplied by the manufacturer. By 
varying the frequency into the system, a 
calibration curve was produced for a 
Ballantine Model 3 10 vacuum tube volt- 
meter up to 2 mc. This calibrated meter 
was then used to monitor the input of 
the voltmeter in the range from 1 kc to 
2 mc. For purposes of these tests, the 

nominal calibration voltage was required 
to produce the proper meter reading at 
1,000 cycles. This nominal voltage was 
derived by calculating the attenuation of 
the attenuator to be calibrated from its 
measured dc values. The voltage was 
measured at the input end of the input 
cable. Since the cable length of 30 inches 
is quite short at 2 mc, it was not neces- 
sary to consider any change due to cable 
mismatch. However, the voltmeter and 
attenuator in combination were adjusted 
so that they presented a %-ohm load 
having very low VSWR through most of 
the 1,000-mc band. The input cable is a 
special 50-ohm cable made to close rol- 
erances for this application. It is necessary 
to repeat for emphasis at this point, that 
in any use of the low-level r-f measuring 
device and throughout all tests and cali- 
bration procedures, the dc resistance of 
the external circuit feeding the device’s 
input cable is 50 ohms, because part of 
the dc return for the diode is through 
this path. The procedures to this point 
have an absolute calibration up to 2 mc, 
leaving 998 mc te be. calibrated. 

Figure 2. RF attenuutor and voltmeter. 

2 m c  t o  1000 mc 
Voltage levels at higher frequencies 

are best measured with a bolometer 
bridge. In this way the accurately known 
1,000-cycle voltages can be compared in 
their effect to the higher r-f voltages. 
There is in use in the BRC laboratories 
a specially constructed bolometer bridge 
which operates with more than normal 
sensitivity. This instrument is usable to 
compare levels of voltage down to 0.03 
volts. Space is not available to describe 
the construction of this special instru- 
megt except to say that it compares the 
heating effect of accurately measured 
1,000-cycle voltages to the heating effect 
of r-f voltages up to 1,000 mc. Since this 
bridge presents a load resistance of 50 
ohms to a coaxial cable and its response 
is due to a heating effect, it is really a 
power measuring device and must be 
considered as such. The reason for this 
will be developed. 

The r-f voltmeter is fed from a 50- 
ohm source having low VSWR and the 
level is adjusted until the meter gives 
standard indication. The signal generator 
output is then transferred without change 

2 

to the bolometer bridge. The bridge is 
then balanced and the r-f is removed and 
replaced with enough 1,000-cycle energy 
to rebalance the bridge. The 1,000-cycle 
voltage is simultaneously measured on a 
Ballantine voltmeter whose calibration 
has been verified by the precision ac-dc 
calibrator. This voltage will then be a 
measure of the absolute voltage at the 
diode when certain corrections are ap- 
plied. The output of the signal generator 
used was connected, by means of a spe- 
cially adjusted terminating pad at the 
end of the coaxial cable, to the input 
cable of the low-level r-f voltage device. 

’..-/ 

Corrections 

This cable and terminating pad were 
then transferred to the input jack of the 
bolometer. Since this jack is connected 
directly to the bolometer element, loss 
due ,to attenuation in the input cable qf 
the low-level r-f voltage device had to be 
accounted for and subtracted from the 
indicated bolometer reading. This loss in 
the cable was calculated from the cable 
manufacturers rated loss per 100 feet 
and a knowledge of the cable length. 
The bolometer element is not exception- 
ally well matched compared with the 
low-level r-f voltage device, but since it 
is a power sensitive device and not a 
voltmeter, a VSWR as high as 1.5 does 
not cause an appreciable error. The 
amount of power reflected from a load 
having a mismatch of 1.5 is 4%. The 
resistance of the bolometer is precisely 
50 ohms at the 1,000-cycle comparison 
frequency, so that the error in voltage is 
only the square root of the power error, 
or 2%. However, for precise work, the 
VSWR characteristic of the bolometer 
must be determined and this error taken 
into account. The indication will always 
b e  lower  t h a n  ac tua l ,  because t h e  
bolometer rejects some of the power 
delivered to it. Therefore, the error must 
be added to the indicated results. 

Additional data was derived for de- 
sign of an accurate voltmeter correction 
curve by actually determining the reso- 
nant frequency of the voltmeter. This 
was done by scanning the band from 
SO0 to 3000 mc with a microwave sig- 
nal generator which was known to be 
reasonably flat. A pronounced minimum 
in the output was observed at 1400 mc 
which represented the series resonant 
frequency. This information was used 
to confirm the slope of the curve ob- 
tained from previously used methods. 
While this type data does not give 
actual quantitative information as to the 
actual magnitude of the resonance, it i s  
used to add credence to the previous 
quantitative measurements. 
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account. This condition precludes the
possibiliry of sharp, uncontrolled changes
occurring unexpectedly due to series
resonance of the tWO capacitors and their
accumulated inductances.

DC 10 Audio

The most accurate place to begin
determination of standard voltage is at
a WestOn standard cell. In this case, dc
was passed through a stable glass film
rype resistor of 50·ohms de resistance.
This current was monitored with a
Weston thermo milliammeter whose cal
ibration was known up to 2 me. An L
and N laboratory potentiometer was used
to compare the standard cell voltage
with the voltage developed across the
resistor. Accurate readings of the thermo
milliammeter were taken at the voltages
desired for calibrating. In as much as
the thermo milliammeter and the resistor
are flat to at least 1,000 cycles, the dc
source was replaced with a low distortion,
i,OOO-cycle, power source. By producing
the same currents at 1,000 eycles that
were produced at dc, the same voltages
which were accurately checked with the
stal1d.l.td cell at dc were now being pro
duced at 1,000 cycles. These standard
levels were used at this frequency to
check the accuracy of a Ballantine ae-de
precision calibrator which would serve
as a convenient stable I,OOO-cycle stand
ard for funher use in the testing. The
calibrator is continuously variable in level
up to 10 volts, (rms, peak, or dc) and
is accurately read OUt to 4 significant
figures. This instrument operates well
within its rated Y.!% accuracy.

Audio 10 2 me
The 50·ohm resistor used in the crans

fcr test was known to be flat to well
above 2 mc and the thermo milli
ammeter was nearly flat with a known
slope supplied by the manufacturer. By
varying the frequency into the system, a
calibration curve was produced for >l

Ballantine Model 3 I0 vacuum tube volt
meter up to 2 me. This calibrated meter
was then used to monitor the input of
the voluneter in the range from 1 kc to

2 me. For purposes of these tesrs, the

nominal calibration voltage was required
to produce the proper merer reading at
1,000 cycles. This nominal voJrage was
derived by calculating the attenuation of
the attenuator to be calibrared from its
measured de values. The volrage was
measured at the input end of the input
cable. Since the cable length of 30 inches
is quite shorr at 2 mc, it was nOt neces·
sary to consider any change due to cable
mismatch. However, rhe voltmeter and
atrenUator in combination were adjUSted
so that they presented a 50-ohm load
having very low VSWR through most of
the 1,OOO-mc band. TIle input cable is a
special 50·ohm cable made to close mJ·
erances for this application. It is necessary
to repeat for emphasis at this point, that
in any use of the low-level r-f measuring
device and throughom all rests and cali
bration procedures, the dc resistance of
the external circuit feeding the device's
input cable is 50 ohms, because pan of
the de return for the diode is through
[his path. The procedures to this point
have an absolute calibrotion up to 2 me,
leaving 998 me to-be'calibrated,

Figure 2, RF aUenu<>tor ono "o/,mete,.

2 me to 1000 me

Voltage levels at higher frequencies
are best measured with a bolometer
bridge. In this way the accurately known
I,OOO-cycle volcnges can be compared in
their effect to the higher r-f volcnges.
There is in use in the BRe laboratories
a specially construCted bolometer bridge
which operates with more than normal
sensitivity. This instrument is usable to
COmpare levels of voltage down to 0.03
volts. Space is nor available to <lescribe
the construction of rhis spe<:ial instfu
me[1t except to say that it compares the
heating effect of accurately measured
I,OOO-cycle voltages 10 the heating effect
of r-f voltages up ro 1,000 me. Since this
bridge presents a load resistance of 50
ohms 10 a coaxial cable and its response
is due to a heating effect, it is reaUy a
power measuring device and must be
considered as such. The reason for this
will be developed.

The r·f voltmeter is fed from a 50
ohm source having low VSWR and the
level is adjusted until the meter gives
standard indication. The signal generaror
OUtpUt is then transferred without change
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to the bolometer bridge. The bridge is
then balanced and the r-f is removed and
replaced with enough I,OOO-cycle energy
to rebalance the bridge. The I,OOO-eycle
voltage is simultaneously measured on a
BaIJamine voltmeter whose calibration
has been verified by the precision ac-dc
calibrator. This voltage will then be a
measure of the absolute voltage at the
diode when certain corrections are ap
plied. The output of the signa.l generatOr
used was connected, by means of a spe
cially adjusted terminating pad at rhe
end of the coaxial cable, to the input
cable of the low-level r-f voltage device,

Corrections

This cable and terminaring pad were
then transferred to the input jack of the
bolometer, Since this jack is connected
direcdy to the bolometer element, loss
due ,to attenuation in the inpur cable qf
the low-level r-f voltage device had to be
accounted for and subtracred from rhe
indicated bolometer reading. This loss in
the cable was calculated from the cable
manufacturers rated loss per 100 feet
and a knowledge of the cable length.
The bolometer element is nOt exception
ally well matched compa.red with the
low-level r·f voltage device, bur since ir
is a power sensitive device and not a
voltmeter, a VSWR as high as 1.5 docs
not cause an appreciable error. The
amOUnt of power reflecred from a load
having a mismatch of 1.5 is 4%. The
resistance of the bolometer is precisely
50 ohms a[ the 1,OOO-eyde comparison
frequency, so that the error in voltage is
only the square r(lOt of the power error,
or 2%. However, for precise work, the
VSWR characteristic of the bolometer
must be determined and this error taken
into account, The indication will always
be lower than actual, because the
bolometer rejects some of the power
delivered to it. Therefore, the error must
be added {() the indicated results.

Additional data was derived for de
sign of an accurate voltmeter correction
curve by acruaJly determining the reso
nant frequency of the voltmeter. This
was done by scanning the band from
800 to 3000 mc with a microwave sig
nal generator which was known to be
reasonably flar. A pronounced minimum
in the outpUt was observed at 1400 me
which represented the series resonant
frequency. This information was used
ro confirm the slope of the curve ob·
tained from previously used methods.
While this type data dues not give
actual quantitative information as to the
actual magnitude of rhe resonance, it is
used to add credence ro the previous
quantitative measurements.
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Attenuator Design 

The basic concept of the attenuator 
is shown in figure 2. It is a voltage 
divider composed of a 60-ohm resistor 
in series with a 0.0024-ohm resistor. 
The input voltage is fed in across the 
series combination and the output is 
taken across the 0.0024-ohm resistor. 
Since the 0.0024 ohms is not a signifi- 
cant part of the total resistance, the 
attenuation ratio can be taken merely 
as the ratio of the two resistors, which 
in this case is 25,000. Of course, each 
of these two elements must be the same 
value from dc to 1,000 mc in order to 
obtain the desired results. 

For the larger 60-ohm resistor, a nat- 
ural solution was presented in an article 
by D. R. Crosley and C. H. Penny- 
packer.1 It was demonstrated mathe- 
matically in this work that if: ( 1) the 
central conductor of a coaxial transmis- 
sion line is a uniform resistive cylinder, 
( 2  ) this transmission line is shorted on 
one end, and ( 3 )  the geometric dimen- 
sions of the line are such that its char- 
acteristic impedance X 4 3  is ,equal to 
the total series resistance of the central 
conductor; this section of line, when 

POTENTIOMETER 

R F  
IN 

RF 
OUT 

ATTENUATOR 

Figure 3. RF vohage standard-basic circuit. 

viewed from the open end, will look 
like a pure resistor equal to the total 
series resistance of the central conduc- 
tor. Compared to its dc value, this re- 
sistor would have a VSWR of 1.01 
when the length of the line is less than 
1/100 of the wave length, or less than 
1.03 when the length of the line is less 
than 1/30 of the wave length. The cen- 
tral conductor of this line in practice is 
a glass rod onto which has been evap- 
orated, in a vacuum, a thin film of 
metal. In this case, the film is thin 
enough to be considered without thick- 
ness for skin depth considerations. The 
line is 1 cm long, or 1/100 of the wave 
length at 300 mc and 1/30 at 1,000 mc. 

i/ Therefore, in theory, the resistor is 
within 1% of the dc value at 300 mc 
and within 3% at 1,000 mc. 

The 0.0024-ohm resistor becomes the 

short circuit at the end of the trans- 
mission line. A natural resistor for this 
type of use is suggested in an article by 
M. C. Selby.* This resistor consists of 
an annular film of conducting material 
which bridges the gap between the in- 
ner and outer conductors of the coaxial 
line. For purposes of evaluation, this 
film can be considered to be a. series 
of square bars whose width is the film 
thickness. Assuming, for now, uniform 
penetration of current, the inductance 
can be evaluated. Consider one bar to 
be called a. Bar a will have mutual in- 
ductance with all other bars. For each 
bar at an angle from a, there will be 
another bar at - 4 from a. These bars 
will have mutual inductance of equal 
value, but will have opposite sign and 
cancel. Bar a will then have mutual 
inductance with a bar 180" from it. 
Assuming that the inductance of the 
disc is the result of all bars in parallel 
that approximate the disc, (Inductance 
may be actually less than this because 
some area is unaccounted for.) total in- 
ductance is computed as follows: 

La 5 0.0021 
21 0.447d 

[log -1 + 1 P h  
0.447d 1 

Where : 
d = thickness of bar = 2.5 x lo-* cm 
1 = length of bar = 0.25 cm 
r = radius of inner conductor 

= 0.36 cm 

Maal = -0.002 [ (21 + 2r) log 
(21 + 2r) + 2r log 2r - 2 

( 1  + 2r) log ( I  + 2 r ) l  p h  
La f 1.329 x 10-3 ph, 

Maa 5 - 5.6 x 10-3 p h  
LA 5 0.1406 p p h  

The inductive reactance is 4.36 x 
10-4 i2 at 500 mc and 8.72 x lo-* fl 
at 1,000 mc, and is in quadrative with 
the resistance. This results in a 1.65% 
error in impedance at 500 mc and a 
6.25 % error at 1,000 mc. 

Uniform current in the bar is indi- 
cated, because the effective skin depth 
in the film at 1,000 mc is roughly 2 
times the actual film thickness. It devel- 
ops that when the skin depth is equal 
to the film thickness, the resistance is 
equal to 103% of the dc value, and 
when the skin depth is equal to twice 
the film thickness, the resistance is 
equal to 101% of the dc value. Since 
the current tends to be more dense on 
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the input side of the annular resistor, 
this slight inequality of distribution 
tends to reduce the voltage appearing 
on the side of the film opposite the side 
from which the output is taken. This 
reduction tends to offset the increase 
due to the disc inductance. 

Attenuator Performance Checks 

In addition to checking the voltmeter 
characteristics it is desirable to check 
the attenuation at various frequencies. 
The theoretical attenuation is of course 
derived from accurate and careful dc 
measurements, but the r-f attenuation 
must be ultimately checked by judicious 
comparison with a precision piston at- 
tenuator. The piston attenuator can be 
a rigorously accurate device if used care- 
fully, but it can also be a totally in-. 
accurate device if used improperly. The 
attenuation of the useful mode in the 
circular wave guide is well known, but 
other modes are also propagated into 
the tube under some conditions. These 
modes are all attenuated at a rate higher 
than the normally used TEll mode. If 
one does not use the attenuator with 
the probe too close to the driven end 
of the tube, and if a driving element 
is chosen which is of such geometry as 
to favor the TEll mode, the calculated 
attenuation rate can be used quite safely. 
Careful checking of small increments 
of the attenuator output in the high out- 
put regions against small precision pads, 
should reveal the region where the at- 
tenuation rate starts to decrease as the 
driven end of the tube is approached. 
This region should be avoided. The 
TEll mode is produced most purely by 
a symmetrically placed driving loop 
whose plane is precisely coincident with 
the plane of the pick-up loop. The pick- 
up loop should also be symmetrical in 
the tube. 

In order to check the low-level r-f 
voltage device's attenuator, a signal gen- 
erator was used to feed a precision 
piston attenuator. This attenuator out- 
put fed into the device's attenuator 
which in turn fed a very sensitive, 
stable receiver equipped with an easily 
read output meter. The piston attenua- 
tor output was increased to a level which 
gave a good sound reading above the 
noise on the carefully tuned receiver. 
Care was used to avoid the inaccurate 
region of the piston attenuator. The 
attenuator under test was then removed 
and the piston attenuator withdrawn 
until the receiver was observed to give 
the output reading it formerly had 
piven. The measured attenuation was 
then the total length traveled by the 
piston times the attenuation per unit 
length. Using this procedure, the abso- 
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Attenuator Design

The basic concept of the attenU(lror
is shown in figure 2. h is a volmge
divider composed of a 6O-ohm resisror
in series wjth a 0.OO24-ohm resisror.
The inpur voltage is fed in across the
series combination and the output is
taken across the 0.0024-ohm resistor.
Since the 0.0024 ohms is not a signifi
cant parr of the roral resistance, the
attenuation ratio can be raken merely
as the ratio of the tWO resistors, which
in this case is 25,000. Of course, each
of these two elements must be the same
value from dc to L,OOO me in order to
obtain th(' desired results.

For the larger 60-ohm resistor, (l nat
ural solution was ptesented in an article
by D. R. Crosl('y and C. H. Penny
packer. l It was demonsrrated mathe
matically in this work that jf: (1) the
central conductor of a coaxial transmis
sion line is a uniform resistive cylinder,
(2) this transmission line is shorted on
one end, and (3) the geometric dimen
sions of the line are such that its char
acteristic impedance X '1'3 is .equal to
the tot".tl series resistance of the central
conductOr; this section of line, when

f'g" •• :t. ftf v ..I'..g • • ' .."da.d.......'. <i... ui,.

viewed from the open end, will look
like a pure resistOr equal to the total
series resistance of the central conduc
ror, Compared to its dc value, this re
sistor would have a VS\VR of 1.0 I
when the length of the line is less than
1/100 of the wave length, or less than
1.03 when the length of the line is less
rhan 1/30 of the wave length. The cen
rral conductor of this line in pracrice is
a glass rod OntO which has been evap
Orated, in a vacuum, a thin film of
metal. In this case, the film is thin
enough ro be considered without thick
ness for skin depth consideratIons. The
line is 1 cm long, or 1/100 of the wave
length at 300 mc and 1/30 at 1,000 me.
Therefore, in theory, the resistor is
within L% of the de value at 300 me
and within 3% at 1,000 me.

The 0.OO24-ohm resistor becomes the

short circuit at the end of the trans
mission line. A natural resistor for this
type of use is suggested in an article by
M. C. Selby.2 This resistOr consists nf
an annular film of conduCling matetial
which bridges the gap between the in
ner and outer conductors of rhe coaxial
line, For purposes of evaluation, this
film can be considered to be a· series
of square bars whose width is the film
thickness. Assuming. for now, uniform
penetration of current, the inductance
can be evaluated, Consider one bar co
be called a, Bar a will have murual in
ductance with all other bars. For each
bar at an angle tP from a, rhere will be
another oor at - tP from a. These bars
will have mutual inductance of equal
value, but will have opposite sign and
anc;:!. Bar a will then have mutual
inductance with a bar 180 0 fcom it.
Assuming rhat the inductance of che
disc i~ rhe result of all bars in parallel
thac approximate the disc, (Inducr:mce
may be actually less than this because
some area is unaccounted for.) tOtal in
ductance is computed as follows:

d
L Total < --- (La + Maad

2m

La <0.0021
2/ 0.447d

[108--- -1 +---]I'h
0.447d

Where:
d = thickness of bar = 2.5 x 10-4 em
1= length of oor = 0.25 cm
r = radius of inner conductOr

=: 0.36 em

Maal = -0.002 [(2/ + 2r) log
(21+2r) +2rlog2t-2

(l + 2t) log (l + 2r)] iLh
La < 1.329 " 10-} ,u.h,

Maa < - 5.6 X 1O-5 ,u.h

LA ~ 0.1406 ,u.,u.h

The inducfive reaCtance is 4.36 x
10-4 n at 500 me and 8.72 x 10-4 n
at 1,000 me, and is in quadrative with
the resistance. This results in a 1.65%
error in impedance at 500 mc and a
6.25% errot at 1,000 mc.

Uniform current in the bar is indi
cated, because the effective skin depth
in the film at 1,000 mc is roughly 2
times the actual film thickness. It devel
ops that when the skin depth is equal
to the film thickness, the resismnce is
equal to 103% of the dc value, and
when the skin deprh is equal to twice
the film thickness, rhe resistance is
equal to 10 I % of the dc value. Since
the current tends to be more dense on
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the input side of the annular resistor,
rhis slighc inequality of distribution
tends to rOOuce the voltage appearing
on the side of the film oppositc the side
from which the OUtput is taken. This
reduction rends to offsec the increase
due to the disc inductance.

Attenuator Performance Checks

In addition to checking thc voltmerer
characterisrics it is desirable to check
the attenuarion at various frequencies.
The theoretical attenuation is of course
derived from aCcurate and careful de
measurements, but the r-f attenuation
must be ultimately checked by judicious
comparison with a precision piston at
tenuator. The piston attenuator can be
a rigorously aCCUrate device if used care
fully, but it can also be a torally in-·
accurace device if used improperly. The
attenuation of the useful mode in the
circular wave guide is well known, but
other modes are also propagated into
the tube under some conditions. These
modes are all attenuated at a rate higher
than the normally used TEll mode. If
one docs nOt use the arrenuaror with
the probe tOO close TO the driven end
of the tube, and if a driving clement
is chosen which is of such geometry as
to favor the TEll mode, the calculated
attenuation rate can be used quite safely.
Careful checking of small increments
of the arrenuator OUtpUt in the high out
pUt regions against small precision pads,
should reveal the region where the at
tenuation rate starts to decrease as the
driven end of the tube is approached,
This region should be avoided. The
TEll mode is produced most purely by
a symmetrically placed driving loop
whose plane is precisely coincident with
the plane of the pick-up loop. The pick~

up loop should also be symmetrical in
the rube.

In order to check the low-level r-f
voltage device's attenuator, a signal gen
erator was used to feed a precision
piston attenuatOr. ntis attenuatOr our
put fed imo the device's atcenuator
which in turn fed a very sensitive,
srable receiver equipped with an easily
read Ourput meter. The piston attenua
tor Output was increased to a level which
gave a good sound reading above the
noise on the catefully tuned receiver.
Care was used to avoid the inaccurare
region of the piston auenUatOr. The
attenuaror under test was then removed
and the piston attenuator withdrawn
uncil the receiver was observed ro give
the output reading it formerly had
~iven. The measured attenuation was
then the toral length traveled by the
pistOn times rhe attenuation per unit
length. Using this procedure, the abso-
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lute attenuation of the piston is of no 
interest. In order that this replacement 
be valid, the piston attenuator output 
must be adjusted to 50 ohms. Fortu- 
nately, receivers operating at these 
microvolt levels are square-law detectors 
and therefore power measuring devices. 
This being the case, slight differences 
in mismatch between the output of the 
piston attenuator and the device's at- 
tenuator do not matter. The low-level 
r-f voltage device used as a standard at 
BRC checked against the piston at- 
tenuator within the readability of the 
measurement. 

Standard Unit 

The above tests were performed on a 
number of low-level r-f voltage devices 
and the best unit, in our judgment, has 
been retained as a standard. To control 
the quality of further units, it was neces- 
sary to determine to what precision the 
outputs of the various production units 
could be compared with this standard 
unit, considering the equipment to be 
used and the personnel who would be 
likely to make the tests. 

The meter of the standard unit differs 
from a production model in that it is 
calibrated in percentage deviation from 
standard input. This is used to indicate 
how much the input voltage of the 
standard must be changed to produce 
an output which will have the same ef- 
fect in a receiver as a unit under test. 
If the meter reads zero error, the unit 
is considered to be identical m'+h the 
test unit at the test frequency. Of course, 
test frequencies are spotted all through 
the 0.1 through 1,000-mc band. To  eval- 
uate the precision to be expected, a con- 
siderable number of units were run 
through the same comparison tests three 
times by four different persons who are 
expected to run these tests during pro- 
duction. The results of these tests, shown 
in figures 4 and 5 ,  were used to improve 
the operation of the receiver equipment 
in regions where the spread was unrea- 
sonable, and to incorporate the subse- 
quent reasonable spread in the accuracy 
specifications to be published on the 
instrument. This tends to make the ac- 
curacy rating worse than it probably is, 
but in a device such as this these find- 
ings should be considered. 

RF Voltage Standard Type 245-8 

Articles concerning the design and 
application of the Type 245-B RF Vol- 
tage Standard have appeared in previous 
issues of the Notebook. 3 x 6  Briefly, the 
instrument is a very fine attenuator 
used in combination with a carefully 
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lute :uumuntion of the pislOn is of no
interest. In ordt'r that this replacement
be vnlid, the piston nrrenuator OUtput
must be adjusted to 50 ohms. Fortu
n;uely, tt"t:eivers opcrnting at these
microvolt IC"o'c!s are square.law detectors
and therefore power measuring devices.
This being the case, slight differences
in mismntch between the OUtpUt of the
pislOn altt:ntlator and the device's at·
tellUalOr do not matter. The low-level
r·f voltllgl' device uscG as a standard at
BRC ch«ked against the pislOn at
tenuator within thc readability of the
me-asurement.

Standard Unit

The above tests were performed on a
number of low-level r-f voltage dcvices
and the best unit, in our judgment, has
been retained as a standard. To control
the quality of further units, it was neces
sary 10 determine to what precision the
OUtputS of the various prodUCtion unils
could be comp<lred with this st1lndard
unit, cunsidering the equipmenl to be
used and the personnel who would be
likely to make the tests.

The mcter of the standard unit differs
from a produCtion model in that it is
calibt3ted in percentage deviation from
standard input. This is used 10 indicate
how much the inpllt voltage of the
stllndard must be changed to produce
an Output which will have the same ef·
fect in a receiver as a unit under tCSt,
If the mcter reads :zero error, lhe unit
is considered to be identical v. "h the
test unit I\t the test frequency. Of course,
(est frequencies are spotred all through
the 0.1 through I,DOD·ffiC band. To eval
uate the prl"t:isioll to be expected, a con·
sidemble number of units were run
through rhe same comparison tests three
times by four different persons .....ho are
expected ro run these tesrs during pro
duction. The resultS of these testS, shown
in figures 4 and 5, werc used to improve
the operation of the reccivcr equipment
in regions where the spread was unrea
sonable, and to incorporatc the subst'·
<juent reasonable spread in the accuracy
specjficntions ro be published on the
instrument. ThiS tends ro make the ac
corney rating worse than it probably is,
but in a device such as this these find·
ings should be considered.

RF Voltage Stondord Type 245-B

Articles concerning the design and
application of the Type 245-B RF Vol
rage Standard have appeared in previous
issues of the NOtebook. IA Briefly, lhe
instrument is a very finc anenuator
llSed in combination with a carefully
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calibrated r-f voltmeter. When used in 
conjunction with a signal generator 
capable of producing 0.1 volt across a 
50-ohm load, this device can serve as 
an indicator of the proper level which 
is to be fed to the fixed precision at- 
tenuator built into the device. The 
245-A will deliver 2, 1, or 0.5 pv (de- 
pending on the voltmeter range se- 
lected) from the 50-ohm output cable 
of the internal precision attenuator. 
These levels can be considered standard 
levels, which are independent of the 
age, condition, or state of calibration of 
the signal generator used. The only 
limitation to be placed on the signal 
generator is that it have a dc output 
resistance of roughly 50 ohms (30-70). 

The instrument is light-weight, oper- 
ated from battery power, and small 
enough to be carried in a shoe box to 
the most remote locations. Using what- 
ever generator may be on hand, the 
performance of the generator, or more 
important the performance of the re- 
ceiving station, can be evaluated and 
compared with equipment in other 
locations. 

Conclusion 

It is apparent that measuring accu- 
rate voltage levels at frequencies of 
UHF and below is tedious and time 
consuming. The care which has been 
taken in its calibration should serve as 
encouragement to those who are will- 

ing to accept the Type 245-B RF Vol- 
tage Standard as a standard. 
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The Use Of Standards With A Film Gauge 
ANTS PIIP, Devejopment Engineer 

The Film Gauge, Type 255-A can be 
used for measuring film thicknesses of 
a variety of film-basis combinations, 
whether they be conductive films on 
nonconductive basis, conductive films on 
conductive basis, or nonconductive films 
on conductive basis. However, a cali- 
brated standard is required for nearly 
every film-basis combination, if abso- 
lute measurements are to be undertaken. 
The preparation of these standards can 
usually be carried out by the user with- 
out too much difficulty. This article 
describes a few new kinds of standards, 
and gives a few pointers on how to in- 
crease the utility of prepared standards. 
The actual preparation of standards has 
already been covered in previous issues 
of the Notebook. 

Actual Basis Material Slightly 
Different From The One Used 

On The Standard Card 

The basis and plating materials of the 
piece to be measured and the standards 
should be identical if the meter readings 
are to have any value. However, if the 
basis materials are not too different, the 
instrument can still be made to give 
useful readings with the balancing pro- 
cedure slightly modified as follows: 

Set up and calibrate the instrument 
in the normal manner, using the samples 
on the standard card. 

Without touching any controls, move 
the probe to a sample of the bare basis 
material actually used in the work. If 
the meter reading is not more than 
approximately one-half scale, the stan- 

dard can be used with the new basis 
material. 

With the probe on the new basis, 
rezero the instrument using only the 
SET BASIS control. The errors intro- 
duced by this small shift in the zero 
point are negligible. This method is 
applicable both on combinations having 
the same kind of conductive plating, or 
where the coating is a nonconductor 
(i. e., paint, ceramic, plastic, anodizing, 
etc.). In the latter case, the basis ma- 
terials can differ by somewhat more 
than one-half scale; eg., standards with 
an aluminum basis work perfectly on 
brass. The same procedure can also be 
followed for work which is not per- 
fectly flat. 

inhomogeneous Basis Material 
The situation is somewhat similar if 

the actual basis materials happen to be 
nonuniform (cold formed steels are no- 
torious in this respect). The uniformity 
and variations-from-norm of the basis 
material can be checked by noting the 
255-A readings on different spots or 
pieces of basis material. If a piece of 
coated material and one of the bare 
basis (identical to the basis on the first) 
are available, the feasibility of using the 
Film Gauge for film thickness measure- 
ment can be ascertained as follows: 

Set up the instrument and adjust the 
sensitivity by means of the SET STAND- 
ARD control, until a nearly full-scale 
deflection is obtained with the thickest 
expected coating. 

With these adjustments, analyze the 

actual basis materials to be used in the 
coating process. If the readings on the 
various basis pieces do not vary more 
than 10” from zero (basis), then the 
errors in thickness measurement should 
not become excessive. The readings will 
be unreliable for very thin coatings, 
where the deflections due to nonuni- 
formities of the basis are comparable 
to those due to the coating. The read- 
ings above half-scale do however, give 
a reasonably true indication of film 
thickness. 

Ferromagnetic Materials 

Care should be exercised when measur- 
ing ferromagnetic basis and coating ma- 
terials, to make certain that readings 
are ever increasing with coating thick- 
ness. Use a series of samples of known 
coating thicknessei for this purpose. If 
there is a dip, or even an apparent 
plateau in the thickness-reading curve, 
a reversal or a loop in the unrectified 
thickness-reading curve is indicated for 
this range of thicknesses and for the 
frequency being used. The meter circuit 
of the 255-A contains a rectifier, and 
therefore the instrument is incapable 
of distinquishing between positive and 
negative readings: both show up as 
positive. This results in ambiguities 
in calibration, producing identical rec- 
tified readings at three different thick- 
nesses. If similar results are obtained at 
the other frequency position on the 
255-A, the combination cannot be han- 
dled by the instrument. It should be 
noted however, that these ambiguous 
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calibrared r-f voltmeter. When used in
conjunction with a signal generator
capable of producing 0.1 volt across a
50-ohm load, this device can serve as
an indicalOr of the proper level which
is to be fed to the fixed precision at
tenuator built imo the device. 111e
245-A will deliver 2, I, or 0.5 p.v (de
pe-nding on the vollmeter range se
Je<:ted) from the 50-ohm outpur cable
of the internal precision :menuator.
These levels can be consideroo standard
levels, which are independent of the
age, condition, or state of calibration of
the signal generator used. The only
limitation to be placed on the signal
generatOr is that it have a dc Ol.ltpur
resistance of roughly 50 ohms (30-70).

The instrument is light-weight, ope-r
ated from battery power, and small
enough to be carried in a shoe box to
the most remote locations. Using what
ever generaror may be on hand, the
performance of the generator, or more
important the pe-rformancc of the re
ceiving scation, can be evaluared and
compared with equipment in other
locations.

Conclusion

It is apparent that measuring accu·
!":ue voltage levels at frequencies of
UHF and below is redious and rime
consuming, The care which has been
taken in its calibration should serve as
encouragement to those who are will-

ing to accept the Type 245-B RF Vol
tage Standard as a standard.
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The Use Of Standards With A Film Gauge
ANTS PUP, Development Engineer

The Film Gauge, Type 255-A can be
used for measuring film thicknesses of
a variety of film-basis combinations,
whether they be conductive films on
nonconductive basis, conductive films on
conductive basis, or nonconducrive films
on conductive basis. However, a cali
brat'ed srandard is required for nearly
every film-basis combination, if abso
lure measurements arc to be undertaken.
The preparation of these standards can
usually be carried out by the user with
out tOO much difficulty. This article
describes a few new kinds of standards,
and gives a few pointers on how to in
crease the utility of prepared standards.
The actual preparation of standards has
already been covered in previous issues
of the NOtebook. I. Z

Actual Basis Material Slightly
Different From The One Used

On The Standard Card

lbe basis and plating materials of the
piece to be measuted and the standards
should be idemical if the meter readings
are to have any value. However, if rhe
basis materials arc not tOO different, the
instrUlnem can still be made to give
useful readings with the balancing pro
cedure slightly modified as follows:

Set up and calibrate the instrument
in the normal manner, using the samples
on the standard card.

Without touching llny controls, move
the ptobe to a sample of the bate b.lsis
material llctually use<! in the work. If
the merer reading is nor more than
approximately one-half scale, the stan-

dard can be use<! with the new basis
material.

\Vith the probe on the new basis,
rezero the instrument using only the
SET BASIS COntrol. 111e ertors intro
duced by this small shift in rhe zero
point arc negligible. This method is
applicable both on combinations having
the same kind of conductive plating, or
where the coating is a nonconducror
(i. e., paint, ceramic, plastic, anodizing,
etc.). In the latter case, the basis ma
terials can differ by somewhat more
than one-half scale; e.g., standards with
an aluminum basis work perfectly on
brass. The same procedure can also be
followed for work which is nor per
fectly flat.

Inhomogeneous Basis Material
The situation is somewhat similar if

the accual basis materials happen to be
nonuniform (cold formed steels are no
torious in this respect). lbe uniformity
and variations-from-norrn of the basis
marerial can be checked by noting the
255·A readings on different spotS or
pieces of basis mareria!' If a piece of
COOtOO material and one of the bare
basis (identical to the basis on the first)
are available, the feasibility of using the
Film Gauge for film thickness measure
ment can be ascertained as follows:

Set up the instrument and adjust the
sensitivity by means of the SET STAND·
ARD control, until a nearly full-scale
deflection is obtained with the thickest
CJIpected cooting.

\'(lith these adjustments, analyze the

s

actual basis materials to be used in the
coating process. If the teadings on the
various basis pieces do nor vary more
than 10° from zero (basis), then the
errors in thickness measuremem should
nOt become excessive. The readings will
be unreliable for very thin coatings,
where the deflecrions due to nonuni
formities of rhe basis are comparable
to those due to the coating. The read
ings above half·scale do however, give
a reasonably true indication of film
thickness.

Ferromognetic Materials

Care should be exercised when measur
ing ferromagnelic basis and coating ma
terials, to make certain that readings
arc ever increasing with coating thick
ness. Usc a series of samples of known
coating thicknesses" for this ·purpose. If
there is a dip, or even an apparent
plateau in the thickness-reading curve,
a reversal or a loop in the unrectified
thickness· reading curve is indicated for
this range of thicknesses and for the
frequency being use<!. The meter circuit
of the 255-A contains a rectifier, and
therefore the instrument is incapable
of distinquishing between posItive and
negative readings: both show up as
positive. This results in ambiguities
in calibration, producing identical rec
tified readings at three different thick·
nesses. If similar results are obtained at
the other frequency position on the
255·A, the combination cannot be han
dled by the instrument. lr should be
noted however, that these ambiguous
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loops in the calibration curve do not 
normally show up in both positions of 
the GAUGE HEAD selector switch; at 
least not for the same thicknesses. 

Synthetic Standards 

Several of the common plating metals 
are rather soft; e.g., silver, cadmium, 
etc., and calibration standards using thin 
films of these materials will have a 
limited lifetime of usefulness because 
of wear at the point of contact with the 
probe spacer rod. However, these plated 
samples can be simulated by homogen- 
eous specimens (see Figure 1). 

Once the calibration of the 255-A has 
been determined using the actual plated 
standards, a piece of a third material 
can usually be found that will give a 
deflection close to the thick end of the 
scale. After apparent thickness of this 
piece of material is noted, it can be used, 
together with a sample of the actual 
basis material, for calibrating the instru- 
ment. The original plated samples can 
be filed as “prime standards” and used 
only for preparing and checking cali- 
bration curves. 

Since there is a multitude of alloy ma- 
terials available ( e.g., aluminum, brasses, 
bronzes, nickel silver, etc.) , it should not 
prove too difficult to find suitable 
synthetzc standards. 

Because the synthetic standards are 
homogenous, wear caused by the probe 
tip will not change their conductivity 
and their “apparent thickness”. 

If possible, the synthetic piece should 
have a conductivity between that of the 
basis and plating materials. The “syn- 
thetic thickness” holds only for the fre- 
quency at which it was calibrated. A 
change in test frequency, will change 
the “apparent thickness” appreciably. 

Extremely Thin Conductive Films 
Measurement of extremely thin con- 

ductive films (less than one-tenth maxi- 
mum measurable thickness) by the con- 
ventional method; Le., with the instru- 
ment balanced on the bare basis, usually 
does not give good results, particularly 
if the basis is also conductive. One of 
the main reasons for this is the reduced 
sensitivity of the instrument at low 
meter readings. 

Improved sensitivity can be obtained 
by using a modified calibration tech- 
nique. Instead of initially balancing the 
instrument on the bare basis, a suf- 
ficiently thick (more than the pene- 
tration depth) film of the coating ma- 
terial is used for the reference point. 
The instrument is balanced first on this 
thick sample, then the probe is moved 
to the thinnest sample and the sensi- 
tivity adjusted to give a reading near 
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Film SI1 VER (SYNTHET IC) 
Basis BRASS 
Thickness .0002 -.0015 
Gauge Head RED 

BOONTON RADIO CORP., BOONTON. N. J 

GAUGE STANDARDS 
Type 525-A 14XS 

¶ 

.00115 A.QQ!xL .ooo3 
2024 -0 5052-H32 SOFT COPPER 

“ALLOY NOS.- d 

Figure 1 .  Gauge standard card utilizing synthetic material for plated samples. 

Figure 2. Typical samples of calibration curves. 

full scale. With this setting the two 
intermediate thicknesses required for the 
generation of a calibration curve (fig- 
ure 2 )  are measured. After the. calibra- 
tion has been established, the thick film 

ij 

can be cemented on the card in the 
space provided for the basis, and the 
instrument can be used in the usual 
fashion. Using this technique, the meter 
readings will be “upside down” (see 
figure 3.) compared to the normal 
method; i.e., thickest film at the top, 
thinnest at the bottom. 

A thick, plated or deposited film is 
used for the reference instead of a solid 
slab of the film material, because de- 
posited films are apt to differ some- 
what from solid stock, leading to inac- 
curacies in measurement. 

If it is desired to measure thin plated 
films; i.e., conductive films on conduc- 
tive basis, a further refinement is ad- 
visable. The thinner the plating, the 
more sensitive the instrument becomes 
to variations in the basis metal. There- 
fore, to eliminate readinn errors that 

~ 

Film SILVER 
Basis BRASS 
Thickness 0 - .OOlO” 
Gauge Head RED 

BOONTON RADIO CORP , BOONTON, N J 

BASIS .00072 .00029 

\r 
Figure 3.  Gauge standard card used for  measuring extremely thin films. 
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can ~ cemenred on the cud in the
spacc provided for the basis, and the
instrumem can ~ used in the usual
fashion. Using this technique, the meter
readings will be- "upside down" (see
figure 3.) compared to the normal
method; i.e., thickest film at the tap,
thinnest at the bottom.

A thick, plated or deposited film is
used for the reference instead of a solid
slab of the film material, because de
posited films are apt 10 differ some·
what from solid stock, leading to inac
olracies in measuremCI\(.

If it is desired to measure thin plated
films; i.e., conductive films on conduc
live' basis, a further refinement is ad
visable. The thinner rhe plating, the
more ~nsitive the instrumem becomes
to variations in the basis metal. There
fore 10 eliminate readinj/; errors that

Film .....sILVER
Bosis BRASS
Thickness .0002 -.~
Gauge Heod ....Rt.D

100NTON ....010 Cal'., lOONTON. N. J.
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I
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C
H

0010 '5

•

fi9U'. 1. Typio,,1 ...mple. 0/ ~ol;bro'io" ~II"".'.

full scale. With this setting the tWO
intermediate thicknesses rC<juired for the
gt'nt'ration of a calibration CUI"VC (fig
ure 2) are measured. After Ihe calibra
tion has been established the thick film .
\ .nn".
~.0010 "- Film SILVER

Basi, BRASS
0008 Thickness 0- ,DOlO·

Gauge Head RED
100NTON ."0'0 co.,.. IOONTON. N ,

OOO.~ GAUGE STANDARDS
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c
H

.0004~

I~::~ BASIS .00072 .00029

loops in theo calibmtion cup..e do nO(
norm:tlly show up in both positions of
the GAUGE HEAD selector switCh; III

least not for the same thicknesses.

Synthetic Standards

Several of the common plating metals
are rnther soft; e.g., silver, cadmium,
etc., and calibration srandards using thin
films of these materials will have a
limited lifetinH: of usefulness because
of wear at the point of COntact with the
probe spacer rod. However, these plated
samples can be simulated by homogen
cous specimens (sec Figure I).

Once the calibrntion of the 255-A has
been determined using lhe actual plated
standMcls, a piece of a third matcrial
can usually be found that will give a
defleclion close to the thick end of the
scale'. AIrer IIpparelll thickness of this
piece of material is nOted, it can be used,
rogether with a sample of the actual
basis material, for calibI'll.ting the inStru
ment. The original plated samples can
be- filed as "prirnto standards" and used
only for preparing and checking cali
bration curves.

Since there is a multitude of alloy ma
terials available (e'.g., aluminum, brasses,
bronzes, nickel silver, ('tc.), it should nO(
prove tOO difficult to find suitable
Iymhelic standards.

Because the Jpltheti~ sranda(ds are
homogenous, wear caused by the ptobe
tip will nOi changc lheir conduaivity
and their "apparem thickness".

If possible, the Iynthelic piece should
have' a conductiviry betwecon that of the
basis and plating materials. The "syn
tht-tic thickness" holds only for the' fre
<jucney at which it was calibrnted. A
change in test frequency, will change
the "apparent thickness" appreciably.

Extremely Thin Conductive Films
Measurement of extremely thin con

ductive films (less than onC'lcnth maxi
mum measurable thickness) by the can
vendonal method; i.e., with Ih~ instru·
ment balanced on the bare basis, usually
does nOt Biv~ good results. particularly
if the basis is also conductive. One of
the main reasons for this is the reduced
sensitivity of the instrumCI\( at low
meter rC':ldings.

Improved sensitivity can ~ obtained
by using a modified calibration tl><h
nique. Inslead of initially balancing the
innrumem on the bare basis, a suf
ficiently thick (more than the pene·
tration depth) film of the cooting ma
terial is used for the reference point.
The instrurnem is balanced first on this
thick sample, then thc probe is moved
to th~ thinnest sample' and the sensi
tivity adiusted to give a reading near
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may be introduced because of variations 
of the basis, the last (thinnest) speci- 
men of plating should be replaced with 
a piece of the bare basis. The calibrat- 
ing or measuring procedure will be as 
follows : 

Balance the instrument on the thick- 
est film, using the SET BASIS control. 

Adjust the sensitivity on the bare 
basis with the SET STANDARD con- 
trol. If the actual basis should be slightly 
different from the one used in the stand- 
ards, the instrument can be “touched 
up” by placing the probe on a piece of 
actual basis material and adjusting the 
SET BASIS control until the meter 
reading is the same as required by the 

standard. In doing this, be careful to 
keep the instrument tuned to the proper 
side of zero, i.e., in the direction where 
the meter does not pass through zero at 
the top end of the scale. 

Thin Conductive Films 
On Nonconductors 

Metal foils and metallizing are con- 
sidered thin conductive films on non- 
conductors. It has been found that read- 
ings obtained for this type of film are 
rather insensitive to the probe-foil spac- 
ing. The readings remain unchanged 
from contact between probe and foil to 
a clearance of about %r inch. Calibra- 

tion of the instrument for this type of 
film can be performed simply by using 
multiple thicknesses of the foil to estab- 
lish the calibration point. Imperfect con- 
tact between layers does not show up on 
the 255-A. This insensitivity of spacing 
makes possible the use of the instrument 
as a noncontacting foil thickness gauge. 
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BRC Celebrates Shipment Of Its 10,ObOth Q Meter 
FRANK P. MONTESION, Editor, The Notebook 

On May 10, 1957, Boonton Radio 
Corporation commemorated its 23rd year 
in the instrument design and manufac- 
turing field with the shipment of its 
10,000th Q Meter. The occasion was 
marked at a special ceremony held at the 
Company’s plant. Highlighting the cere- 
mony were brief congratulatory talks by 
Mrs. W. D. Loughlin, widow of the 
founder of the company, and Dr. G. 
A. Downsbrough, President and General 
Manager of BRC. Dr. Downsbrough 
told the company employees that the 
10,000th Q Meter would be given to 
Rutgers University, the State University 
of New Jersey, for use in its engineering 
laboratories. “It is befitting,” he said, 
“that this instrument be given to an 
institution of higher learning, and that 
the institution be located in New Jersey, 
where BRC was established and still 
makes its home.” 

Following the talks by Mrs. Loughlin 
and Dr. Downsbrough, was a talk by 
Mr. Lawrence Cook, Quality Control 
Engineer and BRC’s senior employee. 
Mr. Cook related some interesting and 
amusing facts about the company’s rise 
from a six-employee, one-telephone con- 
cern to a full-grown manufacturing 
organization. The celebration ended with 
the serving of refreshments to all com- 
pany employees. 

9-Meter History 
The Q Meter was the first instrument 

to be designed and produced by BRC 
after the company was established back 
in 1934 by Mr. William D. Loughlin 
and several of his associates. Since that 
time, the words “Q Meter” and “Boon- 
ton Radio Corporation” have become 

certainly eminent. Actually, the design 
of the Q Meter was undertaken to solve 
a specific problem encountered by a 
local concern engaged in the manufac- 
ture of hard-rubber coil forms. These 
coil forms were inspected by this com- 
pany and met all of its requirements. 
However, when the forms were inspected 
by the purchasers, many were returned 
because they did not meet requirements. 
Investigation revealed that test instru- 
ments and techniques used by the 
manufacturer of the coils and the pur- 
chasers were different and therefore 
produced results which were not always 

the first Q Meter, Type 100-A, were 
presented in November 1934, at the 

engineering staff then was to establish 
standard techniques for measuring Q. 

ing principal and unique possibilities of 

Institute of Radio Engineers’ fal! meet- 
ing held in Rochester, N. Y. Soon after- 
ward, the instrument was accepted as a 
standard by industry and research 
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F -  ? 1. Prior to shipment to Rutgers Univer- the same. The problem Of BRC’s 
sity in New Jersey, BRC’s 10,000th Q-Meter is  
viewed by,  left to right, Mr.  1. Cook, Quality 

President and General Manager of BRC, Mr. B. 
Barth, Inspection Foreman, and ~ r .  r .  O’Grady, 
Shipping Foreman. 

almost synonymous. 
At the time BRC was established, Q 

measurement methods were complicated, 
time-consuming, and often unreliable, 
The need for improved techniques was 

Control Engineer, Dr* G.  A. DownsbroWh, This was accomplished, and the operat- 

Figure 2. The Q-Meter has come a long w a y  since 1934. 
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may hi: inU'Oduced beause of variations
of the basis, Ihe last (Ihinnest) sp«i
mt'n of plating should bt' rcoplact'd with
a pit'Ce of the bare basis. The oalibrat·
ing or measuring proct'<!ure will hi: as
follows:

Balance che inscrument on che chick·
t'Sc film, using the SET BASIS control,

Adjust che sensitivity on the bare
basis with che SET STANDARD con
trol. Jf the acrual basis should hi: slighrly
different from the one used in the slllnd·
ards, the ioscrumell( can hi: "coucht'<!
up" by placing the probe on a pit'Ce of
actual basis material and adjusting the
SET BASIS control until the meter
reading is the same as required by the

stlmdard. In doing this, hi: careful to
kttp the instrumcot tunt'<! ro the proper
sick of zero. i.e" in rhe direction where
the meter dOt'S not pass through zero at
the tOp end of rhe scale.

Thin Conductive Films
On Nonconductors

Met'al foils and metallizing are con
sidered thin conductive films on non·
conductors. It has been found that read·
ings oblllint'<! for this type of film arc
rather inscnsilive ro the probe-foil spac·
ing. The readings remain unchangt'<!
from contact between probe and foil to
a dean.nce of about %:: inch. Calibra-

tion of the instrument for this f)'pe of
film can bt' performed simply by using
mulriple thicknesses of rhe foil ro estab
lish the calibration point. Imperfecr con
tact berween layers dOt'S nor show up on
the 25S-A. This insensitivity of spacing
makes possible the use of the instrument
as a noncontacting foil thickness gauge.
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Spring 1956.
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BRC Celebrates Shipment Of Its 10,OOOth Q Meter
FRANK P. MONTESION, Edilor, The Notebook
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almosr synonymous.
At the time BRC was est3blisht'<!, Q

measurement methods were complicatt'<!,
rime-coosuming. and often unreliable.
The nttd for improvt'<! rcchniquC5 was

TYPE 100-.0.

1934

o

certainly eminent. ActuaJJy, Ihe design
of the Q Meter was undertaken 10 solve
a specific problem encounecred by :l.
local concern engaged in the manufac·
ture of hard-rubbt'r coil forms. These
coil forms ......ere inspected by Ihis com
pany and met all of its requiremt'nts.
However, ""hen Ihe fOl"ms were inspected
by rhe purchasers, many ,,'ere rerurnC'd
because rhey did nor mt'C:t requirements.
Invt'Stigarion revealed that tt'Sr insrru·
m~ntS and techniques used by the
m:l.fiuf:l.Cturer of the coils and the pur
chasers were different and therefore
product'<! resultS which were nOt always
the Slime. The problem of BRC's
engineering Slaff then was 10 cst:l.blish
standard ccchniques for measuring Q.
This was accomplished, and Ihe operat
ing principal and unique possibilities of
the first Q Met'er, Type lDO·A, were
presented in November 1934, at the
Institute of Radio EngiO«'fS' fall meet
ing held in Rochester, N. Y. Soon after
ward. the instrument was acceptt'<! u a
standard by industry and research

o

TYPE 170-.0.

1941

oo
1

TYPE: ISO-A
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ooo

On MIlY 10, 1957, Boonton Radio
Corporation commemOratM ils 23rd year
in the instrument design and manufac_
turing field with the shipment of its
1O,OOOth Q Meter. The ocasion \lo'2S

marked ar a special ceremony held al the
Company's plant. Highlighting the c~e

mooy were brief congr:uulatory talks by
Mrs. W. D. Loughlin. widow of the
founder of rhe company, and Dr. G.
A. Downsbrough. President and ~eral
Manager of BRC. Dr. Downsbroogh
rold the company employn:s thar the
JO,OOOth Q Meter would be given to
Rutgers University, the State University
of New Jersey, for usc in its engineering
laborntories. "It is befitting," he said,
"lIlat [his instrument be given to an
institution of higher learning, and that
the institution be located in New Jersey,
where BRC was established and still
makes its home:'

Following rhe talks by Mrs. Loughlin
and Dr. Downsbrough, was a talk by
Mr. Lawrence Coole, Quality Cormol
Engineer lind BRCs seniOr employee.
Mr. Cook related some imeresring and
amusing facts about Ihe company's rise
from a six·employee, one"telephonc con
cern 10 a full-grown manufacturing
orgapi~cion.The celebration ended with
the serving of refreshments to all com
pany employees.

Q-Meter History
The Q Meter was the first instrument

[0 be designed and produced by ORC
after the company was established b.1.ck
in !934 by Mr. William D. Loughlin
and several of his associates. Since thai
rime, the words "Q Meter" and "Boon
ton Radio Corporation" have become
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laboratories. Engineers and technicians 
in the growing radio industry received 
it enthusiastically. 

With the advent of the Q Meter, 
simple, rapid, and accurate Q measure- 
ments became a reality. In the years that 
followed, improved models and broad- 
ened applications were introduced to 
keep pace with a rapidly growing in- 
dustry (See figure 2 ) .  The Type 160-A 
Q Meter introduced in 1939, featured 
improved thermocouple shielding, more 
sensitive meters, and improved tuning 
capacitor design, adding together to  
provide for a much higher degree of 
accuracy in the high frequency range In 
the early years of World War 11, another 
Q Meter, Type 170-A, was designed to 
handle measurements in the very high 
frequency range. More recently, :he 
160-A and the 170-A were superseded 
by the 260-A and 190-A respectively, 
the latter instruments including such 
modifications as: “Lo Q’  and “AQ* 
scales, protection against thermocouple 
overload, power supply regulation, im- 
proved accuracy through the use of a 
newly developed annular insertion re- 
sistor, and other useful features. 

Other instruments 
From this article, one might suppose 

that all of BRC‘s efforts during the 
twenty-three years since its establish- 
ment have been directed toward the. 
development of the Q Meter. This is not 
the case. The engineering staff at BRC 
has been engaged in the development of 
numerous other electronic instruments 
which have found their way to elec- 
tronic laboratories around the world. 

EDITOR’S NOTE 
Q Meter Winner U 

“The Q Meter is one of the basic in the U. S. Army during World War 11, 
instruments for any electronic laboratory he earned his BS degree in Physics in 
and many hours of use have taught me 1948 at the University of North Car- 
to respect its accuracy and adaptability.” olina. During the next few years, he 
Music to the ears of the BRC Sales and was employed as a physicist at the U. S. 
Engineering Departments were these Naval Ordnance Laboratory. He re- 
words written by Mr. George S. Scholl turned to UNC for two years graduate 
winner of the Q Meter contest sponsored work, earning his MS in Physics in 
by BRC during the IRE convention in 1953. He worked again at NOL, this 
New York City last March. With his time as an electronic engineer, until 
estimate of 338, Mr. Scholl outguessed 1956 when he joined the American 
almost 1,600 other hopefuls in trying to Machine and Foundry Co., Alexandria, 
guess the Q of a coil displayed at the Virginia, where he is currently engaged 
convention. Actual Q of the coil, as in the development of instrumentation 
measured at BRC, was 336.7. for measurement of air blast pressures. 

Mr. Scholl writes that he was born in Mr. Scholl is married, has no children, 
Charleston, West Virginia and raised in and asserts that his chief hobby is 
Charlotte, North Carolina. After serving “just relaxing.” 
I 1 

A 
Mr. George S. Scholl, Research Engineer wi th  the American Machine and Foundry Co. o f  
Alexandria, Va., is shown with the Type 160-A Q-Meter he won with his 0 estimate of a coil 
displayed in the BRC booth at the JRE show in New York last March. 
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EDITOR'S NOTE
Q Meter Winner

M,. Geo,ge S. S<I.ell, Rue,,,..:h E"lli"e.. w;,h 'he Ame,;.a" Mo.Mne o"d Foundry Co. of

AI""a"d,;", Va.. i••hown w;,h ,"" Type 1,so_A Q.M,,'e, II. won w;,h M. Q u'im"',, of 0 ."i'

displayed in ,he SRC boo.h a' 'lie IRE .how in New yo,j, I"" M,,'eh.

laboratories. Engineers and technicians
in the growing radio industry received
it enthusiastically.

With the advent of the Q Meter,
simple, rapid, and accurate Q measure
ments became a realitY. In the years that
followed, improved modds and broad
ened applications were introduced to
keep pace with a rapidly growing in
duStry (See figure 2). The Type IGO-A
Q Meter introduced in 1939, featured
improved thermocouple shielding, more
sensitive meters, and improved tuning
capacicor design, adding together to
provide for a much higher degree of
accuracy in the high frequency range In
the early years of World War II, another
Q Meter, Type 170-A, was designed to
hand!.e measurements in the very high
frequency range. More recently, the
IGO-A and the 170-A were superseded
by the 260-A and 190·A respe<:tively,
the latter instruments including such
modifications as: "Lo Q" and "f:.Q"
SOltes, prote<:tion against thermocouple
overload, power supply regulation, im
proved accuracy through the use of a
newly developed annular insertion reo
sistor, and other useful fe.J.rures.

Other Instruments
From this anlcle, one mighl suppose

[hat all of fiRC's effortS during the
twenty-three years since its establish
ment have been directed toward the'
development of the Q Meter. ThiS is nOt
the case. The engineering staff at SRC
has been engaged in the development of
numerous other electronic instruments
which have found their way to elec
tronic laboratories around the world.

"The Q Meter is one of the basic
instTlllnents for any electronic laboratOry
and many hours of use have taught me
w respect its accuracy and adaptability."
Music ro the cars of the BRC Sales and
Engineering Depanments were these
words written by Mr. Goorge S. Scholl
winner of the Q Meter contest sponsored
by BRC during lhe IRE convention in
New York City last March. With his
estimate of 338, Mr. Scholl outguessed
almost I ,GOO other hopefuls in trying to

guess the Q of a coil displayed ar [he
convention. Acrual Q of [he coil, as
measured at BRC, was 336.7.

Mr. Scholl writ,es [hat he was born in
Charleston, West Virginia and raised in
Charlotte, NOrth Carolina. After serving

in the U. S. Army during World War 11,
he earned his BS degree in Physics in
1948 at the University of NOrth Car·
olina. During the next few years, he
was employed as a physicist at the U. $.
Naval Ordnance LaboratOry. He re
mrned to UNC for cwo years graduate
work, earning his MS in Physics in
1953. He worked again at NOL, this
time as an electronic engineer, until
1956 when he joined the American
Machine and Foundry Co., Alexandria,
Virginia, where he is currently engaged
in rhe development of iosl(umentation
for measurement of air blast pressures.
Mr. Scholl is married, has no children,
and asserts thac his chief hobby is
"just relaxing."
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Calibrating An Inductance Standard 
JAMES E .  WACHTER, P r o j e c t  E n g i n e e r  

Definition of Inductance Standard 

Ask an engineer for the definition of 
an inductance standard and he will prob- 
ably tell you that it is a coil or inductor 
having an accurately known, highly 
stable inductance. This is the definition 
implied. However, a better definition 
would be, an inductor having highly 
stable and accurately determined param- 
eters; i.e., inductance (L)  , distributed 
capacitance (cd)  , and resistance ( R )  . 

In such a standard, the parameters L 
and cd are readily measured but the 
accurate measurement of R is extremely 

L’ difficult. This is true because, in general, 
the more useful coils have a relatively 
high Q and consequently a very small 
value of R. R is so small in fact, that it 
is often swamped by the losses in any 
measuring equipment used, and there- 
fore is very difficult to isolate. Since Q 

is a function of R (Q =-), it follows 

that if Q and L can be determined, the 
value of R is firmly fixed. 

Methods for Measuring Q 

The problem now is to measure Q. 
An investigation into the possible 
methods of measuring Q has been made 
and the following conclusions drawn: 
1. The frequency variation method in- 

volves the ratio of the frequency at 
resonance to the difference in fre- 
quency between the two half-power 
points on the Q-versus-frequency 
curve. This method was found un- 
suitable because of the variation of 
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Figure 1 .  The author shown determining C at a V, /V  ratio, using the modified 
and specially calibrated Q-Meter. 

impedance of the Q circuit with fre- 
quency and the fact that the resonant 
frequency is different from the fre- 
quency for maximum voltage. 
Injecting an AM signal into the Q 
circuit and measuring the attenuation 
of the side bands was rejected be- 
cause errors in the amplitude of the 
side bands are caused both by cou- 
pling to the Q circuit and any asym- 
metry of modulation. 
Injecting an AM signal into the Q 
circuit and measuring the phase angle 
of the detected signal was also re- 
jected due to the error introduced in 
coupling to the Q circuit and the 
difficulty in accurately measuring the 
phase angle. 
Q as determined from measurements 
on a BRC G-Meter, Type 192-A, is 
quite accurate and not difficult to 
determine, but because the G-Meter 
provides only two measurement fre- 
quencies, 1 mc and 30 mc, this means 

was found unsuitable as a general 
method. 

5 .  A variation of the “Q by C” method 
was found to be most suitable, be- 
cause the frequency remains fixed for 
these measurements, and the effects 
on the Q circuit due to varying fre- 
quency are eliminated. Also, the 
measurement requires basically an 
injection system, a Q circuit with a 
variable capacitor, and an oscillator, 
all of which are available in a Q- 
Meter. 

Q Defined 
ic Up to this point, the term “Q’ has 
been used rather loosely. To aid in this 
discussion, it might be well to define 
here the several terms of Q with which 
we will be dealing: 

W L  Q - true Q of the inductor; i.e., - R 
Q,-effective Q; Le., the Q of the 

inductor mounted on a Q meter, 
exclusive of all Q-Meter losses. 

BOO NTON RA0I 0 COR P0RAT ION • BOO NTON, NEW IE RSEYo

NCV 20 1957

Calibrating An Inductance Standard
JAMES E. WACHTER, Proje&t Engineer

'il"" I. rll.....'".., J,OW" d",,"'i"i"(I C at 0 V.;V ,olio, ..,i"I,II. ",odi'~d
ona .,...ially .alib,at,d a·M.,.,.

Definition of Inductance Standard

Ask an engineer for [~ definition of
an induCtance siandard and he will prob
ably tell you that it is a coil or inductOr
having. an accurately known, highly
stable mductance. ThiS is the definitiOn
implied. However, a better definition
would be, an inductOr having highly
stable and accurately determine<! param
eters; i.e., induCtance (L), distributed
Cllpacirancc (c.,), and resistance (R).

In such a srnndard, the paramct('fS L
and c., are readily measured but the
accurate lllOISurcmem of R is extremely
difficult. This is true because, in gellen.l,
the more useful roils have a relatively
high Q and consequently a very small
value of R. R is SO smaJi in faa: that it
is ofren swamped by [he I~' in any
measuring equipmem used, aDd (here.
fore is very difficult to isolate. Since Q

is a function of R (Q = ~l), ir follows

lhat if Q and l can be dctermined, the
value of R is firmly fixed.

Methods for Measuring Q

The problem now is (Q meaSUre Q.
An investigation into (he possible
me(hods of measuring Q has been nude
and the following condusions drawn;
I. The frequency "ariarion me(hod in

volves the ratio of the frequency at
resonarKe to the difference in f~

quency berwcen the (wo half-power
poinlS on (he Q.versus-frequency
CUTVe. 111is method was found un.
suitable because of the variation of
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impedance of the Q circuit with fte·
quency and the laCt that the resonant
frequency is different from the lre·
queney for m:tXimum voltage.

2. Injecting an AM signal into the Q
circui( and measuring (he attenuation
of the side bands was rejected be·
cause errors in the amplitude of the
side: bands are: causc:d borh by cou·
pling to the Q circuit and any asym·
metry of modulation.

3. Injecting an AM signal into the: Q
circuit and measuring (he phase angle
of the detected signal was also re·
jected due to the error introduced in
coupling to the: Q circuit and the
difficulty in accurately melsuring the
phase angle.

4. Q as determined from measurementS
on a BRC G·Me(er, Type 192·A, is
quite aCCUt:lte and nor difficult to

determine, bur because the G·Meter
provides only rwo measuremem lre.
quencie:s, J me and 30 me, this means

was found unsuitable as a general
method.

S. A variation of the '.Q by C' method
was found to be mOSt suitable, be·
cause (he frequency remains lixed lor
these measuremenlS, and the effectS
on the Q circuit due [0 varying fre
quency are e1iminatM. Also, the
measurement requires basically an
injection system, a Q circuit with a
variable capacitor, and an oscillator,
all ol which are available in 11 Q.
Meter.

o Defined
... Up to (his point, lhe term "Q" has
been used rather loosely. To aid in this
discussion. it might be well to define
here the severa! terms of Q with which
we will be dealing:

Q - true Q of the induCtor; i.e., r;L

Q,.-effective Qj i.e., the Q of the
inducmr mounted on a Q merer,
exclusive of all Q.Meter losses.
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Q, -circuit Q; Le., the Q of the Q- 
Meter resonant circuit, including 
rhe inductor. 

Q,-indicated Q; Le., the Q of the 
Q-Meter resonant circuit as in- 
dicated by the meter. This value 
includes the calibration errors of 
the Q-Merer. 

Determination of b 

From the preceding definitions, it is 
seen that QI,, the Q that the inductor 
appears to have when associated with 
additional circuitry, is the most useful 
value. If necessary, true Q can be de- 
rived from this value. To  measure Qe, 
a substitution method is used whereby 
the conductance of the Q circuit is deter- 
mined first with a well shielded high-Q 
coil and again with the same high-Q coil 
plus the inductor being evaluated. The 
difference between the two determina- 
tions is the conductance of the unknown. 
This can be shown mathematically. 
Referring to the voltage-versus-capaci- 
tance curve (Figuce 2 ) of the Q-Meter 
tank circuit, the conductance of the Q 
circuit with the high-Q coil can be 
expressed as: 

The conductance with the two coils is 
then: 

If the ratio 3 is made equal to 
v1 

3 then the conductance of the 
V-'  

unknown is: 

With the conducrance of the inductor 
known, it is a simple step to compute 
the effective Q:  

It should be noted that the inductor 
should have a Q of more than 100, since 
the foregoing equations have been de- 
rived using this assumption. 

While the preceding analysis is 
straightforward, the actual measure- 
ments are involved. From equations 
( 3  ) and ( 4 )  it is seen that because w 
is readily determined to a high degree 
of accuracy using 3 crystal frequency 
calibrator or frequency counter, the 
overall accuracy is dependent upon the 
determination of C,,, AC, and VJV and 
the ability to repeat specific -ratios of 
v,,/v. 

Figure 2. Voltage versus capacirance curve of 
a Q-Meter tank circuit. 

To make the measurements we have 
used a modified and specially calibrated 
Q-Meter ( Figure 1 ) . Additional bind- 
ing posts have been added to permit 
mounting two coils; one in the normal 
manner and the other from the HI post 
to ground. A means has been provided 
whereby the QMeter  B+ voltage is 
externally regulated and monitored. 
Direct connection may be made to the 
cathode of the Q-voltmerer tube. In ad- 
dition, a calibrated high-ratio gear drive 
is used to operate the main Q-capacitor 
and a parallel group of three micrometer 
type vernier capacitors, having a total 
range of abour 100ppf, replaces the 
usual vernier. This permits the main 
tuning dial to remain in a fixed position 
while a wide range of A C  readings is 
made. 

vol tage  Katio 

Setting up the V,,/V ratios neces- d 
sitates the L I S ~  of two specialized pieces 
of eqLiipment; an instrument to provide 
precise levels of a 1000 cps signal 
( voltage calibrator) and an instrument 
to provide several very stable DC volt- 
ages (bucking voltage source). The 1000 
cps Source is used to  calibrate the DC 
Source in the following manner: The 
1000 cps source is connected to the 
capacitor terminals of the Q-Meter, 
whose oscillator is made inoperative by 
setting between ranges. The DC source 
is connected through a microammeter 
to the cathode of the Q-voltmeter tube 
(See figure 3 ) .  Q-Meter zero is ac- 
curately set and periodically checked. 
The Q-Meter B+ supply voltage is also 
checked periodically to insure stable 
conditions. The level of the 1000 cps 
signal is adjusted to give il reading well 
LIP the Q scale of the Q-voltmeter. This 
is the resonance reference v,, = 1. 

The DC source is then adjusted, in the 
1 position, to give a zero reading on the 

'microammeter in the lead to the Q- 
voltmeter tube, indicating that the volt- 
age is of the same level as the voltage 
delivered to the Q-voltmerer. The 1000 
cps source is now set to give exactly 0.9 
of the previous signal and the DC source 
is switched to the next output and ad- 
justed for zero meter reading. This is 
repeated for several levels; i.e., 0.8, 0.7 
0.6. 

It can be seen that the DC source is 
now a memory for the various voltages 
appearing across the Q-Meter tuning 
capacitor, enabling the user to set and 
reset precisely to any desired voltage. 

With the 1000 cps source removed 
and the Q-Meter oscillator set to the 
desired test frequency, the inductor (or 
inductors) to be measured is connected 
and the Q-Meter is resonated with the 
main and vernier capacitors. Capacitor 
settings are recorded and correspond to 
the resonating capacitance Co. The DC 
source is set to the 1 reference position 
and the Q-Meter XQ level is adjusted 
to give a zero reading on the micro- 
ammeter. The DC source is then 
switched to rhe 0.9 reference position 
and the Q-Meter is detuned on either 
side of resonance, using the vernier ca- 
pacitors. The difference between the 
capacitor settings, ar the point on either 
side of resonance where the current 
meter reads zero, is the AC value for 
the ratio V,,/V = 0.9. These capacitor ii 
settings are also recorded, and the pro- 
cedure is repeated for the VJV ratios 
of 0.8, 0.7, etc. 
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St.-tling up (he V.. V .ra~i05 n~'Cl"S

sitau."S rhe usc of l\lotl spt.-clahztod pWCl"S
of equipmC'l1I; an instrument 10 pr~\'ide

precise levels of a 1000 cps Signal
I voltage calibralOr) and an insrt\lIncl1l
to providt: st:veral very stablt: DC volt·
ag('s (buckin,L; voltage source). The 1000
cps source is used I" calibtate the DC
source in the following manner: '11lt:
1000 cps source is connected 10 the
capacilOr terminab of the Q-~1eter,

whose oscillalOr is made inoperatlve by
selling between ranges. Th~ DC source
is connected through a mlCro:ammeler
10 the cathode of Ihe Q-\'oltmeu~r rube
(See figure 3). Q.Merer zero is ac
curately sel and pcriodiaJly checked.
The Q.Mel.er B+ supply voltage is also
checked periodically to insure stable
conditions. The level of the 1000 cps
signal is adjusted to give a reading well
up the Q scale of the Q-voltmeter. This
is the tesonance reference V" = L

The DC source is lhen lIdjUSled, in the
I position, to give a :tefO reading on lhe
micrOlimmeter in the lead ro the Q
voltmerer rubl", indicating that the vol!
age is of rhe same level as the voltage
delivered to Ihe Q.voloneter. The 1000
cps source is now sel ro give exactly 0.9
of the previous signal and the DC source
is swirched (0 the next OUtpul and ad
JUSted for lero meter reading. This is
repeated for $("'\·eral levels; i.e., 0.8, 0.7.
0.6.

It can bl" seen that the DC source is
now a memory for rhe various voltages
appearing across the Q-M~ter tuning
capacitor, enabling lhe user 10 SCt and
reset pr~cisely tu any desired volrage.

\Vith the 1000 cps sOurce removed
and the Q·Metcr OSCillator SCI to lhe
dl'Siroo tl-sr frequency. lhe induClOr (or
inductots) 10 be measured is connected
and the Q-Meter is resonated with Ihe
main and \'ernier capacitors. Cap.ilcitor
settings lire re<:orded and correspond 10
Ihe resonating ap;lcitance c... The DC
SOUICC' is set 10 the I reference posilion
and the Q-Meler XQ level is adjusted
10 give a zero reading on the micro
ammeter. The DC source is then
swirched to the 0.9 reference position
and the Q-Meter is denmed on eirher
side of reson;lnce. using the vernier ca
pacitors. The difference between the
capacitOr senings, ar the point (In either
side of resonance where the cutren!
meter reads zero, is the 6C value (or
lhe I"1ltio V,,/V = 0.9. These capacitor
settings are also recorded. and lhe pro
cedure is repealed for lhe V,,/V ratios
of O.R. 0.7. etc.
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1i,,,,.. 2. Volta" "'''''' <apa<;,anu <".... of
o Q_M,,,. tank ,ire"it.

V.. then IhC' conduetanct: of the
V./

unknown is:

With the conducrance of the induClor
known, it is a simple srep !O compute
the effective Q:

we.,
(4) Q~~ = G~

It should be rlOI"ed [hat [he inductor
should have a Q of more Ihan 100. since
Ihe foregoing equations have been de
rived using this assumption.

While Ihe preceding analysis is
straightfotwlltd, the actual measute
mems are involved. From equations
(3) and (4) it is seen that because w
is readily determined to a high degree
of accuracy using ~ crystal frequency
CalibratOr or frequency counter, the
overall aCCUrllcy is dependent upon thc
dctermination of c." 6C, and V"/V ll.nd
the ll.bility 10 repeat specific ratios of
V,,/V.

To make the measurements we have
used a modified and specially calibrated
Q-Meter (Figure 1). Addilional bind·
ing postS have been added to permit
mounting (WO coib; one in the normal
manner and Ihe OI~r from the HI post
10 ground. A means has been provided
Whereby Ihe Q.Meler B+ voltage is
externally regulated and monitOred.
DireCt conne<:(ion may bl" made 10 the
cathode of rhe Q-voltmeter rube. In ad
dition, a calibtated high-ratio gear drive
is used to operate thc main Q-capaciror
and a parallel group of three micrometer
type vernier capacirors. having a roral
range of about lOO/-L/-Lf, replaces the
usual vernier. This permits the main
runing dial 10 remain in a fixed position
while a wide range of 6 C readings is
made.

IS made equal 10

wC.'~' _
= .1.£....1liY.l(Y,•_ 1

tK I V\V]1

Y"
Y,

G _ WCll
1- Qd

If Ihe ratio

(2)

( 1)

The conducrance wilh the tWO coils is
then:

Q.. -circuir Q; i.e.. !I'll! Q of the Q
Meter resonant circuit, including
the inductor.

QI - indicated Q; i.e., Ihe Q of the
Q-Meter reson:lnt circuit as in
dicated by the meter. This value
includes rhe calibradon eCIors of
the Q-Meter.
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From the preceding definitions, it is
seen that Q.., the Q that [he inductor
appears to have when associated with
additional circuitry, is the mesl useful
value. If nec~ry. true Q can be de·
rived from this value. To measure Q...
a substitution method is used whereby
the conducrance of the Q circuit is deler
mined firsl wilh a well shielded high.Q
coil and again with lhe same high-Q coil
plus the inductor being evaluated. The
difference ber'l.'een the t'l.·O determina
tions is Ihe conduCtance of the unknown.
This can be shown mathematically.
Referring to the voltage.versus-capaci.
lance curve (Figure 2) of Ihe Q·~"e[er

tank circuit, the conducrance of rhe Q
circuit with the high-Q coil can be
expressed as:

Determination of Q

2



T H E  N O T E B O O K  

Deternainiizg Cdpncitame - All that remains is to accurately deter- 
mine the capacitance at the recorded 
capacitor settings before applying equa- 
tions ( 3 ) and ( 4 ) .  

Modifications made to the Q-capaci- 
tors permit settings to be repeated to a 
very fine degree. This is necessary, 
because it is required that the Q-Meter 
be turned off to calibrate the capacitor. 

The actual capacitance is measured by 
connecting a sensitive capacitance bridge 
to the capacitance terminals of the Q- 
Meter whose capacitors are set to a 
previously recorded value. The bridge is 
then balanced using a precision ca- 
pacitor. All known corrections to the 
precision capacitor are applied and cor- 
rection for the leads from the bridge to 
the Q-Meter is made. 

The preceding is sufficient for the 
difference in capacitance (AC) data, 
but for absolute capacitance (C(,) data; 
additional corrections are necessary. A 
correction for the Q-voltmeter level is 
required, because the Q capacitance is 
measured with the Q-Meter turned off. 
This correction is determined through 
the use of a second Q-Meter (No. 2 ) .  
The oscillator of the Q-Meter to be 
checked is disabled (set between ranges) 
and the capacitance terminals of this Q- 
Meter are connected to those of Q-Meter 
No. 2. Number 2 Q-Meter has a coil 
connected in its tank circuit and its 
oscillator is operated at the test fre- 
quency. The coil is selected so that some 
low value of capacitance is required to 
resonate with it. If the capacitance re- 
quired is 80ppf,  then about 40ppf will 
be supplied by the Q-capacitor of each 
Q-Meter. 

The Q-Meter under test is turned off 
and its vernier capacitors are used to 
resonate the tank circuit of Q-Meter 
No. 2; then it is turned on again, and 
the process is repeated. The difference 
in the two settings of the vernier is the 
capacitance attributable to the Q-volt- 
meter a t  the particular voltage (or Q) 
level. Different voltage levels can be 
selected by changing the setting of rhe 
XQ control on Q-Meter No. 2 and the 
capacitance correction versus Q level can 
be plotted as shown in Figure 4. 

A final correction to the capacitance 
values may be necessary. When the Q- 
capacitor of a Q-Meter is calibrated, 
some small capacitance existing between 
the Q-Meter HI  terminal and the cabinet 
(ground) is included in the calibration. 
A shielded coil connected to the coil 
terminals of the Q-Meter (shield con- 
n’ected to the LO terminal), causes some 

w 
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Figure 3. Connections used for setting up V , / V  rrrtios. 
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of the capacitance to shift from HI 
terminal to cabinet, to HI terminal to 
shield. This is called the proximity 
effect and is exceedingly difficult to 
define. In all but the most rigorous 
determinations, this effect may be neg- 
lected without seriously affecting the 
accuracy of the result. Without develop- 
ing a lengthy and involved procedure 
for determining this effect, it may be 
said that generally any shielded coil hav- 
ing overall dimensions similar to the 
shielded coils manufactured by Boonton 
Radio Corporation ( 3-inch diameter 
shield Fans) will produce a proximity 
effect of approximately -0.4ppf when 
mounted on a Q-Meter with the coil 
base about 1 inch above the Q-Meter 
top panel. The figure will decrease with 
a decrease in the shield can diameter or 
an increase in the distance between the 
shield can and the Q-Meter. 

Recapitulating the capacitance cor- 
rections: 

Ci - Capacitance indicated by Q- 
Meter Q-capacitor. 

I C , .  - Correction indicated by pre- 
cision capacitor. 

r+C, -Correction for leads from 
capacitance bridge to Q- 
Meter. 

t C ,  - Correction for Q-voltmeter 
level. 

-C,) - Correction for proximity 
effect. 

It should be noted that for best results 
all measurements should be conducted 
in a temperature and humidity con- 
trolled atmosphere so that both the in- 
ductor under test and the measuring 
equipment are not affected by these 
conditions. 

The AC values derived using the de- 
scribed procedures are used in equation 
( 3 )  and a value of G, is obtained for 
each V,,/V ratio. An indication of the 
care and accuracy of measurement is ap- 
parent by the degree of coincidence of 
the several values of G, for each test 
frequency The C,, value measured at 
each test frequency is used in Conjunc- 
tion with the average G, value for that 
frequency in equation ( 4 )  to yield the 

effective Q of the inductor 
True inductance and distributed ca- 

pacitance of the inducror can be found 
by applying data obtained from the 
previous measurements to the following 
equations: 

/ 1  1 \  
\ - - -p j  

( 5 )  L= 4 7T2 (C,,, - c,,, ) 

Where: 
C,,, and C,,2 are the capacitances neces- 
sary to resonate the coil at frequencies 
f t  and f, respectively, and n is the ratio 
of f 2  to fl. 

Figure 4. 
curve for a Q-Meter. 

Capacitance correction versus Q - l e v e l  

All of the true and effective para- 
meters may now be determined by 
applying the following equations: 

( 7 )  Effective inductance ( L e )  = 
L 

1 - w”Ca 
(8 )  Effective resistance (R,) = 

OL, R 
Qe 

- 
(1  - O*LCd)2 

OL Ca ( 9 )  T r u e Q = - z Q Q , ( l + - )  
R c, - 
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Effective inductance (1..) ::::
L
w"Ct

Effct:tive resistance (R.) =
wI... R
Q,. - (1 w~LCt)2

wl C.
True Q:::: If" :::::: Q~( I + c.:.-l

(7)

(9)

(8)

Where:
C.,I and C,,~ arc the capacitances neces
sary to resonate the coil at frcquencies
f t and f~ respectively, and n is the ratio
off~tOfJ.

All of the true and effective f"
meters may now be determine by
applying the following equations:

ligu,e 4. C"p"dr"",. ,."• .,;." v.nUI Q.l•••,

<u,•• ,., " Q_M.r.,.

effective Q of the inductOr.

True inductance and distributed ca
pacitance of the inductor can be found
by applying dara obtained from the
previous measurementS to the following
equations:

"'

,H-------~~
••,

.uc.,,.., .....,.0£

The AC values derived using the de
scribed procedurcs are lIscd in (.'quation
(3) and a value of G. is obtained for
each VjV ratio. An indication of the
care and accuracy of measurement is ap
parent by the dcgr(."(' uf coincidence of
the several valucs of G, for each test
frcqucncy. The C, value measured ae
each test frequency is used in conjunc
tion with the average G_, value for that
frequency in ('quation (4) to yidd the

of the capacitance to shift from HI
terminal to cabinet, to HI terminal to
shield. This is called the proximity
effect and is exceedingly difficult to

define. In all bw the most rigorous
dcterminations, this efk'Ct may be neg
lected without seriously affecting thc
accuracy of the result. \'(lithout develop
ing a lenBthy lind involved procedure
for determining this cffct:t, it may be
said thar generally any shielded coil hav·
ing overall dimensions similar to the
shielded coils manufactured by Boonton
Radio Corporation (3·inch diameter
shield cans) will produce a proximity
cffecl of approximately -O.4J.tJ.tf when
mounted 011 a Q-Meter with rhe coil
base about I inch above Ihe Q-Merer
lOp panel. Thc figure will decrease with
a decrease in the shield can diameter or
anjncreaSt' in the distance between the
shield can and the Q-Meter.

Recapirulating the capacitance cor
rections:

CJ - Capacitance indicated by Q
~reter Q-capaciror.

:±:c.. - Correction indicated by pre
cision capacitor.

±CJ - Correction for lcads from
capacitance bridge to Q.
Metcr.

±C. - Correction for Q.volrmeter
level.

-Cl,-Correction for proximity
effect.

I! should be noted that for best results
all measurements should be conducted
in a temperarure and humidity con
trolled atmosphere so that both the in
ductOr under test and the measuring
equipment are nor affected by these
conditions.

All thaI n'Jn:lins is ro accliraecly deter
mine the capacitance :tl the [('Corded
capacitor scuings before applying equa
tions (3) and (4).

Modificatiuns m:lde to lhe Q-atpaci
tors permit settings to be repealCd to a
very fine dcgt(.'C. ll1is is n('Cessary,
b<.:cause it is required that the Q.Meter
be turned off to calibraee the capaciwr.

The actual capacitance is measured by
connecting a scrlSidvc capacitance bridge
to the capacitance terminals of the Q.
Meter whosc capaciwrs are set to a
previously recorded value. The bridge is
then balanced using a prccision ca·
pacitor. All known corre<tions to the
precision capacitor are applied and cor
renion for the leads from the bridge to

the Q·~-Ic[er is made.
The preceding is sufficient for the

difference in capacitance (6.C) data,
but for absolute capacitance Cc.,) dara;
additiOnal corrcctions arc nct:essary. A
correction for the Q-voltmeter level is
r(."quired, because the Q capacitance is
mcasurcd with the Q-Meter turned off.
This currection is determined tlHough
thc usc of a sccond Q.Meter (No.2).
Thc oscillator of the Q-Meter to be
ch(.'Ckcd is disabled (SCt between ranges)
and the capacirance terminals of this Q
Meter arc conncn(..,J to those of Q-Merer
No.2. Number 2 Q.Meter has a (oil
connected in its tank circuit and its
oscillator is operated at the tesr fre
quency. TIle coil is selected so that some
low valuc of capacitance is required to

rcsonatc with it. If the capacitance re
(juired is HOpp.f, then abo\l[ 40J.tJ.tf will
be supplied by the Q·capacitor of each
Q-Mcrcr.

The Q.Meter under t(."St is turned off
and its vernier capacitors are llS(.,J to
resonate the rank circuit of Q-Meter
No.2; then it is tllrncd on again, and
the proccss is repcattxl. TIle diffcrcnce
in the two settings of the vernier is the
capacitance attributable to the Q-volt
meter at the particular voltage (or Q)
level. Dif{ercllt voltage levels can be
selected by changing the setting of the
XQ (ontrol on Q·Meter No.2 and the
capacitance correction versus Q level can
be plotted as shown in figure 4.

A final correction 10 the capacitance
values may be necessary. \Xlhen Ihe Q
I:apacitor of a Q-Meler is caJibratd,
some small capacitance existing between
the Q-Meter HI terminal and thc cabineT
(ground) is included in the calibration.
A shiclucd coil cOlln('Ctcd ro the coil
terminals of the Q.Meter (shield con·
IK'Ued to the 1.0 lCrminal), causes some

Determining Capacila<lcc
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Bibliography BRC Q-Standard, Type 51 3-A 

A specific example of an inductor 
developed through use of the described 
methods is the BRC Q-Standard, Type 
5 13-A. The nameplate information for 
this inductor includes L, Cd, Qe at three 
frequencies, and another term, Qi, at 
the same three frequencies. In this case, 
Qi is the Q that would be indicated by 
a Q-Meter having average loss and zero 
calibration error. The Qi information 
was derived through an analysis of pro- 
duction indicated Q checks made on Q- 
Meters manufactured by BRC and relat- 
ing the result to the measured Qe value. 
Of course, in production the procedures 
just outlined would be impractical, 
therefore, a comparison method was de- 
veloped. At each of the three frequen- 
cies involved, the production coil is 
compared to a standard, which has been 
established using the rigorous method 
described above. A precisely calibrated 
Q-Meter is used for the comparison, 
although its .accuracy has only higher 
order effects on the results. 

Suppose that at one of the frequencies, 
the difference between the production 
coil and the standard, as compared on a 
Q-Meter, is given by AC and AQ. The 
functions of standard and production 
coils would then be defined as follows: 

Coil 
Qix 

Qex 

Where: 

( IO) Qis = Qi + AQ 
(11) c,,, = C” + AC 
(12) Qrs= 

Using the same process to obtain differ- 
ence data at the other two frequencies, 
(2,.s can be found at each frequency. 
Distributed capacitance and inductance 
of the unknown are given by: 

(14)  L,= 

Where the subscripts 1 and 2 refer to 
measurements at 2 frequencies. 

To reduce the possibility of errors in 
manipulation, equations ( 12 ) , ( 13 ) , 
and (14)  have been transformed to 
nomograms for use by production per- 
sonnel ( See Figure 5 ) .  

Figure 5. BRC inspector shown using a nomo- 
gram to determine the effective Q of (I Type 
513-A inducfor. 

A great deal of care has been taken in 
the physical design and manufacture of 
the Q-Standards to insure their stability. 
The coil form is mounted on a copper 
base, which is fitted to a shield can. The 
unit is hermetically sealed, evacuated, 
and filled with an inert gas to a pressure 
of 1 psi above atmospheric pressure. 
Leads are brought through the base to 
banana plug connectors, which may be 
replaced without breaking the seal. The 
high potential connector is isolated from 
the base by a low-loss ceramic seal. 

The care taken in determination and 
production of the Q-Standards is attested 
to by the fact that not a single coil has 
been returned for mechanical failure or 
deterioration of electrical specifications. 
In some cases, Q-Standard users involved 
in government work have been required 
by the cognizant government agency to 
have their Q-Standards periodically re- 
checked by BRC. In each such case it has 
been found that the nameplate informa- 
tion was well within the original spe- 
cification tolerance and no corrections of 
any kind were required. 

d 
1. Application Instructions for the Q- 

Standard Type 5 13-A. 
2. Hopf, W., Boonton Radio Corp., 

“Precision Measurement of Q by 
AC’, Feb. 1951. 

3. Kang, C. L. and Wachter, J., “The 
0-Standard”. BRC Notebook No. 1, 
$ring, 1954. 

4. Kang, C. L., “Circuit Effects on Q’, 
BRC Notebook No. 8, Winter, 1956. 

5 .  “A Standard for Q and L”, BRC 
Notebook No. 12, Winter, 1957. 

BRC manufactures two Q-Standards; the Type 
513-A, discussed in  the above article, and the 
Type 518-A. Each Type 513-A Q-Standard i s  
individually calibrated and marked with its true 
inductance (L) ,  distributed capacitance (Cd), 
effective Q(Q,), and indicated Q ( Q , )  at 0.5, 
1.0, and 1.5 megacycles. Because these para- 
meters are accurately known and highly stable, 
this standard may be used for providing pre- 
cisely known supplementary Q-circuit inductance 
desireable for many impedance measurements 
by the parallel method, as well as a means for 
checking the Type 260-A and 160-A Q-Meters. 
The Type 518-A Q-Standard on the other hand 
i s  a precision inductor designed primarily for 
use in checking the overall operating accuracy 
of Q-Meters Type 260-A and 160-A. 
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BELL SYSTEM 
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BRC Q.Standard, Type 513·A (14) l~= Bibliography

A specific example of an inductOr
developed through use of the described
methods is the BRC Q-Standard, Type
5B-A. The nameplate informlttion for
this inductor includes L, 41, Qe at three
frequencies, and another term, QI, at
the same three frequencies. In this case,
QI is the Q that would be indicated by
a Q-Meter having average loss and zero
calibration error. The QI information
was derived through an an:dysis of pro·
duction indicated Q checks made on Q
hofeters manufactured by BRC and relat
ing the result to the measured Q.. value.
of course, in production the procedures
JUSt o\1tlinl-d would be impractical,
therefore, a comparison method was de
veloped, At each of the three frequen
cies involved, the production coil is
comparc-d to a standard, which has been
established using the rigorous method
described above. A pre<:isely calibrated
Q-Me::t('f ~s used for the compa~ison,

although Its -:l(;curacy has only lugher
order effects On the results.

Suppose that at one of the frequencies,
the difference between the production
coil and the standard. as compared on a
Q.Meter. is given by 6.C and 6.Q. The
functions of standard and production
coils would then be defined as follows:

Where the subscripts I and 2 refer to
measurements at 2 frequencies.

To reduce the possibility of errors in
manipulation, equations (12), (13),
and (14) have been transformed to
nomograms for use by prooucdon per
sollnel (See Figure 5).

l. Application Instructions for the Q.
Standard Type 513-A.

2. Hopf, W., Boonton Radio Corp.,
"Precision Measurement of Q by
6.C", Feb. 1951.

3. Kang, C. 1. and Wachter, J., "The
Q.Standard", BRC Notebook No. I,
Spring, 1954.

4. Kang. C. 1., "Circuit Efft"C{s on Q",
BRC Notebook No.8, Wimer, 1956.

5. "A Standard for Q and I.", BRC
Notebook No. 12, Wimer, 1957.

BRC Inon.. fo<,.. ,e. 'wo a·S'o~do,d.; 'he Ty,..
513-A. di.wned ,n 'he above o,ti<ie, o~d 'he
Ty,.. 51B·A. Eom 1y,.. 513·'" Q_S'anda'd i.
,"dividually <olib'ot.d and ma,••d wi'h i" ""e
'ndu,tan,. (L), d'.h'h",.d <apo<iton,. (C,I.
effective Q(Q.), o"d indicated Q(O,) a' 0.5.
1.0, and 1,5 m.",o,ycle•. h,ou.. ,h... pa'O'
m.te.. a'. o"u,o,.ly known o"d highly .tahl•.
thi. "ondo,d moy be ....d fa, p,ovid;~g p'.'
d .. ly known ,,,,,pl.m.n'a,y Q-,;"..;, Indu,tan'.
d.,I,oohl. 10' Inany imp.don,. meO<ll,om.,,"
by tho po,oll.1 me'hod. 0. well a' a m.an. for
<hocking the 1y,.. ~6O·A o"d 16O·A Q·M.'e...
110. Type 518·A Q·StondO'd on ,h. o'ho' ha"d
1. a p,.d,'o" Ind ..,lo, M'ig"ed p,ima"ly fo,
u.e in ,he,ki"g the ove'all o,..,o,lng o"u'a,y
01 Q.Me'." 1y,.. 260·" and 160·.... ---'

BELL SYSTEM
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A great deal of care has been taken in
the physical design and manufacture of
the Q-Standards to insure their stability.
The coil form is mounted on a copper
base, which is fitted to a shield can. The
unit is hermetically sealed, evacuated,
and filled with an inen gas to a pressure
of I psi above atmospheric pressure.
Leads are brought through the base to
banana plug conll<:."CtorS, which may be
replaced without breaking the seal. The
high potential connector is isolared from
the base by a low-loss ceramic seal.

The care taken in determinatiOn and
prcxluction of the Q.Smndards is attested
to by lhe fact that nO( a single coil has
been returned for mechanical failure or
deterioration of electrical specifications.
In some cases, Q.Standard users involved
in governmem work have been required
by the cognizant government agency to

have their Q-Standards periodically re
checked by BRC. In each such case it has
been found that the nameplate informa
tion was well within the original spe
cification rolerance and no corrections of
an}' kind were requirt-d.

fill",e 5. 8Re i".pftclor .how" ".ing " "OlnO_

g,oln to dele'lni"e the elle<t;ye Q of 0 Type

SI3-A ind..ctor,

•

'Q I
Q,+..I.Q

\X!here:

(10) Q.. ~ Q, + 6Q

(II) c,.=C,,+6.C

(12) Q..,=

'... 1C. +..I.CJ

Using the same process to obtain differ
enCl' d:ua at the other tWO frequencies.
Q,.• can be found at e;tell frequency,
DiSHib\1red capacitance and inducrance
of the unknowll arc given by:

Known Unknown
Srandard Production

Function Coil Coil
Indicated Q Q, Q..
Resonating C C, Co,
Effective Q Q, Q..
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A linear Detector for FM Deviation Measurements 
F R A N K  P .  MONTESION, E d i t o r  T h e  N o t e b o o k  

With the development of the Type 
202 FM Signal Generators in 1946, 
there arose a need for a device for the 
precision measurement of frequency 
deviation. Such a device would be re- 
quired to provide laboratory accuracy 
and, at the same time, had to be simple 
and convenient for direct use on the 
production line. A detailed survey of 
available instrumentation revealed that 
such an instrument was not available and 
work was carried out at BRC on the 
development of this laboratory tool, con- 
current with the development of the 
FM Signal Generator. 

The result of this project was an early 
prototype unit, which over the years has 
Endergone constant redesign and im- 
provement to become known as the 
BRC Type 208-A FM Linear Detector. 
These instruments have been in constant 
use in our standards laboratory and engi- 
neering and production departments 
during this period, and are currently 
used to calibrate the Types 202-E and 
202-F, FM-AM Signal Generators. 

At the request of several customers 
who had a need to perform similar 
measurement of frequency deviation, the 
Type 208-A FM Linear Detector has 
been put into production and is now 
available for sale. 

‘1 

Operating Principles 

The basic circuit elements of the FM 
Linear Detector are shown in block 

Detector are conventional circuits that 
operate to produce a signal usable for 
detection purposes. Actual detection is 
accomplished in the limiter and discrim- 
inator circuits shown in simplified 
schematic form in Figure 3. A type 6C4 
triode, tuned over a frequency range of 
27 to 54 megacycles is used as an RF 
oscillator. The output from the RF oscil- 
lator is fed to a Class C frequency- 
doubling stage tuned to the second har- 
monic of the oscillator frequency ( 54 to 

ycles) which drives a Class 
rating as a frequency dou- 

bling stage on the high frequency range 

. 

Figure 1.  Type 208-A FM Linear Defector. 

(108 to 216 megacycles). The RF out- 
put from the doubler-amplifier stages, 
together with the output of the FM 
signal generator under test, are fed into 
a mixer stage. The difference frequency 
produced by the mixer is then fed 

stages of IF amplification 
to the limiter stage. After the first stage 
of IF amplification, a signal is fed 
through a cathode follower stage to the 
IF terminals for use in AM measure- 
ments. 

petition rate or frequency of the incom- 
ing signal. 

A low-pass filter is connected across 
the output of the discriminator to re- 

red signal frequency com- 
to allow the instantaneous 
rise and fall with each dis- 

charge of a current pulse. The demodu- 
lated output of the detector is a varying 
unidirectional potential directly propor- 
tional to the IF frequency. 

Discriminator and Limiter 

Referring to Figure 3, the input ei,, 
is an FM signal with a carrier frequency 
between 100 and 300 kc. The amplitude 
of this signal is sufficient to overswing 
the cutoff and zero bias limits of tube 
807. During the part of the cycle when 
the tube is cut off, the plate potential 
will rise to the level of En. When the 
grid is positive, the plate current will 

then that the minimum and maximum 
instantaneous plate potential 
7 are held constant, producing 
wave which is squared off, top 

and bottom, at definite fixed potentials 
and which is unaffected by possible 
variations in grid-swing amplitude. This 
square wave of plate voltage has a rep- 
etition rate equal to that of the input 
signal, eb,. 

art of the cycle when the 
of tube 807 reaches its 

peak value (ET%), capacitor C1 is charged 
through diode dl of tube 6H6 to a 
potential equal to El%. When the plate 
potential of tube 807 swings toward its 
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Discriminator and Limiter

Referring to Figure 3, the input 1'1"

is an FM signal with a carrier frequency
between 100 and 300 kc. The amplitude
of lhis signal is sufficielll to ovcrswing
rhe cutoff and zero bias limits of tube
S07. DlIting lhe parr of the cycle when
the rube is cur off, the p!ate potential
will rise to lhe level of E". W'hen the
griJ is positive, the plate current will
riSe to a maximum value. Any further
incf(.oasc in positive grid swing will nOt

increase the plate current. It can be seen
then that the minimum and maximum
values of instantaneous plate potemial
in tulx: 807 fire- hdd consmnt, producing
an outpUt wave which is squared off, top
and lxmom. :H Jefinite fixed potentials
and which is unafkcted by possible
vatiations in grid-swing amplitude. This
square wave of plate "olt:lge has a rep
etition rate equal !O that of the inpltt
signal, e1".

During rhe parr of the cycle when the
plate potential of tube 807 reaches its
peak value (En). capacitor C1 is charged
through diode d l of tube 6H6 to a
potential l'<Jual to En. \'(fhen the plate
potemial of rube S07 swings toward itS

• •
~==?'~.~tO~tO to........~

(lOS to 216 megacycles). The RF om
put from the doubler-amplifier stages,
together with the Output of the FM
signal generator under tCSt, are fed inco
a mixer stage. The difference frequency
produced by the mixer is then fed
through three Stages of 1F amplification
to the limiter smge. After the first stage
of IF amplifical ion, a signal is fed
through a c;llh(Xle follower stage to the
IF terminals for use in AM measure
ments.

The limiter stage SCIuares the top and
bottom of the signal wave. This S<Juatc
wave signal is then fed to the discrim
inator where it is convened to It single
uniform pulse of current for each cycle.
The curtent pulse rille follows the re
petition rate or frequency of the incom
ing signal.

A low-pass filter is connected across
the omput of the discriminarot to reo
move undesired signal fre<Jueney com
ponents and to allow the instantaneous
potentials to rise and fall with each dis
charge of a current pulse. The demodu
lated Output of the detector is a varying
unidirectional potential directly propor
tional to the IF frequency.

Operating Principles

At the request of several cuscomers
who had a need to perform similar
measurement of frequency deviation, rhe
Type 208-A FM tinear Detector 11as
been put into production and is now
available for sale.

The result of this projecr was an early
prototype unit, which over the years has
L<ndergone consram redesign and im
provement 10 become known as the
BRC Type 208-A FM Linear DeteclOr.
1ltese instruments have been in constam
use in our standards b.boracory and engi
neering and production departments
during this period, and arc currently
used co calibnne the Types 202-E and
202-F, FM-AM Signal GeneratOrs.

With the development of !he Type
202 FM Signal Generators in 1946,
there arose a need for a device for the
prccision measuremem of frequency
aeviation. Such a device would be re
<Juired 10 provide laboratory accuracy
und, at the same time, had 10 be simple
and com'enient for direct use on the
production line. A detailed survey of
available insuumentation revealed that
such an instrument was not available and
work was carried OUI at BRC on the
Jevdopmenr of this laboratOry 1001, con
currem with lhe developmem of the
FM Signal GeneratOr.

The basic circuit elements of the FM
Linear Detector arc shown in block
diagram form in Figure 2. The RF oscil
lalOr, doubler, amplifier-doubler, mixer,
and RF amplifier stages of the Linear
Detector arc conventional circuits rhat
operate to produce a signal usable for
detection purposes. Actual detection is
accomplished in the limiter and discrim
ina{()r circuits shown in simplified
schematic form in Figure 3. A type 6C4
triode, tuned uver a frequency range of
27 to $4 megacycles is used as an RF
oscillator. The output from rhe RF ascil
lawr is fed to a Oass C frequency
doubling stage roned to the second hat-

'--" monic of the oscillator frequency (54 to
lOS megagcyclcs) which drives a Class
C stage operaring as a frC<Juency dou
bling stage on the high frequency range
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1 F M  I FOLLOWER 
DOUBLER ‘ EXTCRNAL I CATHODE 

6 C 4  I 6AKS I GENERATOR 

lowest value, capacitor C1 discharges 
through diode d:! of tube 6H6 in series 
with its load, Ri. This action causes one 
pulse of current to flow through resistor 
R +  for each cycle of operation. 

The total charge taken by capacitor 
C1, once each cycle, is CE. ( A  small bias 
voltage in series with the charge diode dl  
effectively overcomes the contact potea- 
tial of both diodes dl  and da, therefore, 
the effect of this potential may be dis- 
counted ) The portion of this total 
charge which passes through diode da 
and resistor R i  of tube 6H6 i s  equal to 
the total charge ( CErl) minus the resid- 
ual charge ( Ce,,llnn) . 

With El< and ePllllll held constant, and 
the time constants of the charge and 
discharge circuits sufficiently small com- 
pared to the input wave period, the total 
quantity of current flowing through R,3 
during each cycle is constant. An in- 
crease in the repetition rate (frequency) 
of the incoming signal will increase the 
number of current pulses per unit of 
time, thereby increasing the average 
value of current flowing through R3. 
Conversely, a decrease io the reperition 
rate of the incoming signal will decrease 
the average current through R3. The 
average potential across R.3 then is a 
perfectly linear function of the fre- 
quency of the incoming signal and the 
dynamic operation of the detector will 
result in essentially distortionless detec- 
tion. 

I 

Calibration 

IF 
AMPLIFIER MIXER A MPLl Fl ER 

DOUBLER - 

The Linear Detector is accurately cali- 
brated at the factory to provide a voltage 
versus frequency deviation coefficient 
for frequency deviations up to k 3 0 0  kc 
at an intermediate frequency of 350 kc. 
However, it is advisable, because of com- 
ponent aging, to recalibrate the instru- 
ment periodically during normal use. 
Either of two methods, the Static 
Method or the Bessel Zero Method, may 
be used to accurately calibrate the Linear 
Detector. 

/ 

LIMITER IF IF - AMPLIFIER - AMPLIFIER - 

Static Method 

6 A 6 4  6AK5 

The Detector is interconneceed with 
an FM signal generator, a frequency 
calibrator, and an accurate DC measur- 
ing device. The generator is connected 
to the Detector’s RF INPUT terminals, 
the frequency calibrator is connected to 
the IF OUTPUT terminals, and the DC 
measuring device is connected to the 

8 07 
6AC7 6AC7 6AG7 

- 

qF OSCILLATOR c LOW-PASS 
FILTER ii 

Figure 2. Basic circuit elements of the Type 208-A FM Linear Detector, 

DEMOD OUT terminals. 
With the frequency dials on the signal 

generator and the Detector set to the 
same frequency, the DC measuring de- 
vice will read zero. Advancing the De- 
tector frequency dial to provide 100 kc 
difference frequency, as indicated by 
the frequency calibrator, will cause a 
voltage reading to be indicated by the 
DC measuring device. This reading is 
noted and the Detector frequency dial is 
advanced again until a 200 kc difference 
frequency is indicated by che frequency 
calibrator. The voltage reading at the 
DEMOD OUT terminals is again noted. 
This procedure is repeated at  each 100 
kc increment until a 1 megacycle signal 
is indicated by the frequency calibcator, 
the output voltage being recorded for 
each step. The voltage readings obtained 
are the n plotted on a graph with voltage 
as the “Y” axis and frequency as the 
“X” axis. The resultant curve will yield 
a straight-line section, whose upper and 
lower limits indicate the frequency 
points in the frequency spectrum be- 
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tween which linear operation of the 
Detector should be expected. With the 
DC voltage for these two frequency de- 
viations known, any deviation (within 
the linear limits) may be ascertained 
by using the frequency versus voltage 
co’efficient. 

Bessel Zero Method 

This method of calibration requires 
the use of a signal generator, an accurate 
10-kc audio signal source, and a hetero- 
dyne-type receiver containing a BFO. 
The RF output of the signal generator 
is connected to the receiver and the re- 
ceiver is tuned to the unmodulated 
carrier frequency of the generator to 
obtain a beat frequency of several hun- 
dred cycles, using the receiver’s BFO. 
This frequency is monitored with ear- 
phones or a voltmeter. With the signal 
generator modulation control set to pro- 
duce a 10-kc FM modulating signal, the 
FM deviation control is advanced slowly. 

L2 R4 L l  

‘J 

Figure 3.  Basic detector circuit. 
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tween which linear operation of the
Detector should ~ expected. \'(,Iith the
DC voltage for these twO frequency de
viations known, any deviation (within
lhe lint'ar limits) may be ascertained
by using the frequency versus voltage
cOefficient.

This methoo of calibration requires
the use of a signal generator, an accurate
lO·kc audio signal source, and a hetero·
dyne-type receiver containing a BFO.
The RF OUtpUt of the signal generator
is conneCted to the receiver and the reo
ceiver is tunt-'d to the unmoouJated
carrier frequency of the gener.ltOr to
obtain a beat frequency of several hun·
dred cycles. using rhe receiver's BFO.
This frequcncy is monitOred with t'ar
phones Ot a voltmcter. \X'ilh the signal
generatot moouJation control set to pro
duct' a lO-kc FM modulating signal, the
FM de\'iation control is advanced slowly.

Bcue! Zero Method

DEMOD OUT terminals.
\\fith the frequency dials on the signal

generator and the Dctecror set tl) the
same frequency, the DC measuring de
vice will read zero. Advancing the De·
tc(tor frequency dial to provide 100 kc
difference frC<juency, as indicated by
the frequency calibr:Hor. will cause a
voltage reading ro be indicated by the
DC meastlfing device. 1l1is reading is
nOlt'!l and the Delecror frequency dial is
advanced again until a 200 kc difference
frequency is indicated by rhe fre<Juency
calibrator. The voltage reading at the
DEMOO OUT terminals is again nored.
This procedtlfe is repeated at each laO
kc increment until a I megacycle signal
is indicated by the fre<Jl1Cncy calibrator,
the Olltpur voltage being recorded for
each step. The voltage readings obtained
are the n plotled on a graph with volta;;e
as the "y .. axis anu frequency as the
"X" axis. The resultanl curve will yield
a straight-line seuion. whOSe upper and
lower limits indicate the fn..'quency
points in the freqUCllCy spet:tmm be·
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The Linear Dctector is accurarely cali
brated at the hctory to provide a voltage
versus frequency deviarion coefficient
for frequency devbtions up ro ±300 kc
at an intermediate fr{'<juency of 350 kc.
However, it is advis.1ble, because of com
ponent aging, 10 reGllibrate the instru
ment (X"tiodically during normal use.
Either of tWO methods, the Static
Method ()r rhe Bessel Zero Methoo, may
be lIsed 10 accurately calibrate the Linear
De[(.'ctOr.

Cglibrgtion

lowes! value. capacitor C, discharges
through diode d~ of tube 6H6 in series
with its load. R:1. This anion causes one
pulse of current to flow through resistor
Ra for each cycle of operation.

The total charge taken by capacitor
C\. once each cycle, is CEo (A small bias
\'ohage in series with the charge diode d1

effenively overcomes the coman poten
ri:1.l ()f bmh diodes d1 and d~, therefore,
the effen of this potential may be dis
connted.) The portion of this toral
charge which pa.'iSes through diode d~

and n::sisror R:, of rube 6H6 is C<jual ro
rhe roral charge (CEll) minus the resid·
llal cllarBe (u,,,,,,,,).

\\fieh Ell and e"",I" held conStant, and
the time consmms of rhe charge and
discharge circuits sufficiently small com
pared to the input wave perioo, the total
quanriry of current flowinB through R'1
durin;!; each cycle is COnStant. An in·
crease in the repetition rate (frequency)
of tht· incomin,g signal will increase the
number of current pulses per unit of
time, thereby increasing the average
value of current flowing through R:,.
Conversely, a decrease in the repetition
rate of rhe incoming signal will decrease
the aver;tge current through R:\. The
;tverage potenti;11 across R:1 then is a
perfectly linear funcrion of the fre·
guency of the incoming signal and the
dynamic operation of the detecror will
result in essentially distortion less detec·
tion.

The Detector is interconnected with
an FM signal generator, a frequency
calibrator, and an accuralC OC measur·
ing d{-vice. The !>t'nerator is connected
to the Den'nor's RF INPUT terminals,
the frequency calibratOr is connected to
the IF OUTPUT terminals, and lhe DC
11l<.':lsurins device is connened to the

•
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The beat frequency will disappear at 
certain points as the deviation is in- - creased. These null points correspond 
to specific modulation indices, the first 
several being: 2.405, 5.520, 8.654, 
11.792, and 14.931. Frequency deviation 
values at these null points are then cal- 
culated using the Bessel funct-ion as 
follows: 

AF B = -  
f 

Where: B = modulation index 
F = frequency deviation (kc)  
f z modulating frequency (kc) 

After the first null is detected, the 
receiver is disconnected and the genera- 
tor signal is fed to the RF INPUT ter- 
minals on the Linear Detector. The De- 
tector is tuned to 350 kc IF frequency 
deviation to insure operation within the 
linear region. A peak-reading AC volt- 
meter connected to the DEMOD OUT 
terminals on the Detector will indicate 
the voltage output for the deviation cal- 
culated for the first null. The procedure 
is repeated for each null point, and the 
voltage output obtained for each calcu- 
lated frequency deviation is recorded. 
These voltages are then plotted against 
frequency deviation to produce a curve 

I 
-1- . 

Figure 4. Connections for percent AM measure- 
ment showing trapezoidal display. 

whose straight-line pottion again in- 
dicates the linear limits of the Detector. 

Application 

The FM Linear Detector, as was pre- 
viously explained, has been designed 
especially for the measurement of FM 
frequency deviation. With the instru- 
ment calibrated as explained above, its 
frequency deviation versus voltage out- 
put coefficient is known. Measuring 
frequency deviation becomes merely a 
matter of multiplying the voltage output 
reading at the DEMOD OUT terminals 
of rhe Detector (produced as a result 
of the FM signal fed into the Detector) 
by the frequency deviation versus volt- 
age coefficient. 

The Detector may also be used to 
measure the degree of amplitude modu- 
lation of a signal source. For this meas- 
urement, an external signal source is 
mixed with a signal produced by the 
Detector to provide a difference fre- 
quency of approximately 100 to 150 kc 
at the Detector’s IF OUTPUT terminals. 
This difference frequency is then dis- 
played on an oscilloscope as a trape- 
zoidal pattern, similar to the trapezoidal 
pattern shown in Figure 4. The lengths 
of the vertical sides of the pattern ( A  
and B) are then applied to the follow- 
ing equation to indicate the percentage 
of amplitude modulation. 

A - B  Percent AM = - A + B loo 

Conclusion 

The Type 208-A FM Linear Detector 
is a precision instrument capable of per- 
forming accurate FM and AM measure- 
ments in the engineering laboratory or 
on the production line. It will doubt- 
less become a valuable aid to those cus- 
tomers who have measurement problems 
of this nature. 

BRC Film Gauge Used To Measure 
Aircraft Organic Finish Thickness 

The Glenn 1. Martin Company Reports On a New Method Approved by The Navy 

At the request of the Bureau of Aero- 
nautics, The Glenn L. Martin Company 
of Baltimore, Maryland recently pre- 
pared a report entitled, “A New Method 
for Measuring Aircraft Organic Finish 
Thickness,” which describes a new 
method employing the Boonton Radio 
Corporation Type 255-A Film Gauge. 

The Film Gauge was introduced to 
The Martin Company by BRC as a 
means for measuring thickness of 
metallic plating finishes over nonferrous 
metal surfaces and its principle of opera- 
tion was later proposed as a means for 
measuring aircraft organic finish thick- 
ness. The Martin Company subsequently 
conducted a research program to test 
the suitability of the Film Gauge for 

i/ 

this purpose. 

Many finishes were tested by The 
Martin Company to find a correlation 
and mode of operation which would 
prove that practical measurements could 
be made with the Film Gauge. A cor- 
relation was found, preliminary calibra- 
tions were performed to confirm it, and 
a report proposing the new method was 
issued by The Martin Quality Division 
Laboratory. This report was later sub- 
mitted to the Bureau of Aerohautics 
who gave tentative approval of the 
method. The method was then evaluated 
by the Naval Air Material Center Labo- 
ratory. Results of this evaluation con- 
curred wih Martin’s and full acceptance 
of the method was published in a report 

from Naval Air Material Center. 

The report prepared by The Martin 
Company at the request of the Bureau 
of Aeronautics was prepared by Nor- 
man R. Keegan, Chemical-Physical Engi- 
neer. In his report Mr. Keegan describes 
in detail the methods used in determin- 
ing the accuracy of the Film Gauge for 
this specific application. Step-by-step 
procedures are given for operation of 
the Film Gauge for finish thickness in- 
spection, and special instructions are 
included for specific applications. 

The Martin Report has been reprinted 
by Boonton Radio Corporation for dis- 
tribution to interested customers. Copies 
will be furnished upon request. 
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The beat frequency will disappe3r al
cerrain points as Ihe deviation is in·
crc.-uro These null points correspond
10 specific modulation indices, the fiTS[
Sl'\'eral being: 2.405, 5.520, 8654.
11.792, and 14.93 L Frequency deviation
\·.tlue!i :It these null poinlS are Ihen cal·
cubtoo using the Bessel funCiion lIS
follows;

OF
B=-,

\'(Ihere: B = modulation index
F = frequency deviation (kc)
f = moclubting frequency (kc)

After the first null is defCCtl:d, the
receiver is disconneCted and the genera
tor signal is fc..J to the RF INPUT ter
minals on the Linear Detector. ·Inc De
tCClllr is runed to no kc IF frequency
devialion to insure oper:llion within the
linen region. A peak-reading AC volt·
meter connecled 10 the DEMOD OUT
terminals on Ihe Detector will indiClte
Ihe voltage OUlput for the deviation cal·
culated for Ihe finl null. The procedure
is repealed for each null point. and Ihe
\'ohage OUtpul oIxained for each calcu·
bled frequency deviation is recorded.
These vohagcs are lhen plotled againsl
frequency deviation 10 produce a curve

fiV"'" 4. COlO ';"... I", p",...., ANI m""....._
m ' obowi..V ""p",oidof eli.play.

whose stt:1ight·Jine portion again in·
dicates the linear limits of the Detcctor.

Application

The FM Linear DetectOr, as was pre
viously cxpbincd, has been designed
especially for the measurement of FM
frequency deviation. \'(lith the insuu·
mem calibrllred as explained above, its
frequency deviation versus voltage Out·
put coefficient is known. Measuring
frequency devialion becomes merely a
mailer of multiplying Ihe vollage OUtput
reading aI the DEMOD OUT terminals
of the Detector (produced lIS a rC!$ull
of the FM sign3.1 fed intO the Delector)
by Ihe frequency deviation venus Voll'
age coefficiem.

Tht' Detector may also be used to
measure the degree of amplitude modu·
Iation of a signal SOllect'. For Ihis meas·
urement, an eXlernal signal source is
mixed wilh II signal produced by Ihe
De{('("lor to provide a differCflce fre·
quency of approximately 100 to 150 kc
at Ihe De,CC{o,·s IF OUTPUT terminals.
This difference frequency is then dis
played on an oscilloscope as a tnpe'
l:oidal paHern, similar to the rrapezoidal
pattern shown in Figure 4. The lengths
of the veniCiI sides of ,he pattern (A
and B) arc {hen applied 10 rhe follow·
ing equation to indiCite the percemage
of amplilUde modulation.

A-B
Percent AM = A + B x 100

Conclusion

The Type 208-A FM Linear Delector
is a precision instrument capable of per
forming aCCUnte FM and AM measure
mems in the Cflgineering laboratOry or
on the produCtion line. It will dooht
less become a valuable aid to those cus·
tomers who have measurement problems
of this nalure.

BRC Film Gauge Used To Measure
Aircraft Organic Finish Thickness

The Glenn L. Martin Compony Reports On a New Method Approved by The Navy

A{ {he request of the Bureau of Aero
nautics, The Glenn L Manin Company
of Baltimore, Maryland ro:ently pre·
pared a report entilled, ··A New Method
for Measuring Airenft Organic Finish
Thickness,·· which describes a new
medlOd employing the Boomon Radio
Corpontion Type 255-A Film Gauge.

The Film Gauge WllS introduced [0

The Manin Company by BRC lIS a
means for measuring Ihickness of
ffiCrnlJic plaling finishes over nonferrous
metal surfaces and irs principle of opet:!.·
tion was later proposed as a means for
measuring aircraft organic finish {hick·
ness. The Martin Company subsequently
conducted a research program 10 tes!
the suirnbili!y of the Film Gauge for

this purpose.

Many finishes were tested by The
Martin Company [0 find a correlation
and mode of opet1ltion which would
prove Ihat practical measuremenlS could
be made with the Film Gaust'. A cor
relation W;lS found, preliminary calibra
lions were performed to confirm it, and
a report proposing the new mtthod was
issued by The Matlin Quality Division
Laboralory. This report wa.s later sub
miued 10 the Bureau of Aeronautics
who ga~'e lentative approval of the
method. The method was lhen e~luated

by the Naval Air Material Center labo
ratory. RCS1J1ts of [his ('valuation con
curred wih Manin·s and full acceptance
of {he melhod was published in a report

7

from Naval Air Material CeOler.

The repon prepared by The Martin
Company at Ihe request of Ihe Bureau
of Aeronaulics was prepared by Nor
man R_ Keegan, Chemical-PhysiClI Engi
neer. In his reporr Mr. Keegan describes
in detail the methods used in dClermin·
ing {he accuracy of lhe Film Gauge for
this soccific application. Step-by-slep
procedures are given for operation of
the Film Gauge for finish thickness in
speclion, and special instruCtions are
included for specific applications.

The Martin Report has been reprinted
by BoontOn Radio Corpornlion for dis·
Hibmion 10 interested CUSlOmers. Copies
will be: furnished upon request.
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EDITORS NOTE 
BRC Promotions Announced 

The appointments of Mr. Frank G. 
Marble as Vice President and General 
Manager and Mr. Harry J. Lang as Sales 
Manager effective July 1st were an- 
nounced by Dr. George A. Downs- 
brough, President of Boonton Radio 
Corporation. 

Mr. Marble, formerly Vice President- 
Sales at  BRC, succeeds Dr. Downs- 
brough as General Manager. Dr. Downs- 

Frank G. Marb le  

brough will continue as President, 
Treasurer, and a Director. 

Mr. Marble has been associated with 
Boonton Radio Corporation since 195 1. 
He served as Sales Manager until 1954 
when he was appointed Vice President- 
Sales. 

Prior to his associaion with BRC, 
Mr. Marble’s career covered a broad 
field of engineering experience. He  held 
design and development posts for seven 
years with Philco Radio and Television 
Corporation and Western Electric’s elec- 
trical research division. Later, he served 
in engineering administrative positions 
with Bell Telephone Laboratories and 
Pratt and Whitney Aircraft Corporation. 
During the three-year period just pre- 
ceding his association with BRC, Mr. 
Marble served as Sales Manager for Kay 
Electric Company. 

In 1934 Mr. Marble received his BS 
degree in Electrical Engineering from 
Mississippi State College. He  earned 
his MS in Electrical Engineering from 
the Massachusetts Institute of Tech- 
nology in 1935. 

Mr. Lang joined Boonton Radio Cor- 
poration in 1949 as a production engi- 
neer and successively served as project 
engineer, contracts engineer, and sales 
engineer. In 1954 he left BRC to study 
for his master’s in Business Administra- 
tion at the Harvard Business School. 

Before returning to BRC, Mr. Lang 
served as sales engineer in charge of 

sales for the newly-formed Industrial ~-,.- 

Products Department of Airborne In- 

Mr. Lang received his BS degree in 
Electrical Engineering from the Mas- 
sachusetts Institute of Technology in 
1949. During his studies there, he was 
an engineering trainee at Western Elec- 
tric Co., New Jersey Bell Telephone 
Co., and Bell Telephone Laboratories. 

From 1945 to 1946 he was a junior 
engineering officer with the U. S. Mer- 
chant Marine. 

struments Laboratory. Ll 

Harry  J. Lang 
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EDITOR'S NOTE
BRC Promotions Announced

The appoinunents of Mr. Frank G.
Marble as Vice President and General
Manlger ~d Mr. Harry J. Lang as Sales
Mall2ger effective July IS( were lin·
nounc~ by Dr. Geotge A. Downs
brough, President of Boonton Radio
Corporation.

Mr. Marble, formerly Vice Presidenr
Sales ar BRC, succeeds Dr. Downs
brough as General Manager. Dr. Downs·

brough will continue as President,
Tr~er. and a Direcr:or.

Mr. Marble h2s been associar~ with
BoontOn Radio Corporation since 1951.
He served as Sales Manager umil 1954
when he was appointed Vice Presidem
S,h

Prior to his associllion with BRC,
Mr. Marble's career covtred a broad
field of engineering experience. He held
design and development posrs for seven
years wirh Philco Radio and Television
Corporarion and \Vestern Electric's elec·
trical research division. Larer, he served
in engineering administrative positions
with Bell Telephone laboratOries and
Pratt and Whitney Aircrafl Corporation.
During the three·yellr pcriod JUSl pre·
ceding his association with BRC, Mr.
Marble served as Sales Manager for Kay
Electric Company.

In 1934 Mr. Marble received his BS
degree in Electrical Enginecoring from
Mississippi State College. He earned
his MS in E1eclrical Engineering from
the Massachusetts InStitute of Tecb
nology in 1935.

Mr. ung joined Boonton Radio Cor
poration in 1949 as a production engi
neer and successively served as project
engineer, comracts engineer, and sales
engineer. In 1954 he left BRC to srudy
for his masler's in Business Administra
tion at the Harvard Dusin~ School.

Before remrning ro ORC, Mr. Lang
served as sales engineer in charge of

sales for the newly-fonned Industrial
Products Departrnt'nt of Airborne In-
strumentS laboratory. ...........

Mr. lang received his BS degree in
Electrical Engineering from Ihe Mas
sachusettS Institute of Technology in
1949. During his studies there. he was
an engin~ing uainer: al Western Elec
tric Co., New Jersey Bell Telephone
Co., and Bell Telephone Laboratories.

From 1945 to 1946 he was a junior
engin~ring officer with the U. S. Mer·
chant Marine.
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A Crystal-Controlled FM Signal Center 
CHARLES G. GORSS, Development Engilzeer 

Figure 1. 
models of the TYPE 242-A FM Signal Generators. 

The author i s  shown final checking the RF tuning unit on o n e  of the first production 

A New Concept 

As communications systems get more 
precise and complicated, the demands 
placed upon the design of equipment 
required to test and calibrate these sys- 
tems become more severe. One soon 
finds that the old standby signal gen- 
erator no longer will do the job. Old 
concepts of high-frequency accuracy 
and stability are inadequate in systems 
crammed one next to the other, where 

YOU VVlLL FIND . . . 
The RX Meter or the Q Meter? . . . . . . . 5 

Use of Markers on Sweep Signal 
Generator Type 240-A . .. .. . . .... . 7 

Editor's ,Note . . . . . . . . . . . . . . . . . . . . . . 8 

each channel carries several subcarriers, 
and each subcarrier in turn carries its 
own information. In addition, with tech- 
nical pursuits being carried on from pole 
to pole; in the arctic cold, the desert heat, 
the destructive humidity of the jungle, 
and the thin air of the higher altitudes; 
the signal generator must now be de- 
signed to perform in environments 
strangely different than the cozy labora- 
tory or factory. The signal generator de- 
scribed in this article employs design 
techniques which meet the challenge of 
these stringent modern requirements. 

Design Considerations 

First of all, the signal generator under 
consideration must be crystal controlled 
or stabilized with an accuracy in the 
.order of 0.002 per cent. This is a typical 
long-term accuracy figure for a crystal 

oscillator. Since many changes of fre- 
quency may be required in the set up of 
multichannel systems, the test frequen- 
cies must be selected quickly and easily. 
Even though frequency control by crys- 
tals implies a finite number of channels, 
provision must be made for easy selec- 
tion of between-channel frequencies for 
bandwidth determination and for the 
selection of off-beat frequencies. Fre- 
quencies so selected should also be rea- 
sonably accurate and stable. The gen- 
erator should be frequency modulated 
and feature a wide deviation range (in 
the order of 300 KC) with little distor- 
tion. In addition, an optional compressor 
should be provided so that large changes 
in input modulation, caused by adding 
several subcarriers at one time, does not 
result in over modulation. The com- 
pressor should not increase distortion 
appreciably. Besides handling a wide 
range of external modulating frequen- 
cies, the generator should provide at 
least two different internal modulation 
frequencies, so that simple tests can be 
performed with no extra input equip- 
ment. Last but by no means least, the 
instrument must be rugged in design 
and must be able to survive not only 
wherever man can survive, but a few 
places where he cannot survive for long. 

Design Techniques 

Selection of I MC Frequencies 
A frequency selection system employ- 

ing two I dials (Figure 2 )  was chosen 
to cover the range of frequencies from 
400 to 550 MC in one megacycle steps. 
The dials are mounted side-by-side near- 
ly touching each other. The first two 
digits are on the left-hand dial and 
range from 40 to 5 5  in 16 steps. The 
right-hand dial carries the last digit 
ranging from 0 to 9 in 10 steps. Every 
whole number from 400 to 550 can be 
selected by rotating both dials and hori- 
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each dlannel carries several subcarriers,
and each suocarrier in rurn carries its
own informacion. In addition, with tech
nical pursuits being carried on from pole
to poll'; in lhe arGic cold, the descrc heal,
the demuctivc humidiry of lhe jungle,
and the thin air of the higher altitudes;
the signal generaror must now be de
si!;ned to perform in environments
strangely different than the cozy labora
tory or factOry. The signal generator de
scribed in this article employs design
techniques which mcct the challenge of
these stringem modern rc<:juiremems.

Design Considerations

First of all, the signal generatOr under
consideration must be crystal corHrolled
or stabilized wirh an accuracy in the
.order of 0.002 per cem. This is a typical
long-term accuracy figure for a crystal

oscillator, Since many changes of fre
queney may be rc<:juired in the set up of
multichannel systems, the test frc<:juen
cies must be selected quickly and easily.
Even though frequency control by crys
tals implies a finite number of channels,
provision must be 1'01lde for easy selec
tion of between-channel frc<:juencies for
bandwidth determination and for the
selection of off-beat frequencies. Fre
quencies so selened should also be rea
sonably accurate and stable. The gen
erator should be frequency modulated
and feature a wide deviation range (in
the order of 300 KC) with little distor,
cion. In addition, an optional compressor
should be provided so that large changes
in input modularion, caused by adding
several suociluiers at one time, docs nor
result in over modulation. The com
pressor should not increase distOrtion
appreciably. Besides handling il wide
range of external modulating frequen
cies, the generator should provide at
least tWO different internal modulation
frequencies, so thar simple testS can be
performed wirh no extra inpm c<:juip
ment. Lasr but by no means least, the
instrument must be rugged in design
and must be able to survive nor only
wherever man can survive, bue a few
places where he cannOt sutvive for long.

Design Techniques

Selection of 1 Me Frequencies

A frequency selenion system employ
ing twO dials (Figure 2) WM chosen
to cover [he ronge of frequencies from
400 to 550 Me in one lnegacycle steps.
Tht' dials are moumed side-by-side near
ly touching each Olher. The first twO

digitS are on the ldr-hand dial and
range from 40 to 55 in 16 steps. The
right-hand dial carries the last digit
ranging from 0 ro 9 in 10 steps. Every
whole number from 400 to 5S0 can be
sdt:eted by rotating both dials and hori-
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zontally aligning the three digits. The 
dials are masked so that only the num- 
bers in use are clearly seen. However, 
adjacent numbers, visable through a 
colored transparent portion of the mask, 
serve to indicate whether dial rotation 
is toward the high or low end of the 
range. Detents are provided on each dial 
to index each selected digit in proper 
alignment. 

Each dial is mechanically connected 
to the selector switch in a crystal oscil- 
lator which in turn electrically selects 
the proper crystal as the dial is indexed. 
The outputs of the two crystal oscillators 
are added together in a mixer which is 
designed to minimize spurious signals. 
This sum is then doubled twice and the 
resulting quadrupled product is added 
in another mixer to the output of a 
fixed-frequency oscillator which can be 
frequently modulated. If this oscillator 
output is frequency modulated, the sum 
frequency will reflect the same amount 
of modulation. The output of this mixer 
is doubled twice more to produce the 
final frequency which has four times 
the frequency modulation originally 
present. 

Since each step of the left-hand dial 
spans 10 MC and each step of the 
right-hand dial spans only 1 MC, the 
increments (in actual crystal frequen- 
cies.) in the left-hand or tens oscillator 
are 10 times the increments in the right- 
hand or units oscillator. There are 16 
crystals in the tens oscillator spaced 
1/16 of 10 MC apart, and 10 crystals 
in the units oscillator spaced 1/16 of 
1 MC apart. The 1/16 spacing is a 
direct result of the fact that the fre- 
quency is multiplied 16 times between 
the oscillators and the output. The actual 
frequency ranges through the system 
are shown in figure 3. 

There are several tuned stages through 
the chain of doubling and mixing, all 
of which must be tracked with fre- 
quency. A variable capacitor drive using 
a unique two-speed differential gearing 

system has been efiployed for this pur: 
pose. Input frdm either the tens shaft 
or the units;skiaft will turn the tuning 
capacitor shgft. One step on each shaft 
is originally the same angular displace- 
ment. However, the angular rotation of 
the variable capacitor caused by one 
step of the tens shaft is ten times the 
angular rotation of the variable capacitor 
caused by one step of the units shaft. 
The drive from the two dials to the 
differential is accomplished by two very 
low-backlash belt-drive systems using 
beryllium copper belts and spring-loaded 
phosphor bronze antibacklash cables. The 
differential system itself and all associ- 
ated gears are also spring loaded to 
prevent backlash and assure optimum 
tracking. 

Selection of 
lnbetween Frequencies 

The combination of switching and 
capacitor-drive mechanisms allows selec- 
tion of each even megacycle from 400 
to 550, but an additional device is re- 
quired to provide selection of all of 

Figure 2. Frequency selection dials on the 
Type 242-A FM Signal Generator. 

the inbetween frequencies. This is ac- 
complished through the use of a highly 
stable “Clapp” type variable frequency 
oscillator which is coupled to the units 
oscillator dial by means of another beryl- 
lium copper belt system. The oscillator 
produces the same frequencies which the 
units crystal oscillator produces at any 
given dial setting and tracks right along 
with the units crystal oscillator. An in- 
ternal beat detector coupled to the out- 
put monitor meter allows the user to 
bring the VFO into exact zero beat with 
the crystal oscillator by tuning a trimmer 
in the VFO circuit. Normally the crystal 
oscillator is coupled to the first mixer, 
but a panel switch allows the VFO to 
be substituted. A clutch connected to 
this switch shaft disconnects the normal 
switch detent and substitutes a stop de- 
vice which permits l MC rotation either 
side of the point of crystal calibration. 
The smooth curve of the VFO capacitor 
and the direct calibration with the crys- 
tal oscillator at a near frequency com- 

bine to give a relatively high degree of 
accuracy to all frequencies selected by 
the VFO. d 

Frequency Mixing 

The general subject of mixing in an 
FM signal generator could well be the 
subject for an entire article but a brief 
,explanation of the problem is certainly 
worth outlining here. The two inputs 
to the first mixer are in the general 
ranges of 3.5 to 4 MC and 10 to 18 
MC, and it is entirely possible that 
harmonics of the 3.5 to 4 MC input 
might lie close to the desired sum out- 
put which ranges from roughly 13 to 
22 MC. Should this harmonic be present 
in the plate circuit of the mixer which 
would be tuned to the sum, and should 
it be perhaps within 100 KC of the 
sum, it is entirely possible that this 
harmonic would not be far enough off 
the sum to be rejected. The unfortunate 
result is the familiar sum of two vectors 
whose frequencies differ somewhat; i.e., 
an amplitude-modulated wave whose 
phase is advancing and retarding at the 
difference frequency (Figure 4 ) .  This 
shifting phase can be considered as phase 
modulation which at a given modulating 
frequency can also be considered as fre- 
quency modulation. 

The amplitude modulation is not very 
alarming because it can be removed by 
limiting. Frequency modulation, on the 
other hand, is not easily erased and be- 
comes a problem in an FM signal gen- 
erator because extra modulating signals, 
which have no relationship to the de- 
sired modulation signal, are undesirable. 
Since erasing is difficult, the best way 
te avoid this unwanted modulation is to 
avoid the circuit conditions that cause it. 

First of all the frequencies must be 
selected which will produce an absolute 
minimum of possible harmonics ap- 
proaching the sum frequencies. This 
may however leave some possible trouble 
situations even after the best possible 
choice of frequencies. 

Next, make sure that the lower fre- 
quency input is as‘ pure as it can be. 
A low-pass filter cutting off sharply 
above 4 MC proved to be a very ef- 
fective way of accomplishirfg this. Since 
even a very clean signal can be distorted 
in the mixer, it is very important that 
the lower frequency be introduced on 
the grid or element whose transfer char- 
acteristic is the straightest. The signal 
level of the Iower input should also be 
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zomally aligning the three digits. The
dials are masked so that only tht' num
bers in use are dearly seen. However,
adjacent numbers, visablt: through a
colored transparent portion of the mask,
serve to indicate whether dial rotation
is toward the high or low end of the
range. Detenrs arc provided on each dial
to index each selected digit in proper
alignmem.

Each dial is mechanically conne<:ted
to the selecwr swiech in a crystal oscil
larot which in turn electrically selects
the proper crystal as the dial is indexed.
The outputs of rhe two crystal oscillators
are added together in a mixer which is
designed to minimize spurious signals.
This sum is then doubled twice aod tht:
resulting quadrupled prcxluct is added
in another mixer to the Output of a
fixed-frC'quency oscil!awr whidl can be
frcqucmly modulated. If this oscillator
Output is frequency modulaced, the sum
fre<juem;y will reflect the same amoum
of mcxlulation. The ourpuc of this mixer
is doubled cwice more to produce the
final fre<juency which has four times
the frequency modulation originally
present.

Since each step of the left-hand dial
spans 10 MC and each step of the
right-hand dial spans only I Me, the
incrementS (in actual crystal fre<juen
des.) in the left-hand or tens osciJlator
are 10 times the increments in the rigbt
hand or units oscillator. There are 16
crystals in the tens oscillatOr spaced
1/ 16 of 10 MC apart, lllld 10 crystals
in the units oscillator spaced 1/16 of
I MC apart. The 1/16 spacing is a
direct result of the fact that the fre
quency is multiplied 16 times becween
the oscillators and the OUtput. TIle aerual
frequency ranges through the system
are shown in figure 3.

There arc several cuned Stages through
the chain of doubling and mixing, all
of which must be cracked with fre·
quency. A variable capacitor drive using
a unique two-spt.-e<I differential gearing

system has been e.mployed for this pur·
pose. Input from either the tens shaft
or che units(sliaft will rum the tuniug
capacitOr shaft. One step on each shaft
is originally the same angular displace
ment. However, the angular rOtation of
the variable capacitor caused by one
step of che tens shaft is ten times the
angular rotation of the variable capacitor
caused by onc step of the units shaft.
The drive from the two dials to the
differemial is accomplished by cwo very
10w-~lCkJash helt-drive systems llsing
beryllium copper belts and spring-loaded
phosphor bronze antibacklash cables. The
differential system itself and all associ·
ated gears are also spring loaded to
prevent backlash and assure optimum
[facking.

Selecfion of
Inbetween Frequencies

11le combination of switching and
capacitor-drive mechanisms allows selec
tion of each even megacycle from 400
to 550, but an additional device is re
quired to provide selection of all of

Figu,o 2. F...."ue"cy .oele.rj,," Ji,,', "" r~e

Typot 242_A foM Sig",,1 Gener"t",.

the inbetwcen frequencies. This is ac
complished through the use of a highly
stable ··Clapp·' type variable frequency
oscillator which is coupled to the units
oscillator dial by means of another beryl
lium copper belt system. The oscillator
produces the same frequencies which the
units crystal oscillator produces at any
given dial sening and tracks right along
with rhe units crystal osciJJator. An in
temal beat detector coupled co the OUt
put monitor meter allows the user to

bring the VFO into exaCt zero bear with
the crystal oscillatOr by tuning a trimmer
in the VFO circuit. NormaJJy the crystal
osciJ/aror is coupled ro the first mixer,
but a panel switch allows the VFO to
be substituted. A clutch connected to
this switch shaft disconnects the normal
switch detent and substitutes a Stop de
vice which petmits 1 MC rotation either
side of the point of crystal calibration.
lbe smooth curve of the VFO capacitOr
and the direct calibration with the crys
tal oscillator at a near frequency com-
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hine to give a relatively high degree of
accuracy to all fre<juencies selected by
the VFO.

Frequency Mixing

The general subject of mixing in an
FM signal generatOr could well be the
subject for an eorire article but a brief
.t:xplanation of the problem is certainly
worth outlining here. The tWO inputs
to the first mixer are in the general
ranges of 35 to 4 MC and 10 [Q 18
Me, and it is eorirely possible that
harmonics of the 35 [Q 4 MC input
might lie dose to the desired sum out
put which ranges from roughly 13 to
22 MC Should this harmonic be present
in rhe plate circuit of the mixer which
would be runed '£0 the sum, and should
it be perhaps within 100 KC of the
sum, it is entirely possible that this
harmonic would not be far enough off
the swn to be reje<:red. The unfortunate
resulr is the familiar sum of twO vectors
whose frequencies differ somewhat; i.e.,
an amplirude-modulated wave whose
phase is advancing and retarding at the
difference frequency (Figure 4). This
shifting phase can be considered as phase
modulation which at a given modulating
frequency can also be considered as fre
quency modulation.

The amplitude modulation is not very
alarming because it can be removed by
limiting. Fre<juency mcxlulation, on lhe
other hand, is not easily erased and be
comes a problem in an FM signal gen
erator because extra modulating signals,
which have no relationship to the de
sired mcxlulation signal, are undesirable.
Since cmsing is difficult, the best way
to avoid lhis unwanted mcxlularion is to
avoid the circuic conditions that cause it.

First of all the fre<juencies mUSI be
selected which will produce an absolute
minimum of possible harmonics ap
proaChing the sum ftequencies. This
mayhoweverleave some possible trouble
situations even after the best possible
choice of frequencies.

Next, make sure that rhe lower fre
quency input is as' pure as it can be.
A low_pass filter cuning off sharply
above .<I MC proved to be a very ef
feceive way of accompJishirfg this. Since
t:ven a very d~an signal can be distortt:d
in the mixer, it is very imporrnm tb'1t
the lower frequency be introduced on
the grid or element whose transfer char
acteristic is the straightest The signal
level of the lower input should also be
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kept as low as possible and the element 
should be so biased that the total swing 
takes place on the most linear portion 
of the transfer characteristic. It was 
found desirable to use a GAS6 tube as 
a mixer with the 3.5 to 4 MC signal 
fed into grid number 1 and the higher 
frequency fed into grid number 3. While 
this is not the most efficient operation 
(with only $5 volt on grid number 1) 
it does greatly reduce the distortion of 
the signal on grid number 1. Any re- 
sulting harmonic content can be addi- 
tionally reduced (if the tuning is accu- 
rate enough) by tuning the plate of the 
GAS6 to the sum and following this 
stage with another sharply tuned stage. 
In fact, it is necessary to tune these 
stages for minimum spurious PM in the 
final set-up procedure. 

Carefully following the above prin- 
ciples results in a minimum of spurious 
FM. Ignoring these facts would easily 
result in 100 KC or more spurious FM 
deviation in the output. 

._ 

Frequency Doubling 

The need for doubling to frequencies 
up to 550 MC with a minimum of har- 
monic production and a maximum of 
power production led to the use of a 
fairly interesting technique. Electron 
tubes are not suitable for this purpose 
because they produce a fairly strong 
string of higher harmonics with little 
energy where it is wanted. Theoretically 
the commonly used full-wave rectifier 
circuit, operating from a center-tapped 
transformer, is ideally suited as a doubler 
because it produces a great amount of 
second-harmonic voltage in its output 
and very little of anything else. In fact, 
it produces almost half of the voltage 
at the second harmonic as is put into 
it at the fundamental frequency. The 
problem however is to set up these ideal 
conditions at UHF frequencies. 

First of ail, the impedance of these 
balanced transformer secondaries must 
be kept low to avoid unwanted reson- 
ances and capacitive shunting. In prac- 
tice the untuned balanced secondary is 
mounted on the grounded end of the 
tuned primary winding. Each half of 
the winding is approximately a single 
turn, with the center tap slightly off 
center to compensate for the fact that 
one turn is cioser to the primary. 

The Transitron type T-6 diode proved 
to be very desirabie for this use. It has 
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Figure 3. System for providing Type 242-A output frequencies. 

a very high forward conductance and 
apparently switches rapidly enough. The 
forward conductance is important be- 
cause these doublers must drive the 
cathode of a grounded-grid amplifier 
which does not present much more than 
100 ohms resistance. Diodes which are 
normally useful to much higher fre- 
quencies were not useful in this case 
because of their poorer forward con- 
ductance and a resulting high internal 
loss. 

The output of the doubier circuit is 
capacitiveiy coupled to the cathode of 
the following grounded-grid sta$e and 
the diodes are allowed to develop their 
own DC bias in a load resistor on their 
side of the coupling capacitor. A choke 
in series with the DC load prevents 
loading of the RF circuit. Bias is ad- 
justed to a compromise optimum value. 
The diodes must be allowed to conduct 
enough current to insure a low forward 
conductance, but must not be allowed 
to conduct so much current that the 
barrier capacitance is greatly increased 
and the switching rate slowed down. 

Amplifiers 

All of the lower frequency amplifying 
stages are fairly conventional plate-tuned 
6AK5 stages, but from 200 MC up, the 
6AN4 tube has been employed in a 
grounded-grid configuration. These 
grounded-grid stages are somewhat 
unique in that they are series tuned in 
the plate circuit. This takes the form 
of a few turns of wire from the plate 
connected in series with a tuning capa- 
citor to ground. This type of tuning in- 
creased the highest frequency attainable 
from a given tuning capacitor by sep- 
arating the plate capacitance of the 

OUTPUT 

tube from the minimum capacitance of 
the capacitor by means of a coil con- 
nected between them. The tank can be 
tuned almost up to the frequency where 
the minimum value of the variable cap- 
acitor aione resonates with the tank coil. 
However, the lowest frequency obtain- 
able is limited by the condition where 
the variable capacitor reaches infinity 
and becomes a short, causing the plate 
capacitance to resonate with the tank 
coil. This puts two very rigid limits on 
the tuning range and calls for an un- 
usual shape plate for the tuning capac- 
itor. Since the minimum capacitance of 
the tuning capacitor can generally be 
made much lower than the tube plate 
capacitance, this technique allows tuning 
to higher frequencies with lumped cir- 
cuit components than are obtainable 
with parallel tuning of the plate. Power 
is coupled from this type of device by 
a turn or two of wire around the tank 
coil. 

Frequency Modulation 

As shown in Figure 3 ,  the frequency 
modulated oscillator is injected into the 
second mixer and always operates at a 
center frequency of 48 MC. This oscil- 
lator and the control circuit which is 
required to hold it within 0.001 per 

RESULTANT Q 
Figure 4. Vectors illustrating how certain 
harmonic frequencies may  cause frequency 

modulation. 
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As shown in Figure 3, the frequency
modulated oscillator is injected into the
second mixer lind always operatcs at a
Center frequency of 48 Me. This 001·
lator and the control circuit which is
required to hold it within 0.001 per
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tube from the minimum capacitance of
the capacitor by means of a coil con
nected between them. The tank can be
tuned almost up to thc frequency where
the minimum value of the variable cap
acitor alone resonatcs with the tank coil.
Howevct, the lowest frequency obtain
able is limited by the condition where
the variable capacitor reachcs infinity
and becomes a short. causing the plate
capacitance 10 resonate with lhe tank
coil. This pUtS tWO very ri.l;id limits on
the tuning range and calls for an un
usual shape plate for the tuning capac
itor. Since the minimum capacitance of
the tuning capacitor can generally be
made much lower than the tube plate
capacitance, this technique allows mning
to higher frequencies wilh lumped cir
cuit componentS than are obtainable
wilh parallel tuning of the plate. Power
is coupled from this type of device by
a turn or twO of wire around the tank
coil.

The OUtput of the doubler circuit is
capacitivcly coupled to the cathode of
the following grounded-grid sra,se and
the diodes are allowed to develop their
Own OC bias in a load resistor on their
side of the coupling capacitor. A choke
in series with Ihe OC road prevents
loading of the RF circuit. Bias is ad
JUSted to a compromise optimum value.
The diodes mUSt be allowed to conduct
enough current 10 insure a low forward
conduet:lnce, but must nOt be allowed
to condUCt so much current that the
barrier capacit:mce is gready increased
and the switching rate slowed down.

a vcry high forward conduCtance and
apparendy switcht'S rapidly enough. 111e
forward conductance is important be
cause these dooblers must drive thc
cathode of a grounded-grid amplifier
which docs nOt present much more than
100 ohms resistance. Diodes which are
normally useful co milch higher fre
quencit'S were not useful in this case
because of their poorer forward con
ductance and a resulting high internal
I"".

All of the lower frequency amplifying
stages are fairly cooventional plate-tuned
6AK5 Stages. but from 200 MC up, the
6AN4 tube has been employed in a
grounded-grid configuradon. These
grounded-grid stages are somewhat
unique in that they are serics runed in
the plate circuit. This rakes the form
of a few turns of wire from lhe phue
connecled in series with a tuning capa
citor 10 ground. This type of mning in
creased the highest frequency attainable
from a given tuning capaciror by sep
arating the plate capacitance of fhe

Amplifiers

The need for doubling to frequencies
up to 550 Me wilh a minimum of har
monic produaion and a maximum of
power production led to the usc of a
fairly interesting technique. Electron
tubes arc not suitable for this purpose
because they produce a fairly strong
string of higher h~rmonia with little
energy where it is wanted. Thcoreric:llly
the commonly us(:d full-wave reclifier
circuif, operating from a center-tapped
rransformer, is ideally suited as a doubler
because it produces a great amount of
second·harmonic \'oltage in itS output
and very little of anything clse. In faCl,
it produces almost half of the voltage
at the second harmonic as is put into
it at fhe fundamental frequency. The
problem however is to set up these ideal
conditions af UHF frequencies.

First of all, the impedance of these
balanced transformer secondaries must
be kept low to avoid unwantc<l reson
ances and capacitive shunting. In prac
tice the untuned balanced secondary is
mounted 00 the grounded end of the
tuned primary winding. Each half of
fhe winding is approximately a single
turn, with the cenrer tap slighdy off
Center to compensate for the fact that
one turn is closer 10 the primary.

The Transitron type T-6 diode proved
to be very desirable for this use. It has

Frequency Doubling

kept as low as possible and the clement
should be so biased Ihat the total swing
takes place on the most linear portion
of the lransfer charaaeristic. It was
found desirable to use a 6AS6 tube as
a mixer with the l5 to 4 MC signal
fed info grid number 1 and Ihe highef
frequency fed into grid number 3. While
[his is nm fhe mosr efficient operation
(with only y.! volt on grid number I)
it does gfeatly reduce the distortion of
the signal on grid number 1. Any re
sulting harmonic coment can be addi
tionally reducrd (if the tuning is accu
race enough) by tuning the plale of the
6AS6 to the sum and following this
Slage with allO[her sharply tuned stage.
In faa. it is necessary to tune these
Slages for minimum spurious FM in the
final set-up procedure.

Carefully following the above prin
ciples rcsultS in a minimwn of spurious
FM. Ignoring these facts would easily
result in 100 KC or more spurious FM
deviation in the OUtput.

3
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OWNERS OF TYPES 160-A AND 170-A 
Q METERS PLEASE NOTE 

Radical changes in design changed consider- 
ably the parts make-up of 0 Meters Type 160-A 
and Type 170-A after serial numbers 2000 and 
700 respectively. Owners of instruments bear- 
ing these or lower serial numbers are advised 
that BRC's stock of spare parts for these instru- 
ments has been depleted and therefore 011 ser- 
vice of these instruments must be discontinued. 
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cent, is very complex and would very 
likely be ample subject matter for an- 
other article. Briefly, the oscillator is a 
triode oscillator which has a pentode 
reactance tube tied across its tank cir- 
cuit. A part of the output of the oscil- 
lator is amplified and mixed with a very 
stable 47.9-MC crystal oscillator. The 
100-KC IF frequency is then amplified 
and coupled into a frequency counting 
circuit which translates frequency shifts 
to DC level. This DC level is amplified 
and connected back to the reactance tube 
grid by means of suitable bucking volt- 
ages. The audio modulating voltages are 
also fed to this grid. In order that the 
reactance tube may be operated as close- 
ly as possible to the center of its linear 
characteristic, an electron-ray indicator 
tube in conjunction with a trimmer is 
provided on the front panel. With 
these, the operator can set the oscillator 
as close to center frequency as he can 
with the automatic frequency control 
circuits defeated. This precludes the need 
for compensating for long-term drift on 
these circuits. A check of this electron- 
ray indicator after every two or three 
hours of actual use will usually suffice 
to maintain low distortion. A spring- 
loaded switch on the AFC defeat pre- 
vents accidental defeating of the AFC 
when the generator is in use. A suitable 
indication on the indicator assures the 
operator that the control circuits are 
locked in. 

Audio Circuits 

The audio circuitry in this generator 
must do several things. First, it must 
supply internal modulating signals at 
400 cycles or 1,000 cycles as required. 
Next, it must handle external signals be- 
tween 300 cycles and 100,000 cycles 
and, at the same time, maintain a phase- 
shift characteristic which is essentially 
linear with frequency. There must be 
facility to handle a number of sub- 
carriers and optional compression cir- 
cuitry which will maintain constant de- 
viation as subcarriers are switched on 
and off, without substantially increasing 
the distortion in the audio channel. The 
deviation indicator meter on the panel 
must accurately indicate peak deviation 
regardless of the subcarriers present. To 
accomplish this, the meter circuit must 
be a peak-to-peak rectifier with a long 
enough time constant to hold between 
peaks and with a low enough imped- 
ance in the driving circuit to assure 
full charge of the capacitors in the time 

allowed by short peaks. The driving 
voltage must be amplified to a high 
enough level so that the diodes are 
essentially linear, otherwise, they will 
not act as an ideal switch and peak 
detector. 

The details of the compressor circuit 
are too lengthy for a survey of this 
nature. Briefly, it is essentially com- 
posed of pentodes whose gain has been 
controlled by varying the supressor-grid 
voltage. Additional circuitry has been 
included in parallel with each tube to 
balance out the DC transients which 
could result from this type of control. 
This additional circuitry simply takes 
the form of another similar pentode 
with its plate drawing current from the 
first tube's screen supply and its screen 
.drawing current from the first tube's 
plate supply. It is similarly driven by 
the DC control voltage, and tends to 
counteract the DC current charges in 
the compressor tube. This counteraction 
occurs because the cathode current of 
each tube varies very little. As the 
supressor voltage changes, all that occurs 
is a current flow which is diverted from 
plate to screen or vice versa. 

The balance of the audio unit is fairly 
conventional broad-band audio circuitry 
of careful design. 

Power Supplies 

A generator of this nature requires 
DC power with little voltage fluctuation, 
low impedance, and good filtering. Two 
very similar series regulated power sup- 
plies were selected for this purpose. 
Two supplies are required because the 
current requirements are too much for 
a single 6080 tube to handle. Also, it 
is desirable to adjust one supply to 
match the compressor operating point 
without affecting the DC levels in the 
FM oscillator control unit. The only 
difference between the two power sup- 
plies is that the unit supplying the FM 
oscillator control circuit uses wire- 
wound resistors to immunize it against 
temperature changes. This supply also 
delivers power to the crystal oscillators. 

Some of the more critical tubes in the 
FM control unit also have filament 
voltage stabilization. This is achieved 
by means of a thermal resistor ( in series 
with these tubes) which essentially main- 
tains a constant current in spite of 
normal line fluctuation and is indepen- 
dent of line frequency. A ferro-resonant 

transformer would regulate as well but 
would not have this immunity to line 
frequency. \J 

In order to assure proper stability in all 
temperatures from -40°F to +137"F, 
several methods of temperature con- 
trol are employed. First of all, the crys- 
tals are contained in a pair of ovens 
which maintain the internal temperature 
at 75°C 21 degree. This is always 
above expected ambient. The entire RF 
tuning unit is contained in a large shield 
can which is heated by thermostatically 
controlled heaters. These heaters are 
turned on whenever the internal tem- 
perature falls below 50°C. A cooling 
fan is turned on whenever the tempera- 
ture outside the can is above 15°C. 
Together these elements hold the tem- 
perature inside the can to fairly close 
limits (approximately 40" to 50°C). 

Ruggedness 

Great care has been taken to use 
materials and finishes which will with- 
stand fungus and moisture. The instru- 
ment is not sprayed with moisture fun- 
gus varnish but rather uses materials in 
the construction which are nonfungus 
nutrient and moisture resistant. 

Conclusion 

All of the above-mentioned charac- 
teristics have been included in the 
Boonton Radio Generator Type 242-A, 
For those interested, advertised specifi- 
cations for the production version of 
this instrument are available. It is our 
hope to explore some of the finer points 
of this device in further articles. 
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cent, is very complex and would very
likdy ~ ample subject matter for an
cxhcr micle. BridIy, £be oscillaror is a
uiode oscillator which has a ~ntode

reactance tu~ tied across iu tllnk cir
cuit. A part of the ourput of lhe oscil
lator is amplifinlaoo mixed with a very
stable 47.9-MC crystal oscillalor. 11le
loo-KC IF frequency is then amplifinl
and coupled into a frequency counting
circuit which trlIllSlales frequency shifts
to DC level. This DC level is amplified
and connected bad: to the reaCtance tube
grid by meallS of suitable bucking volr
ages. The audio mcxlulating voltages arc
also fed to this grid. In order that the
reactllnce tube may be operated a.~ close
ly as possible to the center of its linear
characteristic, an electron-my indicator
rube in conjuncrion with a trimmer is
provided on the front panel. With
these, the operatOr can set the oscillator
as close ro cemer frequency as he can
with the automatic frequency control
circuiu defeated. This precludes the need
for compensating for long-term drift on
these: circuits. A ched of this deacon
ray indicator after every twO or three
houts of aCtual lISt will usually suffice
to maintain low distortion.. A spring
loaded switch OIl the AFC defeat pre
venu accidental defearing of the AFC
when the genen.tor is in usc. A suitable
indication (){I the indicator assures the
oper:uor that the control circuitS are
locked in.

Audio Circuits

The audio circuitry in Ihis generntor
musr do several things. First, it must
supply internal mcxlulating signals ar
400 cycles or 1,000 cycles as required.
Next, it must handle external signals be
tween 300 cycles and 100,000 cycles
and, at Ihe same time, maintain a phase
shift chaneteristic which is essentially
linear with frequency. There must ~
faciliry 10 handle a number of sub
carriers and opt:ional compression cir
cuitry which will maintain constllnt de
viation as subcarriers are swirched on
and off, withour subsrantially increasing
the disronion in the audio channel. The
deviation indicatOr meter on the panel
must accun.tdy indicate peak deviation
regardless of the subcarriets present. To
accomplish this, the meter circuit must
~ a peak-to-peak rectifier with a long
enough lime constant to hold between
peab and with a low enough imped.
ance in the driving circuit to assure
full charge of the capacitOrs in the time

allowed by shan peab. The driving
voltll~ musr ~ amplified to a high
enough level SO thar rhe diodes are
C$Snltially linear, Otherwise, £hey wiU
nor act as an ideal switch and peak
detector.

The details of the compressor circuit
are tOO lengthy fot a survey of this
nature. Briefly, il is essentially com
posed of penuxles whose gain has been
conuolled by varying the supressot-grid
voltage. Additional circuiuy has been
included in parallel with each Nbe to
balance OUt the DC transients which
could result from this type of control.
This additional circuitry simply takes
the form of anOlher similar pentcxle
with its plate drawing current from rhe
firsl tube's screen supply and its screen
'dn.wing current from the first tube's
plate supply. It is similarly driven by
the IX coocrol voltllge, and tends to
coumeraa: the IX: CUffent charges in
the compressor rube. This counteraction
occurs beea.usc the cathode current of
each rube vaTies very liule. As the
supressor voltllge changes, allrhat occurs
is a current flow which is diverted from
plate to SCfeefl or vice versa.

The balance of the audio unit is fairly
coovemional broad-band audio circuiuy
of careful design.

Power Supplies

A generator of this nature requires
DC power with lirrle voltage fluctuarion,
low impedance, and good filtering. Two
very similar series regulated power sup
plies were sclected for this purpose.
Two supplies are rt:quired because the
currem requirements lire tOO much for
a single 6080 tube to handle. Also, it
is desirable to adjUSt one supply to
match the compressor operating point
wirhout affecting the IX levels in the
FM oscillator cootrol unil. The only
difference between the twO power sup
plies is that the unit supplying the FM
oscillator control circuil uses wire
wound resistors to immunize it agaillSr
tcrnperature changes. This supply also
delivers power to the crystal oscillators.

Some of the more critical rubes in the
FM conrrol unil also have filament
voltllge stabilization. This is achieved
by means of a thermal resistor (in series
with these tubes) which essentially main
raias a constant current in spite of
normal line fluctuation and is indepen
dent of Hne frequency. A ferro-resonant
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tnnsformer would regulate as well but
woold nor have this immunity ro line
frequency.

In orderlo assure proper mbiliry in all
rcmperatures from -40°F to +137°P.
several methods of temperarure con
lrol are employed. First of all, the crys
tals are contained in a pair of ovens
which maintain the internal temperature
at 75°C :1 degree. This is always
above expected ambient. The em ire RF
tuning unit is contained in a large shield
ern which is heated by thermostatically
controlled heaters. These hearers are
turned on whenever the internal tem
perature falls below 50°C. A cooling
fan is turned on whenever the tempera
rure outside the can is above 15°C.
Together these clements hold the tem
perature illSide the can to fairly close
limits (approximatdy 40° to 50 0 e).

Ruggedness

Grear care has been taken to usc
marerials and finishes which will with·
stand fungus and moisrure. The instru
ment is nor spn.yed with moisture fun·
gus varnish but rather uses materials in
Ihe construction which are nonfungus
nUtriCflt and moisture resistanr.

Conclusion

All of the above·mentioned charac
teristics have been included in the
Boonton Radio GeneratOr Type 242-A.
For those interested, advenised specifi
cations for the pr<xluetion version of
this instrument arc available. It is our
hope ro eXJ.'lore some of the finer points
of this deVICe in further anicles.

OWNERS Of TYPES 160-... AND 170·,1,
Q MOERS PlUSE NOTE



T H E  N O T E B O O K  

The RX Meter or the Q Meter? 

NORMAN 1. RIEMENSCHNEIDER, Sales Elzgilzeer 

The question of which instrument, 
the RX Meter or the Q Meter, is best 
suited to a particular measurement prob- 
lem frequently arises in our field work, 
since both instruments are designed for 
general impedance measurements. From 
the ,customers’ point of view, this ques- 
tion is particularly timely since he must 
decide which instrument will yield the 
greatest utility for the expendime in- 
volved. The purpose of this article is 
to set forth clearly the basic differences 
between the RX Meter and the Q Meter 
and further to establish how these dif- 
ferences affect measurements in areas 
of immediate interest. 

In order to simplify our discussion of 
this rather broad subject, it might be 
well to consider only the basic ranges 
of the instruments involved, without 
attempting to include extended range 
measurements through the use of ex- 
ternal accessories or special modifica- 
tions. However, inasmuch as the Q 
Meter is basically designed to operate 
with a “work’ coil, we shall allow the 
use of this particular accessory to lie 
within the boundaries of our approach. 

Basic Differences 

The fundamental differences between 
the RX Meter and the Q Meter may be 
briefly listed as follows: 
1. The Q Meter provides a direct indi- 
cation of Q over a range of 5 to 1200 
or 10 to 625, depending upon the model 
used. Higher Qs, up to the order of 
several thousand, can be readily meas- 
ured by indirect methods. The RX Meter 
is basically a low-Q device and will 
measure Q to zero. RX Meter readings 
are direct in equivalent parallel capaci- 
tance and resistance, and Q must be 
computed from these readings. 
2. In the transition from direct to in- 
direct measurements on the Q Meter, 
there is a gap in the range of resistances 
which can be measured. The RX Meter 
is on the other hand, calibrated directly 
in parallel resistance, and resistance 
measurements can be made in a con- 
tinuous range of from 15 to 100,000 
ohms. A comparison of the values of 
resistance that are measurable on the 
RX Meter and the Q Meter is shown 
in Figure 2. 
3. The 260-A Q Meter operates in a 
range from 50 kc to 50 mc and the 

LJ 
Figure 1. The author loads one of BRC’s station wagons before taking off on a field trip. 
This field service brings our full line of instruments to the customer‘s door. Actual demonsfra- 
tions and technical consultation assist the customer with problems and in selecting fhe correct 
instrument for the job to be done. 

190-A Q Meter operates in a range 
from 20 to 260 mc. Operating in a 
range from 500 kc to 250 mc, the RX 
Meter frequency range is almost equiv- 
alent to the total range of both Q 
Meters. 
4. The resonating capacitance of the 
RX Meter goes down to zero, whereas 
the minimum capacitance of the 190-A 
0 Meter is 7 ppf and the minimum 
capacitance on the 260-A Q Meter is 
30 ppf. Coils requiring very low values 
of resonating capacitance can not be 
resonated on either of the Q Meters, 
but can be resonated on the RX Meter. 
5. Voltage applied to the specimen in 
making measurements on the Q Meters 
is a function of the setting indicated by 
the XQ Meter, and is for the most part 
determined by the Q of the coil to be 
measured. The applied voItage of the RX 
Meter varies from 0.1 volt to 0.5 volts, 
but can, with the addition of an external 
potentiometer, be made to vary to a 
minimum of 0.02 volts. This feature of 
the RX Meter is partidarly desirable 
when it is necessary to measure input 
circuits to tube grids or transistors, 
where the impedance can be influenced 

by the level at which it is measured.‘ 
6. Since the insertion voltage of both 
types of Q Meters is developed between 
the low coil side and ground, neither 
side of the inductance is at ground RF 
potential. This, as a consequence, does 
not permit series type measurements to 
be made with one side at ground RF 
potential. The RX Meter is a grounded- 
type bridge and therefore measurements 
can be made with a common RF ground 
established between the bridge and the 
circuit under consideration. 

Common Measurement Problems 

It might be well at this point to con- 
sider how the fundamental differences 
between the Q Meter and RX Meter 
affect components and circuits under 
investigation. With these differences 
under consideration, let us list the sev- 
eral major measurement categories and 
determine which instrument is best 
suited for a particular measurement job. 

Coils 

As pointed out above the Q of high-Q 
coils can be best and most expeditiously 
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THE NOTEBOOK

The RX Meter or the Q Meter?

NORMAN l. RIEMENSCHNEIDER, Sale! Engineer
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The question of which instrument,
the RX Meter or the Q Meter, is best
suited to a particular measurement prob·
lem frequently arises in our field work,
since both instruments are designed for
general impedance measurementS. From
the .eusromers' point of view, this ques
tion is particularly timely since he mUSt
decide which instrument will yield the
grearcst utility for the expenditure in
volved. The purpose of this article is
to set forth clearly the basic differences
betWeen the RX Meter and the Q Meter
and further to establish how these dif
ferences affect measurements in areas
of immediate imerest.

In order to simplify our discussion of
this rather broad subject, it might be
well to consider only the basic ranges
of the instruments involved, without
attempting to include extended range
measurements through the use of ex
ternal accessories or special modifica
tions. However, inasmuch as the Q
Meter is basically designed to operate
with a "work" coil, we shall allow the
use of this partirular accessory to lie
within the boundaries of our approach.

Basic Differences

The fundamemal differences between
the RX Meter and the Q Meter may be
briefly listed as follows:
J. The Q Meter provides a direct indi
cation of Q over a range of 5 to 1200
or 10 to 625, depending upon the model
used. Higher Q's, up to the order of
several thousand, can be readily meas
ured by indirect methods. The RX Meter
is basically a low.Q device and will
measure Q to zero. RX Meter readings
are direct in equivalent parallel capaci
ranee and resistance, and Q muse be
computed from these readings.
2. In the transition from direct to in
direct measurements on the Q Meter,
there is a gap in the range of resistances
which can be measured. The RX Meter
is on the other hand, calibrated directly
in parallel resistance, and resistance
measurements can be made in a con
tinuous range of from 15 to 100,000
ohms. A comparison of the valucs of
resistance thae are measurable on the
RX Meter and the Q Meter is shown
in Figure 2.
3. The 260-A Q Meter operates in a
range from SO kc to SO mc and the

190-A Q Meter operates in a range
from 20 to 260 mc. Operating in a
range from 500 kc to 250 mc, the RX
Meter frC<:juency range is almOSt equiv
alent to the total range of both Q
Meters.
4. Ine resonating capacitance of the
RX Meter goes down to zero, whereas
lhe minimum cap:Kitance of the 190-A
Q Meter is 7 p,p,f and the minimum
capacitance on the 260-A Q Meter is
30 p,p,f. Coi1s requiring very low values
of resonaring capacitance can not be
resonated on either of the Q Meters,
btl[ can be resonalOO on the RX Meter.
S. Voltage applied to the specimen in
making measurements on the Q Meters
is a function of rhe setting indicated by
the XQ Meter, and is for the most pare
determined by the Q of the coil ro be
measured. The applied voltage of the RX
Meter varies from 0.1 volt to 0.'5 volts,
hut can, with the addition of an external
potentiometer, be made to vary to a
minimum of 0.02 volts. This feature of
the RX Meter is particularly desirable
when it is necessary ro measure input
circuits to rube grids or nansistots,
where the impedance can be influenced
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by the level at which ir is measured.'
6. Since the insenion voltage of both
types of Q Meters is developed between
the low coil side and ground, neither
side of the inductance is at ground RF
potential. This, as a consequence, does
nOt permit series type measuremems to
be made with one side at ground RF
potential. The RX Meter is a grounded
type bridge and therefore measurements
can be made with a common RF ground
established between the bridge and the
circuit under consideration.

Common Measurement Problems

It might be well at this point to con
sider how the fundamemal differences
beeween the Q Meter and RX Meter
affect components and circuits under
investigation. Wirh these differences
under consideration, let us list the sev
eral major measurement categories and
detennine which instrument is beSt
suited for a partirular measurement job.

Coils

As pointed oue above the Q of high-Q
coils can be best and most expeditiously
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Figure 2. A comparison of measurable resistances on the Q Mefer and RX Meter. 

measured on the Q Meter. However, 
coils with very low Q s  or coils with 
cores exhibiting extremely high losses 
can be measured more conveniently on 
the RX Meter because the latter instru- 
ment has the ability to measure Q s  
down to zero. (The permeability and 
losses of some core materials vary widely 
with dc and rf driving levels.) 
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As covered in a previous article’ the 
RX Meter will measure the self-res- 
onant frequency of coils, and distributed 
capacitance can very easily be deter- 
mined from self-resonant frequency. 
This same measurement can be accom- 
plished on a Q Meter; however, it is a 
somewhat more lengthy procedure to 
determine the self-resonant frequency 

on the Q Meter. 

Capacitors 

The capacitance of capacitors can be 
measured directly on the RX Meter 
within its range. However, unless the 
capacitor is extremely “lossy”, its Q 
and/or dissipation factor can only be 
measured on the Q Meter because of 
the high value of parallel resistance 
involved. 

Semiconductor Devices 

Customers in the field advise BRC 
sales engineers that the RX Meter lends 
itself extremely well to semiconductor 
measurements because: ( 1 ) measure- 
ments can be made directly in one step, 
( 2  ) the instrument can very easily be 
modified to operate at reduced level, 
and ( 3 )  the instrument lends itself to 
biased circuits. 

Antennas 

Either the Q Meter or the RX Meter 
can be used for antenna measurements, 
but the RX Meter lends itself some- ~ 

what more readily because it is an un- 
balanced, one side grounded, device. 
Use of the 515-A Coaxial adapter aug- 
ments the convenience of the RX Meter 
in this application.* 

Transmission lines 

While the characteristic impedance, 
attenuation, and velocity of propagation 
of transmission lines can be measured 
on the Q Meter, it can be accomplished 
more accurately and more expediently 
on the RX Meter. A description of the 
methods and techniques involved has 
been covered else~here.~ 

Vacuum Tubes 

The RX Meter is better suited to 
vacuum tube measurements than the Q 
Meter for the same reasons outlined 
under semiconductor devices. 

Conclusion 

In this article we have attempted to 
make a comparison of the Q Meter and 
RX Meter, and to outline the areas of 
their application. It should be remem- 
bered, that with either type instrument, 
other measurements not mentioned can 

. . 
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Either the Q Meter or the RX Meter
Clln be used for amenna measurements,
bUi the RX Meter lends itself some
what more readily bKallse it is an un·
balanced, one side grounded, device.
US(: of the SIS-.... Coaxial adapter aug
ments the coovenience of the RX Meter
in this application.'

Antennas

on the Q Meter.

Capac:ilors

The capacitance of capacitors can be
measured direclly on the RX Meter
within ilS cange. However, unless t~

capacitor is exrremdy Hlogy··, iu Q
ao%r dissipation factOr can only be
measured on the Q Meter because of
the high value of parallel resimnce
involved.

Tronsmission Lines

While the characteristic impedance,
attenuation, and velocity of propagation
of transmission lines can be mellsured
011 rhe Q Meter, it can be accomplished
more accurately and more expediently
on the RX Meter. 1\ description of the
methods and techniques invoh'ed has
been covered. clscwhere.'

Vocuum Tubes

The R.X Meter is better suited to
vacuum rube ffie:lsurements than rhe Q
Meier for the s.1me reasons outiinec:l
under semiconductor devices.

Semiconductor Devices

Cusromers in the field advise ERC
sales engineers lhat the RX Meter lends

l~ ICC; itself extrcrnely welJ to semiconduaor
measurements because: (I) measure
menlS can be Dl2de dirtttly in one step,
(2) the instrument an very easily be
modified. to operate at reduced level,
and (3) the instrument lends itself to

- biased circuits.
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measured on the Q Meter. However,
coils with very low Q's or coils with
cores exhibiling extremely high losses
can be measured more conveniemly on
the RX Meter because the latter instru
ment has tflt, ability to measure Q·s
down 10 zero. (The permeability and
losses of some core materials vary widely
with dc and rf driving levels.)

Iu covered in a previous lIrticie' the
RX Meter wiIJ measure the self·res
onant frequency of coils. and diStributed
capacitanCe can very easily be derer
mined from self-resonant frequency.
This same measurement can be accom·
plished. on a Q Meter; however, it is a
somewhat more lengthy procedure to

determine I~ self-resonant frequ(:ocy

Conclusion

In rhis article we have attempred to
make 11 comparison of the Q Meter and
RX Merer, and ro outline th... :l.rCJ.,S of
their application. h should be r..-mnn
berro, Iha[ with eilher type inslrument.
od1(:r ffie:l.SUrementS nOl: fIlf,"flIioned atn
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be made using suitable but perhaps 
more indirect techniques. Generally 
speaking, it can be said that measure- 
ments that can be handled on either 
instrument, with the exception of di- 
electric measurements and measurement 
of high-Q coils, can be performed more 
expediently on the RX Meter. 

’. 
2. 
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Use Of Markers On Sweep 
Signal Generator Type 2 4 0 4  

The Type 240-A Sweep Signal Gen- 
erator is equipped with a built-in marker 
system which produces crystal-referenced 
“birdie-type” markers and adjustable pip 
interpolation markers. These markers are 
added to the response of the system 
under test, (see illustration below) pro- 
ducing a composite signal which may be 
displayed on an oscilloscope. PFoper use 
of the Sweep Signal Generator, espe- 
cially the marker system, will produce 
sharp, easy-to-interpret displays. Some 
helpful hints, aimed at providing opti- 
mum operation of the marker system, 
are contained in the following para- 
graphs. 

Oscilloscope display showing markers added 
io response curve. 

Test in Amplitude Control 

The rectified response from the cir- 
cuit under test by the Type 240-A 
Sweep Signal Generator is fed to the 
TEST SIGNAL IN jack, through the 
TEST IN  AMPLITUDE control, and 
then to the Test Signal Amplifier where 
it is combined with the birdie markers 
to produce a composite signal output 
which may be displayed on an oscil!o- 
scope. When adjusting the vertical de- 
flection of such a display, it will be 
found that best results are obtained 
when adjustment is made by means of 

the vertical deflection control on the 
oscilloscope, with the TEST IN AMPLI- 
TUDE control on the Sweep Signal 
Generator turned full on. 

Verification of Center Frequency 

Crystal markers, as they appear on 
the response curve of a circuit under 
test, have no significance unless a value 
can be assigned to the center marker. 
All that is known at this point in the 
measuring procedure, is that the mark- 
ers are frequency spaced as indicated by 
the CRYSTAL MARKER SELECTOR. 
In order to assign frequency values to 
these markers, identification of the cen- 
ter marker must be made. When the 
center frequency marker is identified 
and its value ascertained by the CEN- 
TER FREQ control setting, it is a 
simple matter to determine the fre- 
quency values of other markers based 
on the frequency spacing setting of 
the CRYSTAL MARKER SELECTOR. 
Identification of the center frequency 
marker can be made as follows: 

1. Set the CENTER FREQ control to 
the desired frequency. 

2. Turn the CRYSTAL MARKER 
SELECTOR to the 2.5MC position and 
observe the markers on the oscilloscope 
display. 

3 .  Narrow the sweep width by turn- 
ing the SWEEP WIDTH control on the 
Sweep Signal Generator in a counter- 
clockwise direction untiI only one birdie 
marker remains on the display. This 
marker is the center frequency marker 
and may be assigned the frequency 
value indicated on the CENTER FREQ 
dial. 

After the center frequency marker 
has been identified, turn the SWEEP 
WIDTH control clockwise until the de- 
sired sweep width is obtained and all of 
the desired 2.5 MC markers are visible 
on the oscilloscope display. At the same 

time, note the position of the center 
marker with respect to the other mark- 
ers. With the center frequency value 
assigned to this marker, it is now pos- 
sible to determine frequency values of 
other points along the response curve, 
because the frequency spacing between 
the markers is known (in this case 
2.5MC). If desired, .5MC and .lMC 
crystal markers may be introduced by 
repositioning the CRYSTAL MARKER 
SELECTOR. This will cause more closely 
spaced markers to appear on the dis- 
play, and will permit further delinea- 
tion of frequencies along the response 
curve. 

Pip Markers 
Once the frequencies along the re- 

sponse curve have been identified by 
means of the tuning dial on the Sweep 
Signd Generator and the crystal mark- 
ers, the pip markers should be posi- 
tioned to mark the desired frequencies, 
and the crystal markers should be turned 
off. This procedure provides a means 
for marking any two of the frequencies 
along the response curve, and at the 
same time, removes the possibility of 
interference with the curve caused by 
the crystal marker frequencies. 

Attenuation of Crystal Markers 
When using the Type 240-A Sweep 

Signal Generator to test a circuit which 
has a high-gain characteristic, it may be 
found that the crystal markers tend to 
become attenuated if the TEST IN  
AMPLITUDE control is in its full-on 
position and the vertical gain of the 
oscilloscope has been turned down to 
reduce the high level signal put out by 
the circuit under test. Since the ampli- 
tude of the markers is insufficient in 
the face of the high test circuit output, 
the input should be reduced or the “Test 
In” amplitude reduced to obtain the 
proper signal-to-marker ratio for satis- 
factory marker display. 
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be made using suitable but perhaps
more indirect techniques. Generally
speaking, it can be said that measure
ments that can be handled on either
instrument, with the eJtception of di
electric measurements and measurement
of high-Q coils, can be performed more
eJtpediemly on the RX Meter.

References

I. Riemenschneider, N. L, "Some VHF
Bridge Applications," BRC Note
bo.?k No.6, Summer 1955.

2. Gorss, C G .• "A Co:uial Adapter
for the RX Meter," BRC Notebook

No.3, Fall 1954.

3.. Riemenschneider, N. 1., "Transmis
sion Line Measuremenrs with the
RX Meter," BRC Notebook No, 3,
Fall i954.

Use Of Markers On Sweep
Signal Generator Type 240-A

The Type 240-A Sweep Signal Gen
erator is equipped with a built-in marker
system which produces crystal-referenced
"birdie-typc" markers and adjustable pip
interpolation markers. These markers are
added to the response of the system
under test, (see illustration below) pro
ducing a composite signal which may be
displayed on an oscillosco!*. Pro!*r use
of the Sweep Signal GeneratOr, espe
cially the marker system, will produce
sharp, easy-to-interpret displays. Some
helpful hints, aimed at providing opti
mum operation of the marker system,
are contained in the following para
graphs.

.L

OnilloO<:0fHI di.plDy Jro""ing "'o,h.. tJdd~d
1o ''''p<>n.e cu,ve.

Test in Amplitude Control

The rectified response from the cir
cuit undet test by the Type 240-A
Sweep Signal Generator is fed to the
TEST SIGNAL IN jack, through the
TEST IN AMPLlTIJDE control, and
Ihen to the Test Signal Amplifier where
il is combioed with rhe birdie markers
to produce a composite signal Output
which may be displayed on an oscillo
scope. When adjusting the venical de
flection of such a display, it will be
found that best results are obtainc:d
when adjustment is made by means of

the vertical deflection control on the
oscilloscope. with rhe TEST IN AMPU
TIJDE control on the Sweep Signal
GeneratOr rurned full on.

Verification of Center frequency

Crystal markers, as they appear on
the response rurve of a circllit under
test, have no significance unless a value
can be assigned to Ihe centcr market.
All that is known at this point in the
measuring procedure. is that the mark
ers are frequency spaced as indicated by
the CRYSTAL MARKER SELECTOR.
In order to assign frcquency values to
these markers, identification of the cen
ter marker must be made. When the
cemer frcquency market is identified
and its value ascertained by the CEN
TER FREQ control setting, it is a
simple matter to determine the fre
quency values of orher markers based
on the frequency spacing sctting of
the CRYSTAL MARKER SELECTOR.
Identification of [he center frcquency
marker can be made as foUows:

L Se[ rhe CENTER FREQ control to
the desired frcquency.

2. Turn the CRYSTAL MARKER
SELECfOR to the 25MC position and
observe the markers on the oscilloscope
display.

3. Narrow the sweep width by rurn
ing the SWEEP W1DTH comrol on the
Sweep Signal Generator in it counter·
clockwise direction until only one birdie
marker: remains on the display. 111is
marker: is the Center frequency marker
and may be assigned the freq"uency
value indicated on the CENTER FREQ
dial.

After the center frequency marker
has been idemified, turn the SWEEP
WIDTH control clockwise umil the de·
sired sweep width is obtained and all of
the desired 25 MC markers arc visible
on the oscilloscope display. At lIle same
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time, note the position of the cemer
marker with respect to the other mark·
ers. With the c('mer frequency value
assignC<.1 to this marker, it is now pos
sible to determine frequency values of
Other points along Ihe response curve,
because the frequency spacing between
the markers is known (in this C1lSC
25MC). If desired•.5MC and .lMC
ctystal markers may be introduced by
repositioning the CRYSTAL MARKER
SELECTOR. This will cause more dosely
spaced markers ro appear on the dis
play, and will permit further delinea
tion of frcquencies along the response
curve.

Pip Markers
Once the frequencies along the re

sponse curve have been identified by
means of the mning dial on the Sweep
Signa1 Generawr and the cry~tal mark
ers, the pip markers should be posi
tioned to mark rhe desired frcquencies,
and the crystal markers should be turned
off. This procedute provides a means
for marking any cwo of the frequencil:s
along the response curve, and at the
same time. removes the possibility of
interference with the curve caused by
the crystal marker frcquencies.

Attenuation of Crystal Markers
When using the Type 240-A Sweep

Signal Generatot to test a circuit which
has II. high-gain charactetistic, it may be
found that the crys!al markers tend to
become attenuated if the TEST IN
AMPLITUDE control is in its full-on
position and the vertical gain of the
oscilloscope has been turned down to
[(...duce the high level signal put Out by
rhe circuit under lest. Since Ihe umpli
tude of lhe markers is insufficient in
the face of the high test circuit OutpUt,
rhe inpur should be reduced or the "Test
In" amplitude reduced to obtain the
proper signal-ro.marker ratio for salis
factOry marker display.
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EDITOR'S NOTE 

Q Meter Survives Re-Entry 

The 8-mile drive west on Route 46, 
from Mountain Lakes to Dover, New 
Jersey is an exciting safari. Deluxe 
beaneries, vari-colored gas pumps, sign- 
infested discount stores, glowing bill- 
boards, and other scenic wonders, too 
numerous to mention, are breathtaking, 
even on a dull day. On December 2 ,  
during one of these treks from desk to 
dinner table, your editor was eye- 
witness to something he knows will be 
of extreme interest to Notebook read- 
ers, especially rocket enthusiasts and 
moonwatchers. 

It was a little after 5 o'clock; the sun 
was not more than a few minutes be- 

The small crowd that had gathered 
by this time, edged closer to the object, 
until those of us in the lead were within 
5 feet of it. It was then that I got the 
surprise of my life. The object in the 
road was unmistakably a BRC Type 
260-A Q Meter. This didn't seem pos- 
sible; after all, the object had fallen 
from the sky; but there it was. 

within twentv feet of t h M &  The Tvee 160-A 0 Meter shown soarinu throuuh ~. 
a few minutes however, the'object no 

cooling rapidly. in operat ing condition. 

space was  actually received f o r  repair  af ter  it 

ne l  at BRC were amazed to  find the instrument 

- - 
longered glowed, and appeared be had been damaged by fire. lnspecfion person- 

ten minutes later, attired in volunteer 
firemen's garb, and convinced the local 
police that the instrument should be 
transported to the BRC laboratory for 
examination. 

The instrument was examined with 
utmost care by Larry Cook, Quality Con- 
trol Engineer, Bob Barth, Inspection 
Foreman, and other BRC engineers, and 
a full report was prepared and pre- 
sented at a special board meeting held 
on Wednesday, December 4th. Copies 
of the report have been distributed to 
capital hill and interested government 
agencies. The contents remain confi- 
dential as this account goes to press, 
but I have been authorized by proper 
authority to disclose two unusual facts: 
the 260-A Q Meter was tested and 
found to be in good working order, 
(incredible as this may seem); the 
examiners noted what appeared to be 
the paw marks of a dog on the instru- 
ment's front panel. 

ere are some Notebook readers, 

sky. Note the damaged front panel. 
Naturally, for the sake of security, the 
paw marks have been cleverly removed 
by a retouch artist. 
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Q Meter Survives Re-Entry
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len minules later, attired in volunteer
firemen's garb, and convinced the local
police thac the instrument should be
transported to the BRC laboratory for
eramination.

The instrument was examined with
Utmost care by Larry Cook, Quality Con·
lrol Engineer, &b Barth. Inspecrion
Foreman, and Other BRC engineers, and
a full report was prepared and pre
scored ac a spec.ial board meeting held
on Wednesday, December 4th. Copies
of the report have been distributed co
capiral hill and imer('Sced government
agencies. '11e coments remain confi
dential as this account goes co press,
but I have been authorized by proper
authority to disclose tWO unusual facts;
che 26O-A Q Merer was t('Sled and
found 10 be in good working order,
(incredible as rhis may seem); che
examiners noted what appeared ro be
rhe paw marks of a dog on rhe instru·
ment's from panel.
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Figure 1. Two-unit design of the Type 265-A Q Comparator puts the test circuit portion of 
the instrument at the front of the test position where if i s  needed, and the indicator portion 
at the rear of the test position, out of the w a y  but within easy view. 

instrument which will meet present day 
requirements for a fast and accurate 
means for determining relative Q, in- 
ductance, capacitance, and resistance. 
The instrument, BRC’s Type 265-A Q 
Comparator, is now in production. 

GENERAL DESCRIPTION 

The Q Comparator is comprised es- 
sentialiy of a swept-frequency oscil- 
lator, Q meter-type measuring circuit 
with detector, vertical amplifier, dif- 
ferentiator, spot generator, horizontal 
amplifier with blanking circuit, cathode- 
ray tube, and power supply, (Figure 2 ).  
The swept-frequency oscillator and 
measuring circuit are assembled into a 
relatively small unit which is cable- 
and-plug connected to the main unit 
containing the cathode-ray tube and re- 
maining circuitry. With this arrange- 
ment, the portion of the instrument on 
which the test connections are made 
can be used at the front of an inspection 
bench, taking up no more space than 

most inspection gauges or fixtures, while 
the main indicator portion of the in- 
strument is placed at the rear of the 
bench or rack mounted off the bench 
altogether, out of the working area, 
(See Figure 1 ) . 

The initial set up of the Q Compara- 
tor is performed by a test engineer or 
other suitably skilled person, using a 
standard component having the char- 
acteristics that are desired in the pro- 
duction components. The set-up pro- 
cedure, which will be explained later, 
results in a dot at the center of the 
CRT when the standard component is 
connected to the Q Comparator test 
circuit. Following this set up, compara- 
tively. unskilled personnel can rapidly 
check production components by simply 
connecting them to the test circuit and 
observing the position of the dot on 
the CRT. These are no tuning opera- 
tions to be performed and no meter 
readings to be evaluated. 

Any dot which does not appear at 
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A Q Comparator
JAMES E. WACHTER, P,oject Engineer

figu .. 1. Two...."it d••;gn of ,h. Type 265.1< 0 Compa,otar pulo th. 'u' <iT,uit po,tian 01
the I""'ument 01 the Iront 01 110. Ie" paJilion wheTe it i. ,,"ded, and 110. indiootoT pOTtion
ot t......Or of the 'ut po,ilion, au' of tb. woy but within eooy ~jew.

h would be difficult co imagine that
any industry has expa.nded more than
the elecuonic industry during the paSt
decade. The producrion of television re
ceivers, e1eClronic control devices, com
purors, and many other electronic de
vices has soared during this time. With
this increase<! production of electronic
devices carne ever increasing demands
for enormous quantities of electronic
componenrs including coils, capacitors,
resistors, and these components wired in
combination. This brought about the
inevitable need for faster methods of
producing these components.

Developers wem (0 work on the
problem and today rhe fruits of their
labor are evidem in the numerous autO
matic production machines which are
standard equipment in the plants of
many of the deceronic component manu
facrurers. These same manufanurers are
producing thousands of coils, capacitOrs,
and resisrors daily. Producrionwisc the
challenge has been met.

Reports from some of lIle electronic
components manufacturers indicate:,
however. that nOt all is well. " appears
rhat, in some areas, instrumentation for
check ing 111=componeots against manu
facturer's tolerances has not kept pace.
Today, manufaCTUrers are interested in
getting trend and reject information
from the inspection operation back to
the production operation as quickly as
possible to keep production wirhin de
sign tOlerances :lnd to keep rejects to
a minimum. This cannOt be done with
available instruments.

This article describes and delves some
what into the design principles of an

YOU WILL FIND ...
I< 0 Compa,,,to, ..•..
Ilemol. "'.,..u,.....nl. with Ihe 11,1(

"'.,., £mploying H"If_W,,~elengthli.... ...... .(
New Wing. lor BIiC .. 1
ANOTHU 0 MHU CONTEST 1
ellc field Eng;nu,ing Sloft ...••... 8

instrumelll which will meet present day
requirements for a fast and accurate
means for determining relative Q, in
dncmnce, capacitance, and resismnce.
The instrument, BRC's Type 265-A Q
Comparator, is now in proounion.

GENERAL DESCRIPTION

The Q Comparator is comprised es
semi ally of a swept-frequency oscil
lator, Q meter-type measuring circuit
with detector, venical amplifier, dif·
[erendator, spot generator, horizomal
amplifier with blanking circuir,cathooe
tay tube, and power supply, (Figure 2).
The swept-frequency oscillator and
measuring circuit are assembled into a
relatively small unit which is cable
and-plug connected to the main unit
containing the cathode-ray rube and re·
maining circuitry. With this arrange
ment, the portion of the instrument on
which the test connections arc made
can be used at the frOnt of an inspection
bench, taking lip [10 more space than

mOSt inspection gauges or fixtures, while
the main indicator portion of the in·
strument is placed at the rear of the
bench or rack mounted off the bench
altogethet, out of the working area,
(See Figure 1).

The initial set up of the Q Compara
ror is performed by a test engineer or
other suitably skilled person, using a
standard componenr having the char
acteristics that are desired in the pro
dunion components. The set-up pro
cedure, which will be explained latcr,
results in a dot at the cemer of the
CRT when the standard component is
connected to the Q Comparator test
circuit. Following this set up, compara
tively. unskilled personnel can rapidly
check production components by simply
connecting them to the test circuit and
observing the position of the dot on
the CRT, These are no tuning opera
tions to be performed and no meter
readings to be evaluated.

Any dot which does not appear at
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the center of the CRT indicates that 
the component under test is different 
than the standard. Deviation along the 
vertical axis shows a change in Q and 
deviation along the horizontal axis 
shows a change. in L (inductance) or 
C (capacitance). It becomes apparent 
that any desired limit conditions could 
be grease penciled on the CRT, and any 
dot falling outside these boundaries 
would then indicate a reject component. 
In addition to performing this “go - 
no-go” function, the instrument will 
supply trend information quickly so that 
in many cases production can be altered 
before rejects occur. 

SET-UP PROCEDURE 

The standard component is connected 
to the Q Comparator test circuit, which 
is a basic Q-meter resonant circuit con- 
taining an injection impedance and 
resonating capacitor. With the oscil- 
lator tuning capacitor motor turned off, 
the capacitor is set to its center fre- 
quency position by means of a detent 
in its shaft. An oscillator coil cover- 
ing the desired test frequency is selected 
and plugged into the oscillator circuit 
and tuned to the desired frequency by 
means of its calibrated adjustment 
screw. The capacitor detent is released 
and the motor actuated. By means of a 
switch, either of two sweep widths may 
be selected; *25% or 2 5 %  of the 
center capacitance in the oscillator cir- 
cuit. It is simpler to use the wider sweep 
during the set up and then reduce it 
later if desired. 

The adjustments made thus far are 
performed on the test circuit unit. The 
remaining adjustments concern the CRT 
display. The intensity is turned up and 
a fixed dc voltage is applied to the 
vertical deflection amplifiers by means 
of a function selector switch. Under 
this condition, a horizontal trace ap- 
pears on the CRT. The trace is verti- 
cally and horizontally centered on the 
CRT by adjusting the vertical and hori- 
zontal deflection voltages respectively. 
The length of the trace, corresponding 

T E S T  CIRCUIT UNIT 

I 
I 
I 
I 

( 2 %  DETECT 
rv 

CKT 

I 

REMOTE INDICATOR UNIT 

Figure 2.  Q Comparator Block Diagram 

to the sweep width, is set to the desired 
size by varying the gain of the hori- 
zontal amplifier. The Q calibration of 
the CRT is made by varying the gain 
of the vertical amplifier. With the fore- 
going procedures completed, the func- 
tion selector switch is put in the test 
position and the resonating capacitor ( in  
the test circuit) is tuned for resonance. 

Either of two resonating capacitors 
may be used, depending upon whether 
a high or low value of capacitance is 
required. Resonance will be indicated 
on the CRT by the appearance of a 
resonance curve or a portion of a reso- 
nance curve. The RF level of the oscil- 
lator is adjusted so as to raise or lower 
the peak of the resonance curve to the 
vertical center of the CRT. The reso- 
nating capacitor is finely tuned to lo- 
cate the peak at the horizontal center 
of the CRT. 

Adjustment of the “Dot Position” 
control will cause an intensified dot to 
appear on the resonance curve and to 
be moved across the peak of the curve. 
The dot is positioned at the highest 
point of the resonance curve; i.e., the 
center of the CRT (Figure 3 ) . A “Hi 
Q-Low Q ’  switch permits the “Dot 
Position” control to function properly 
under either high or low-Q conditions. 
With the dot in position, the intensity 
of the display is reduced with the “In- 
tensity” control until the resonance 
curve disappears and only the dot re- 
mains. The “Astigmatism” and “Focus” 
controls are adjusted for the sharpest 

and most symmetrical dot. The Q Com- 
parator is now ready for use. 

DESIGN TECHNIQUES 
Oscillator and Sweep Generator 

The oscillator is a simple one operat- 
ing in the 200-kc to 70-mc range and 
consisting of a cross-connected 12AU7 
double triode. Electrically the oscillator 
section is quite conventional. The tun- 
ing arrangements of the oscillator on 
the other hand are somewhat uncon- 
ventional. 

Tuning for center frequency is ac- 
complished by means of variable in- 
ductances in the oscillator tank circuit, 
while the variable (swept) tuning is 
accomplished by a motor-driven capaci- 
tor. With this system, the ratio of the 
capacitance variation to the total aver- 
age capacitance is independent of the 
coils used, and the same relative re- 
actance variation can be obtained for 
any center frequency. The output of 
the oscillator is coupled via a loop to 
the injection impedance of the test 
circuit detector. Amplitude is controlled 
by varying the plate voltage of the 
oscillator tube. 

Simultaneously with providing a swept 
frequency, one section of the motor- 
driven capacitor serves to generate a 
sawtooth voltage for the horizontal 
sweep (corfesponding to the X axis on 

in synchronism with the instantaneous 
frequency deviation. 

the cathode-ray tube) which is always L 
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DESIGN TECHNIQUES
Oscillator and Sweep Generator

The oscillatOr is a simple one Operal
ing in the 200-kc to 70-mc range and
consisting of a cross·conneaed l2AU7
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ing arrangements of the oscillatOr on
the Other hand are somewhat uncon
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Tuning for center frequency is ac·
complished by means of variable in
ductances in the oscillator tank circuit,
while lhe variable (swept) tuning is
accomplished by a motor·driven capaci
lOr. With this system, the ratio of the
capacitance variation to the lOtal aver
age capacitance is independent of the
coils used, and the same relative re
actance varialion can be obtained for
any center frequency. The OUtput of
Ihe oscillator is coupled via a loop to
rhe injeclion impedance of Ihe tesl
circuit deteclOf. Amplirude is COntroUed
by varying the plate voltage of the
OSCiUatOf rube.

Simultaneously with providing aswept
frequency, one section of the m(){Or
:Iriven capacitor serves to generate a
sawtOOth voltage for rhe horizontal
sweep (cortesponding lO the X axis on
lhe carhode'fay rube) which is always
in synchronism with the wmmaneous
frequency deviation.
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10 tne s"'eep widlh, is set to Ihe desired
size by varying Ihe gain of the hori
zontal amplifier. The Q calibf2rion of
the CRT is made by varying the gain
of the vertiCIl amplifier. With the fore
going procedures compleled, lhe func
tion selector switch is put in lhe test
position and the resonaling capacitor (in
tne lest circuir) is runed for resonance.

Eilher of twO resonating capacirors
may be used, depending upon whether
a high or low value of capacitance is
required. Resonance will be indicated
on the CRT by the appearance of a
resonance curve or a portion of a reso
nance curve. The RF level of lhe oscil·
lator is adjusted so as to raise or lower
the peak of the resonance curve to the
vertical center of the CRT. The reso
nating capacitor is finely IUned to lo
cate the peak at the horizontal center
of the CRT.

Adjustment of the "Dot: Position"
comrol will cause ;In imensified d(){ 10

appear on the resonance curve and ro
be moved across lhe peak of Ihe curve.
The dO( is positioned at lhe highesl
point of the resonance curve; i.e., the
CeOter of the CRT (Figure 3). A "Hi
Q - Low Q" swilCh permitS the "Dot
Posilion" control ro fuoClion properly
under either high or low-Q conditions.
With the dO( in position, Ihe intensity
of lbe display is reduced wilh the ''In
lensity" comrol umil Ihe resonance
curvr- disappears and only Ihe d(){ re
mains. The "Astigmarism" and "Focus"
comrols are adjusted for the sharpesl
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tne center of lne CRT indicates tnal
tne component under lesl is different
th;ln the Slandard. Deviation along lhe
vertical axis shows a change: in Q and
deviation along Ihe hOrizoOlal axis
shows a ch<lnge. in L (induaance) or
C (capacilance). It becomes apparem
lhat any desired limit condilions could
be greue penciled on Ihe CRT, and any
dOl falling outside these boundaries
"'ould then indicare a rejecl compo~nt.
In addilion to performing this "go 
oo-go" funaiOll. Ihe instrumc:m will
supply trend information quickly so thar
in many cases produclion can be altered
before rejectS occur.

SET·UP PROCEDURE

The Slandard component is COnnecled
to tne Q ComparatOr test circuit, which
is a b.'l5ic Q.meter resonant circuit con
taining an injfflion impedance and
rcson:Hing capaciror. With the oscil·
la[or runing capacitOr motOr rurned off,
rhe capacitOr is ser to its cemer fre·
quency position by means of a detem
in irs shaft. An oscillator coil cover
ing the desired test frequency is selected
and plugged into the oscillatOr circuit
and runed to the desired frequency by
means of its calibrated adjustmcm
screw. The capacitor delent is released
and the mmor adualed. By means of a
switCh, eirher of twO sweep widths may
be selected; ±25% or ±5% of lhe
Center capacitance in the oscillator cir
cuit. h is simpler to use the wider sweep
during the set up and then reduce it
later if d~ited.

The adjuslmentS made thus far are
performed on the tesr circuit unil. The
remaining adjustmenrs concern lhe CRT
display. The imensily is IlImed up and
a fixed dc voltage is applied to the
venical deflection amplifiers by means
of a funclion selector switch. Under
this condition, a horizontal trace ap
pears on Ihe CRT. The tface is \'erti
ally and horizonNlIy cemered on the
CRT by adjusling Ihe venical and hori
lOnNI deflection voltages respectively.
The: lenglh of Ihe tf2ce. corresponding
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Detector 

In addition to the detector itself, the 
detector section contains the test circuit 
which is a Q-meter arrangement with 
a two-section tuning capacitor for high 
and low frequencies. The detector 
proper is an “infinite impedance” type 
(cathode follower). A 12AU7 double 
triode is used for this purpose with 
one of the tube sections being used for 
compensation of heater voltage changes. 

Vertical Amplifier 

The vertical amplifier consists of two 
cascaded differential dc amplifiers. DC 
amplification is required in order to 
keep the base line (corresponding to a 
no-input signal) in place so that the 
height of the resonance curve can be 
measured from this base for any posi- 
tion or width of the resonance peak. 
The differential amplifiers provide a 
simple means for balancing level varia- 
tions caused by heater voltage changes, 
and depressing the base line so that only 
the peaks of the resonance curves show 
on the CRT screen. 

A voltage divider stabilized with a 
neon lamp provides a means for setting 
up and checking the vertical amplifica- 
tion at the input of the vertical amplifier. 
The amplification of the vertical channel 
can be adjusted by varying the amount 
of negative feedback in the first stage. 

The vertical amplifier also delivers 
the input signal to the differentiator. 

Differentiator and Trigger 

The differentiator-trigger circuit, con- 
sisting of a feedback-pentode differen- 
tiator between two cathode followers, 
provides a trigger pulse for the dot 
generator at the precise moment of the 
resonance curve peak. The differentia- 
tor produces first and second deriva- 
tives of the resonance curve which, in 
turn, are used to anticipate the peak 
of the resonance curve to allow for 
circuit delays. 

In addition to acting as a source of 
feedback voltage to the differentiator 
proper, the second cathode follower 
drives the input amplifier to the trigger 
circuit. A minimum number of coupling 
capacitors have been used in the circuit 
in order to keep down any charging 
effects. 

The trigger circuit comprises two cas- 
caded modified “Schmitt” triggers and 
are essentially overdriven amplifiers de- 
livering a well defined voltage step of 
constant amplitude at the moment the 
input voltage reaches a predetermined 
level. 

- _  

SETTING ‘UP STANDARD 

’ FINAL SET UP 

PRODUCTION COMPONENTS 

Figure 3. 0 Comparator CRT Displays 

Spot Generator 

The step voltage from the trigger is 
differentiated and serves to initiate the 
final brightening pulse. This pulse is 

generated in a monostable multivibra- 
tor. In order to obtain a pulse of high 
amplitude and very short duration with- 
out excessive power consumption, high 
value load resistors are used and feed- 
back and coupling capacitors of the 
multivibrator consist of the distributed 
and tube capacitances. 

Horizontal Amplifier 

A small sawtooth voltage is obtained 
from an RC network containing a ro- 
tating capacitor and amplified to a suf- 
ficient level to cover the entire CRT 
screen. Filters isolate the sawtooth gen- 
eration from the oscillator. The first 
two stages of this amplifier are con- 
ventional RC-coupled triodes, with time 
constants that keep the sawtooth from 
deteriorating in shape. The final stage 
is a differential amplifier which pro- 
vides a push-pull output and an easy 
means for centering the trace on the 
CRT screen. 

One of the sawtooth outputs is dif- 
ferentiated into a square wave and 
used for actuating the blanking circuit. 
Blanking is necessary because of the 
slight nonlinearity of the sweep voltage 
which produces two resonance peaks 
side-by-side on the CRT screen. Elimi- 
nating the brightened dot from one of 
these results in the display becoming 
single-valued. 

Cathode-Ray Tube 

A cathode-ray tube is used as the 
display element, with the X axis hori- 
zontal and the Q axis vertical. The 
type SABP1, a 5-inch post-deflection 
accelerator tube, was chosen for this 
purpose because it requires the simplest 
amplifying and power supply circuitry. 

The tube is operated with its cathode 
at -1700 volts, the deflection system 
at a few hundred volts positive, and 
the post accelerator at +1700 volts. An 
astigmatism control is required in addi- 
tion to the usual focus and brightness 
controls, in order to provide a bright- 
ened dot that is reasonably small (about 
1 mm) and circular. The brightness of 
the dot is considerably higher than 
would be used in a line display. 

A magnetic shield isolates the CRT 
from the transformers and chokes in 
the power supply and from the driving 
motor in the oscillator and sweep gen- 
erator sections. 

Power Supply 

The power supply supplies all of the 
voltages required by the Q Comparator. 
Certain of these voltage lines are stabil- 
ized with voltage regulator tubes be- 
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generated in a monostable multivibra·
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A masnetic shield isolales the CRT
from the transformers and chokes in
the power supply and from the driving
mOtOr in the oscillalOr and sweep gen·
erator sections.

Power Supply

The power supply supplies all of the
vol rages required by the Q Comparator.
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cause they feed stages sensitive to dc 
level changes. In some instances tubes 
will occasionally have their cathodes 
operating at close to +l50 volts or 
-150 volts. In these cases only tubes 
with high permissible heater-cathode 
voltage ratings have been employed. 
This eliminates the need for separate 
filament windings. 

Because of the number of tubes used 
in the instrument, some drawing rela- 
tively heavy currents during short in- 

tervals (pulses), thorough filtering is 
employed in the power supply in addi- 
tion to sectionwise decoupling. 

CONCLUSION 

In the Type 265-A Q Comparator, 
BRC believes it has developed an in- 
strument which will be invaluable to 
manufacturers of electronic components. 
The comparator provides comparison 
measurements of relative Q, inductance, 
and capacitance easily and accurately. 

Since these measurements require merely 
the visual inspection of a dot on a 
cathode-ray tube screen, the instrument 
can be operated by unskilled personnel 
once it is set up. 

BRC customers interested in the Q 
Comparator may obtain information 
from one of the BRC representatives 
listed on page 8 of the Notebook. Also, 
the instrument will be on display in 
the BRC booth at the IRE show in New 
York City during March 24 through 27. 

Remote Measurements with the RX Meter 
Employing Half-Wavelength lines 

ROBERT POIRIER, Development Engineer 

Previous Notebook articles, Fall 1954, 
issue number 3, page 7 and Summer 
1956 issue number 10, page 5 broached 
the subject of measuring impedances 
which are necessarily located some dis- 
tance from an RX Meter but connected 
to the RX Meter through a constant 
impedance transmission line. The pro- 
cedures to be described in the present 
article while not necessarily limited to 
constant impedance transmission line 
circuits will be restricted thereto be- 
cause of the great simplification in data 
processing which results from the use of 
constant impedance transmission lines. 
It is the purpose of the present article 
to carefully consider the use of half- 
wavelength transmission lines of con- 
stant characteristic impedance, Z,, for 
remote impedance measurements with 
the Type 250-A RX Meter. The view- 
point is toward establishing simple pro- 
cedures for interpreting the RX Meter 
readings through either lossless or lossy 
transmission lines to an unknown termi- 
nal impedance via the Smith Chart. 

Transmission Line Equations 

The equation which relates input 
impedance, Zi to the characteristic im- 
pedance Z,, of a transmission line and 
the load resistance 2, is given for the 
general case by 

zi = z,, (1) 

where the complex propagation constant 

Z ,  cosh yl + Z ,  sinh yl 

2, cosh yl + Z l  sinh yl 

for the distributed series resistance, R; 
inductance, L; shunt conductance, G; 
and capacitance, C per unit length. 

Some special cases are considered as 
follows: 

For 2, = Z,, 

zi = z,, 
for any distance 1 between the load 
impedance and the measuring point. 

2, 

21 
When Zl  = co ( - = 0 )  

as in the case of an open circuit terminal 

cosh yl Z,, 

sinh yl tanh yl 
( 3 )  - 2,) = 2,- - ~ 

and when 2, = 0 as in the case of a 
short circuit terminal 

By manipulating equations ( 3 )  and ( 4 )  
we have 

( 5 )  

2, = 2, tanh yl - ( 4 )  

z,, = J 2 1 ,  z, 
and 

E 

In this article we are primarily con- 
cerned with half-wavelength lines for 
which Z,, and 2, are pure resistances, 
R,, and R, respectively. Also from ( 5 )  
and ( 6 )  

2, 

R, 
( 7 )  

and separating y into a + jp we have 
for '/2 wavelength lines 

tanh yl = - 

2R,, Z,, 

RIl2 + ZO2 
( 8 )  tanh 2 a l  = 

and 

tan 2/31 = 0 

Equation (8 )  may be written as 

2 R,, z,, 
R1,2 + 202 

a1 = 92 tanh -l 

which for R, 2 52, reduces to 

20 Z" 

R,7 R,, 
a1 cc - neper or 8.69 - db 

i 

(9 )  

Equation ( 8 )  relates the input re- 
sistance, R,, measured at integral half- 
wavelength distances from the open or 
short circuited end of a 2, character- 
istic impedance transmission line to the 
total transmission loss a1 of the length, 
1 transmission line. W e  note that for 
lossless lines (a1 = 0)  R,, may be 
either 0 or co but for transmission loss 
in excess of 20db R,, approaches Z,, for 
either open or short circuited terminals 
or any termination in between open or 
short. Equation (8 )  is plotted in Fig- 
ure 1 for the open and short circuit 
limits and from these a family of curves 
is generated to show the effect of trans- 
mission loss in db on the measured re- 
sistance of various resistive terminations 
separated from the measuring point by 
integral half wavelengths of transmis- 

Z,, of the transmission line has been 
assumed 50 ohms for this illustration. 

sion line. The characteristic impedance, L 
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(9)

(8)

z"
8.69 ~db

R"

y:! tanh -I

R/ + Z.,2

tan 2fll = 0

a} =

mnh 20.1

which for RIO ~ 5z., reduces [Q

z"
a} = ~ neper or

R,.

Equation (8) may be written as

Equarion (8) relates the input re
sistance, RI' measured at integral half
wavelength distances from lhe open or
shorr circuited end of a z., character
istic impedance transmission line to the
tOtal transmission loss at of the length.
1 transmission line. We nOte that foe
lossless lines (a/ = 0) R" may be
either 0 or <t.l but for transmission loss
in excess of 20db RI' approaches z., for
either open· or shorr circuited terminals
or any termination in between open or
short. Equation (8) is plotted in Fig
ure 1 for the open and short circuit
limits and from these a family of curves
is generated to show the effect of trans,
mission loss in db on the measured re
sistance of various resistive terminations
separated from the measuring poim by
integral half wavelengths of transmis
sion line. The characteristic impedance,
2" of the tr:rnsmission line has been
assumed 50 ohms for this illustration.

(j)

(6)

z,.

and when Z/ = 0 as in the case of a
shari circuit terminal
Z,.=Z"tanhyl. (4)
By manipulaling equations (3) and (4)
we have

In this article we are primarily con
cerned with half-wavelength lines for
which ~, and Z,. are pure resislances,
RI' and R~ respectively. Also from (S)
and (6)

z.,
tanh y/ = ~ (7)

R"

and separating y into a + jf3 we have
for lh wavelength Jines

For 2/ = 2"

z.,
WhenZ/=oo (~=O)

Z,

as in the case of an open circuit terminal

cosh y/ 2"
Z" = 2" -- = -- (3)

sinh y/ tanh y/

for any distance 1 betWeen the load
impedance and the measuring poim.

Some special cases are considered as
foHows:

( I )
2/ cosh yl + 2" sinh yl

z., cosh yl + Z/ sinh yl

where the complex propagation constant

y = j (R + jwL) (G + jwC), (2)

for the distributed series resistance, R;
inductance, L; shunt conductance, G;
and capacitance, C per unit length.

Previous Notebook anicles, Fall 1954,
issue number 3, page 7 and Summer
1956 issue number 10, page 5 broached
the subje<:t of measuring impedances
which are necessarily located some dis
tance from an RX Meter but connected
to the RX Meter Ihrough a coosmnt
impedance transmission line. The pro·
ce4ures to be described in the present
article while not necessarily limited to

constant impedance transmission line
circuits will be restricted thereto be·
cause of the great simplification in data
processing which results from the use of
constant impedance transmission lines.
It is the purpose of the present article
to carcfuHy consider the use of half·
wavelength transmission lines of con
stant characteristic impedance, z... for
remote impedance measurements with
the Type 250-A RX MetC!. 'nle view
point is toward establishing simple pro
cedures for interpreting the RX Meter
readings through either lossless or lossy
transmission lines to an unknown termi
nal impedance via the Smith Chart.

Transmission Line Equations

111e equation which relates input
impedance, Z, to the characteristic im
pedance 2" of a transmission line and
the load resistance Z/ is given for the
general case by

4
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The Smith Chart 

The Smith Chart is a family of solu- 
tions contained within a unit circle for 
the transmission line equations in terms 
of the series orthogonal components 
and may be interpreted for R + jX of 
impedance or G + jp of admittance. 
The polar coordinates of the unit circle 
are reflection coefficient, p and line 
length, pl in terms of wavelength. The 
maximum radius of the unit circle there- 
fore corresponds to a reflection coeffi- 
cient of 1 and the center to a reflection 
coefficient of 0. This is related to 
VSWR as 

L 

I f P  

1 - P  
VSWR = __ 

So far as the series components of 
impedance or admittance are concerned, 
one-half wavelength of pl corresponds 
to a complete cycle and to 360" or one 
full turn around the chart. Smith Charts 
are available with the orthogonal co- 
ordinates calibrated in resistance and re- 
actance for 50 ohm characteristic im- 
pedance, conductance and susceptance 
for 20 millimho characteristic admit- 
tance, or normalized impedance or ad- 
mittance coordinates; 

Usually included on the Smith Charts 
are the radially scaled parameters; re- 
flection coefficient and loss, standing 
wave ratio and transmission loss. 

For the purpose of illustrating the ef- 
fect of transmission loss on Smith Chart 
plots, Figure 2 shows a normalized 
coordinate Smith Chart with ldb steps 
of transmission loss drawn as concen- 
tric circles. The intersection of these 
circles with the resistance/conductance 
axis corresponds, in Figure 1, to the 
intersections of the open and short 
circuit curves with whole integers of db 
and shows (as in Figure 1 )  the effect 
of transmission loss on the measured 
resistance of open or short circuit termi- 
nals at integral half-wavelength inter- 
vals in ldb steps. 

Consider for example an open cir- 
cuit termination. This corresponds in 
impedance coordinates to the extreme 
right end of the resistance axis and in 
admittance coordinates to the extreme 
left end of the admittance axis. An 
integral number of half wavelengths re- 
moved from the termination along a 
transmission line corresponds in the 
lossless case to the same integral num- 

/ 

v 

IO 9 8 7 6 5 4  3 2 I 0 

TOTAL TRANSMISSION LOSS IN db 

Figure 1.  
located an integral number of half-wavelengths from the termination. 

Apparent change of load resistance versus line loss in db when viewed from positions 

ber of clockwise revolutions around the 
Smith Chart, at constant radius, where 
the open circuit termination still ap- 
pears as an open circuit. But for an 
integral number of half wavelengths and 
with ldb removed from the termina- 
tion, the impedance or admittance locus 
spirals clockwise toward the center of 
the chart for the number of complete 
revolutions corresponding the number 
of half-wavelength line lengths to the 
circle representing 1 db transmission 
loss. In this case, we read from Figure 2 
for the open circuit termination; 
R = 8.72,) ohms (435  ohms for 
2,) = 50 ohms) or G = 0.115Y,, milli- 
mhos, or from Figure 1; R = 435 ohms. 

Measurement Procedure 

The basic operations associated with 
remote impedance measurements em- 
ploying the RX Meter are outlined as 
follows: 

1. Establish a length of uniform char- 
acteristic impedance transmission line 
between the RX Meter and the measur- 
ing point to be exactly an integral num- 
ber of half wavelengths by providing 
an open circuit termination exactly at 
the location where the impedance to 
be measured will be located. Adjust the 
line length and/or the measuring fre- 
quency so that the RX Meter, appro- 
priately tuned and balanced, reads a 
resistance; R,, > Z,, and C,, = 0. For 
%-ohm coax it is expedient to use the 

Coax Adapter Kit Type 515-A for con- 
necting to the RX Meter. Record R,,. 
The effective parallel resistance thus 
obtained for an open-circuited line may 
.be located on Figure 1 or a Smith Chart 
to determine the total transmission loss ' 

between the RX Meter and the open cir- 
cuit. Record the total transmission loss. 
As an example, if the RX Meter reads 
R,, = 1,000 ohms C,, = 0 from Figure 
1 or Figure 2, the total transmission loss 
is 0.4db. 

In setting up the proper length trans- 
mission line it is preferable to avoid 
the use of a multiplicity of patch cords 
and/or constant impedance adjustable 
lines which are not exactly constant im- 
pedance. The reason for this is that 
adjustable lines and cable connectors 
(the latter especially when carelessly 
assembled and/or not kept clear of 
grease, dirt and the little brass chips and 
flakes of silver plate which tend to ac- 
cumu 1 a t e ) produce d isco n t i n u i ti es 
which cause changes in VSWR inde- 
pendently of the VSWR changes due 
to' transmission loss. The operator in 
this case is faced with the choices of 
attempting to account for all discon- 
tinuities, eliminating them, or neglect- 
ing them. 

2. Connect the impedance to be 
measured at the end of the transmission 
line in place of the open circuit. Re- 
balance the RX Meter and read and re- 
cord R,, and 6,. Since the RX Meter 
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C0.1X Adapter Kit Type 515·A for con
necting to the RX Meter. Record R".
The efftx:rive parallel resistance thus
obwined for an open·circuited line may
be located on Figure 1 Or a Smi1h ChlHt
to determine the roral transmission loss
between the RX Meter lmd the open cir·
cuit. Record the roral transmission loss.
As an example, if the RX Meter reads
R" = 1,000 ohms C" = 0 from Figure
1 or Figure 2, the rotal transmission loss
is OAdb.

[n setting up the propet leng1h trans
mission line it is preferable to :tvoid
the use of a multipliciry of patch cords
and/or conStant' illlpedanc~ adjustable
lines which arc nor exactl}' constant im·
pedance. The reason for this is thar
adjustable Jines and cable conneClOrs
(the latter especially when carelessly
assembled and/or not kept clear of
grea.'lC, din and the linle brass chips and
flakes of silver plate which rend to ac
cumulate) produce discontinuities
which cause changes in VSWR inde·
pendently of the VS\XlR changes due
roO transmission loss. The operator in
this case is fan..J with the choices of
attempting to account for all discon
tinuities, eliminating them, or ncgleer
ing [hem.

2. COnnect the impedance to be
measured at the cnd of the transmission
line in place of the open circuit. Re
balance the RX Meter and rcad and re·
cord Rv and c;",. Since the RX !\l.eter

""'.•••w.

••••••
300 ~,
200

0

ii~l~ii~lll~i ·~100 -<
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ber of clockwise revolurions around the
Smith Chart, at COnStant radius, where
the open circuit termination still ap·
pears as an open circuir. Dut for an
integral number of half wavelengthS and
with ldb removed from the termina
tion, rhe impedance or admiHance locus
spirals clockwise tOward the center of
the chart for the number of complete
revolutions corresponding the number
of half.wavelength line Ient.;ths to the
circle representing I db transmission
loss. In this case, we read from Figure 2
for the open circuit termination;
R = 8.7Z" ohms (435 ohms for
1.,. = 50 ohms) or G = 0.115Y" milli·
mhos, or from Figure I; R = 435 ohms.

Measurement Procedure

The basic operarions associated with
remote impedance measurementS em
ploying the RX Meter arc outlined as
follows:

J. Establish a length of uniform char
acteristic impedance rransmission line
between thc RX Mcter and the measur
ing point to be exactly an integral num
ber of half wavelengths by providing
an open circuit termination exactly at
the location where the impedance to
be measured will be located. Adjust the
line Icngth and/or the measuring frc
quency so that rhe RX Meter, appro·
priarely tuned and lxllanced, reads a
resistance; R1, > z.. and C" = o. ror
50-ohm coax it is expedient to use the

Usually included on the Smith Charts
are the radially scaled parameters; re
flection coefficient and loss, standing
wave ratio and transmission loss.

For the purpose of illustrating rhe ef
fect of rransmission loss Oil Smith Chart
plots, Figure 2 shows a normalized
coordinare Smirh Chart with Idb steps
of transmission loss drawn as concen
tric circles. lile intersecrion of rhese
circles wilh the resistance/conductance
axis corresponds, in Figure 1, to the
intersections of the open and shon
circuir curves with whole integers of db
and shows (as in Figure I) rhe effect
of transmission loss on the measured
resistance of open or shOrt circuit termi·
nals at integral half-wavelength inter·
vals in ldb steps.

Consider for example an open cir·
cuit termination. TIlis conesponds in
impedance coordinates to the extreme
right end of the resistance axis and in
admittance coordinates to the extreme
left end of the admittance axis. An
integral number of half wavelengths reo
moved from the terminarion along a
transmission line corresponds in the
lossless case to the same integral num·

t+p
VSWR=-

t-p

The Smith Chart

The Smith Chart is a family of solu
tions contained within a unit circle for
the rransmission line equations in terms
of the series orthogonal components
and may be interpreted for R + jX of
impedance or G + j{3 of admittance.
The polar coordinates of the unit circle
are reflection coefficiem, p and line
length, {31 in terms of wavelength. The
maximum radius of the unit circle there
fore corresponds to a reflection coeffi
ciem of I and the cemer [Q a reflection
coefficient of O. This is rdated co
VSWR as

So far as the series components of
impedance or admirrance ,He concerned,
one-half wavelength of {3/ corresponds
to a complete cycle and co 3600 or one
fuJi rurn around rhe chan. Smith Charts
are available with the orthogonal co
ordinates calibrated in resistance and re
actance for 50 ohm charaneristic im
pedance, conductance and susceptance
lor 20 millimho characteristic admit
tance, or normalized impedance or ad
mirtance coordinatcs;

R jX G jB
-,±-.-,and±
2., L" Y" y ..
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reads out parallel components it is con- 
venient to convert the reading to 
normalized admittance coordinates, 

1000 j IOOOwC,, 
G = -  and B = 

YoRp YO 

per unit millimho and locate the co- 
ordinates on a Smith Chart. 

3. Consider a radius line drawn from 
the center of the Smith Chart through 
the located admittance. Since the trans- 
mission line has been established exactly 
an integral number of half wavelengths, 
the actual admittance at the end of line 
must be somewhere on this radius, 
there being no net change in pl for 
integral numbers of half wavelengths. 
For lossless or reflectionless transmis- 
sion the admittance at the end of the 
line is the same as measured at the input 
end of the line. For lossy transmission 
with reflection the VSWR on the line 
will be increasing toward the load. The 
actual load admittance may be eval- 
uated by adding the total transmission 
loss, previously determined, to the meas- 
ured admittance along the radius vector 
away from the center of the Smith 
Chart. That is to say, the total trans- 
mission loss in db is added along the 
radial transmission loss scale in db away 
from the center of the Smith Chart, 
which is the direction for approaching 
the load to locate the point on the chart 
denoting the admittance (or impedance) 
of the load proper. 

Examples 

To illustrate step 3, above, let us sup- 
pose that the transmission loss of a 
given cable of one-half-wavelength 50- 
ohms characteristic impedance has been 
found to be 0.4db according to step 1, 
and that an RX Meter has indicated 
R,, = 170 ohms C,, = 0 for the termi- 
nation and line. This may be plotted 
directly either as normalized conduc- 
tance or normalized resistance since the 
series components are the same as the 
parallel components for pure resistance. 
On Figure 2 this data is plotted as 
conductance 

1000 

20 X 170 

per unit millimho. Scaling 0.4db along 
the conductance axis away from the 
center from 0.294 -t- j0 we find 
0.25 t j0 per unit millimho or 200 
ohms for the termination. This result 
can also be obtained from Figure 1 
which is plotted for pure resistance 

G =  = 0.294 

i 

Figure 2. Smifh Chart illusfrating fransmission loss. 

terminations. The entire admittance 
locus for any point on the transmission 
line is shown on Figure 2 as a dashed 
line spiral of one revolution for the 
one half wavelength total line length. 

A second example is considered as 
follows : 

In this case, step 1 for 50-ohm coax 
reveals R,, = 150 ohms C,, = 0. From 
Figure 1 or Figure 2 the total transmis- 
sion loss is 3 db. Step 2 reveals R,, = 30 
ohms C,, - 7.0 ppf at 100 mc. Con- 
verting to normalized admittance co- 
ordinates 

50 

30 
G = - = 1.67 and B = - j 50 w 

C,, = -j0.22. This point is located 
on the chart and a radial line through 
this point extended 3db away from 
center locates 2.8 - j l .O per unit ad- 
mittance at the termination or 

50 

2.8 
R,, = ~ = 17.9 ohms 

and C,, = -31.8ppf. For the purpose 

of simplifying the figure, the spiral ad- 
mittance locus, mainly a matter of aca- 
demic interest, was omitted in this ex- 
ample. Moreover, to plot the locus it 
is necessary to know the length of the 
line in wavelengths which was not 
given as data. 

Some Aspects of Balanced Line 
Measurements 

\ 

The foregoing procedures are es- 
sentially applicable for either unbal- 
anced coaxial transmission line or dual 
balanced transmission lines such as 
"twin lead"; directly so when the bal- 
anced to unbalanced transition known 
as a balun is omitted and the two wires 
of the balanced line are connected di- 
rectly to the Hi  and Lo binding posts 
of the RX Meter. This procedure is 
subject to error resulting from unbal- 
anced capacitance effects at the binding 
posts which may be minimized by lead- 
ing the balanced line vertically away 
from the bridge. If a balun is employed 
a multiplying factor of 4 is required 
in going from unbalanced to balanced 
impedance and from balanced to un- 
balanced admittance. If the transmis- 
sion line includes both balanced and 

- 
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The foregoing procedures arc es
sentially applicable for either unbal·
anced coaxial transmission line or dual
balanced transmission lines such as
"twin lead"; directly so whcn [he bal
anced to unbalanced transition known
as a balun is omitted and the twO wires
of thc balanced line are connected di
realy to the Hi and La binding postS
of the RX Meter. 111is procedure is
subject to error resulting from unbal
anced capacitance effeers at the binding
postS which may be minimized by lead·
ing the balanced line vertically away
from the bridge. If a balun is employed
a multiplying factor of 4 is re<:Juired
in going from unbalanced 10 balanced
impedance and from balanced to un·
balanced admitrance. If the transmis
sion line includes both balanced and

of simplifying the figure, the spiral ad
mittance locus, mainly a marter of aca
demic interest, was omittcd in this ex
ample. Moreover, to plot the locus it
is necessary to know the length of the
line in wavelengths which was nOt
given as data.

Some Aspects of Balanced Line
Megsurements

- 31.8,..,..f. For the purposeand e"

'0
RI' = --- = 17.9 ohms

28

CI' = -jO.22. This point is located
on the chan and a radial line through
this point extended 3db away from
center locares 2.8 -jl.O per unit ad·
mittance at rhe rcrmination or

terminations. The emire admitrance
locus for any paim on the transmission
line is shown on Figure 2 as a dashed
line spiral of one revolution for Ihe
one half wavelength total line length.

A sc<ond example is considered as
follows:

In this case, step I for 50·ohm coax
reveals: R» = 150 ohms C1, = O. From
Figure 1 or Figure 2 the tOtal transmis
sion loss is 3 db. Step 2 reveals RI' = 30
ohms CI' - 7.0 p-p.f at 100 me. Con
vening to normalized admittance co
ordinates

reads OUt parallel components it is con
venient to conven the reading to
normalized admittance coordinates,

per unit millimho and locate the co·
ordinates on a Smith Chart.

3. Consider a radius line drawn from
the cemer of rhe Smirh Chart rhrough
the located adminance. Since the trans·
mission line has been establishc-d exactly
an imegral number of half wavelengths,
the actual admittance at the end of line
must be somewhere on this radius,
there being no nct change in (11 for
integral numbers of half wavelengths.
For lossless or refJectionless transmis·
sian the admittance at the end of the
line is the same as measured at the input
end of the line. For lossy transmission
with reflection the VS\X!K on the line
will be increasing toward rhe load. The
actual load admittance may be eval
uated by adding the fOcal transmission
loss, previously determined, to the meas
ured admittance along the radius vector
away from the ceiller of the Smith
Chart. Thai is 1O say, the total trans·
mission loss in db is added along the
radial transmission loss scale in db away
from the cemer of the Smith Chart,
which is the direoion for approaching
the load to locate the poim on the chart
denoting the admittance (or impedance)
of the lo.1d proper.

Examples

To illustrate step 3, above, lei us sup
pose [hat the lransmission Joss' of a
given cable of one-half-wavelength 50·
ohms characteristic impedance has been
found to be OAdb according to step I,
and that an RX Meter has indicated
R" = 170 ohms e" = 0 for the termi
nalion and line. This may be plotted
directly either as normalized conduc
ranee or normalized resistance since the
series componems are the same as the
parallel components for pure resistance.
On Figure 2 this data is planed as
conductance

I000 j IOOOwCi'
G = --and B:=: ---

Y"Ki' y"

G = --- = 0.294
20 X 170

1000

per unit milJimho. Scaling OAdb along
the conductance axis away from the
center from 0.294 ± jO we find
0.25 ± jO per unit millimho or 200
ohms for the termination. This result
can also be obtained from Figure 1
which is ploued for pure resistance
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unbalanced sections the balanced and 
unbalanced sections may be any length 
each, provided that the total transmis- 
sion length is an integral number of 
half wavelengths and that the character- 
istic impedance of the balanced section 
is exactly 4 times the characteristic im- 
pedance of the unbalanced section. The 
total transmission loss is evaluated, as 
previously, by measuring R ,  for the 
open circuited integral half-wavelength 
transmission line, locating R,, on the 
Smith Chart, and measuring attenua- 
tion on the db scale between R = 00 
and R,,. If the balanced to unbalanced 
characteristic impedance ratio is not 
exactly 4:1 then the two sections must 
be each adjusted to exactly an integral 
number of half wavelengths and the 

- total transmission loss may be evaluated 
as previously. 

Generally, measurements made with 
balanced lines are more subject to error 
than unbalanced coaxial. Primarily these 
errors result from discontinuities in 2, 
caused by unmatched cable connectors 
and the close proximity. of the balanced 
sections to conducting objects. Here 
again, the choices are to account for all 
discontinuities, eliminate them or ne- 
glect them. 
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New Wings for BRC 
EDSON W. BEATTY, BRC Pilot 

Over six years ago, BRC entered the 
business aviation field with the pur- 
chase of a Beechcraft Bonanza Aircraft 
for executive transportation. Recently 
we replaced this single-engine plane 
with a multi-engine Cessna 310, shown 
in the photograph. Because BRC is lo- 
cated on the fringe of Metropolitan 
New York, an area offering three major 
airports and fourteen domestic airlines, 
one would presume that we should have 
very little. use for a business aircraft. 
Quite the opposite is true: we find 
the airplane to be extremely useful for 
handling our business transportation 
problems. 

There are many advantages of owning 
and operating our own business air- 
craft; the most apparent being the time 
saved and the fact that we are not 
bound by firm schedules. For example, 
in order to travel via commercial air- 
lines, an executive must depart from his 
office at least 2 hours before the sched- 
uled departure time. Using the company 
aircraft, he can be in the air and on his 
way in 45 minutes. Since he sets his 
own departure time, he can tend to 
those “last minute details” before leav- 
ing. Also, with this type of operation, 
we are not limited to airline-served 
cities, but may use the facilities of most 
of the military and civil airports located 
throughout the country. 

Our new Cessna 310 may be briefly 
described as a multi-engine, five-place, 
low-wing monoplane with retractable 
tricycle 1anding.gear. At a distance in 
flight it resembles a jet aircraft. This 
allusion probably stems from the large 
wing-tip fuel tanks (each holds 50 gal- 

‘ 

,’ 

BRC’r new Cessnu 310 shown ut the Morristown 
Municipal airport where it i s  bared. 

Ions of fuel). The engines are a re- 
ciprocating type, consisting of two six- 
cylinder horizontally- opposed engines 
developing 240 H P  each. The fuel 
tanks, together with the relatively short 
25-foot length over-all and 36-foot wing 
span add greatly to the inflight stability 
of the aircraft. The 310 is aerodynamk- 
ally clean in design, offering very low 
drag resistance. This reduction in drag 
resistance is accomplished mostly by 
good engine and cowling design. Each 
powerplant is installed in a 21-inch 
deep cowling which is an airfoil section 
contributing lift to the wing area. The 
powerplant accessories are completely 
duplicated on each engine so that in 
the event of a complete engine failure 
in either unit the generator output of 
only one is lost. The output of the other 
generator is more than ample to operate 
the electrical system and accessories of 
the plane. 

At full load, the 310 will cruise at a 
speed of 205 MPH and dimb at a rate 

of 1700 feet per minute near sea-level. 
It has a range of 875 miles and a service 
ceiling of 20,000 feet. The gross weight 
is 4600 pounds and the useful load is 
1750 pounds. 

Navigation and communication are 
no problem to the pilot because the 
BRC plane is amply equipped with the 
following impressive list of navigation 
and communication equipment. 

ADF Receiver 
VHF Navigation Receiver 
VHF Communications Transceiver 
VHF Standby Transmitter 
ILS Glide Slope Receiver 
Marker Beacon Receiver 
Audio Amplifier 

If we seem as enthusiastic about our 
airplane as a child with a new toy, it is 
bxause the aircraft has become an im- 
portant part of our business operation. 
A recent business trip made by company 
executives typifies the ground that can 
be covered with this type of travel. The 
BRC group enplaned for a mid-morning 
departure from Morristown, New Jersey 
and arrived for a luncheon business 
meeting in Cleveland. They departed in 
mid-afternoon, arriving in Chicago late 
that same afternoon for meetings and 
dinner. After dinner, they left for 
Omaha, where they remained overnight. 
Departing the next morning, they ar- 
rived in Denver in time for noon ap- 
pointments. W e  doubt that such a 
schedule could be maintained utilizing 
public transportation facilities. 

ANOTHER Q METER CONTEST 

In 1955, and again in 1957, BRC 
awarded Type 160-A Q Meters to lucky 
persons who visited the BRC booth at 
the IRE shows held in New York City 
in March of those years. The first 
award was determined by means of a 
drawing of registration cards filled out 
by guests at the BRC booth. In 1957 
a ntw twist was added when guests 
were invited to estimate the Q of a 
specially wound coil exhibited at the 
booth, the person guessing closest to 
the actual measured Q being awarded 
the Q Meter. 

The latter contest stimulated so much 
interest at the show last year that BRC 
has decided to sponsor a similar con- 
test this year. A factory reconditioned 
160-A Q Meter will be awarded again 
to the person whose Q estimate is clos- 
est to the measured Q of the “mystery” 
coil. Be assured that the coii will be as 
weird in shape and dimension as the 
fiendish minds of the BRC engineers 
can make it. See the coil, together with 
the Q Meter,.at the IRE show in New 
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unbalanced sections the balanced and
unbalanced secrions may be any length
each, provide<! that the tOtal transmis
sion length is an integral number of
half wavelengths and that the character
istic impedance of the balanced section
is exactly 4 times the characteristic im
pedance of the unbalanced section. The
[Otal transmission loss is evaluated, as
previously, by measuring R I, for the
open circuited integral half-wavelength
transmission line, locating RI , on the
Smith Chan, and measuring attenua
tion on the db scale between R = Of)

and RI" If the balanced to unbalanced
characteristic impedance ratio is not
exactly 4: 1 then the twO sections must
be each adjusted [0 exactly an integral
number of half wavelengths and the

Over six years ago, BRC entered the
business aviation field with the pur
chase of a Beechcraft Bonanza Aircraft
for executive transportation. Recently
we replaced this single-engine plane
with a multi-engine Cessna 310, shown
in the photognph. Because BRC is lo
cated on the fringe of Metropolitan
New York, an area offering three major
airports and founeen domestic airlines,
one would presume that we should have
very little use for a business aircrafr.
Quite the opposite is true: we find
the airplane to be extremely useful for
handling our business transportation
problems.

There are many advantages of owning
and operating our own business air
craft; the most apparent being the time
saved and the fact that we are not
bound by firm schedules. For example,
in order to tnvel via commercial air
lines, an executive must depart from his
office ar least 2 hours before the sche<!
uled departure time. Using the company
aircraft, he can be in the air and on his
way in 45 minutes. Since he setS his
own departure time, he can tend to

those "last minute details" before leav
ing. Also, with this type of operation,
we are nOt limited to airline-served
cities, but may use the facilities of most
of the military and civil airportS located
throughout the country.

Our new Cessna 310 may be briefly
described as a multi-engine, five-place,
low-wing monoplane with retranable
tricycle landing. gear. At a distancc in
flight it resembles a jet aircraft. This
allusion probably stems from thc large
wing-tip fuel tanks (each holds 50 gal-

[Otal uansmission loss may be evaluated
as previously.

Generally, measurementS made wilh
balanced lines are more subjea to error
than unbalanced c03xial. Primarily these
errors result from discontinuides in Z"
caused by unmatched cable connenors
and the close proximity of the balanced
sections to conducting objects. Here
again, the choices are to account for all
discontinuities, eliminate them or ne·
glect them.

References

P. H. Smith, ''Transmission Line
Calculator" Electronics, Jan. 1939.

Terman & Pettit, Electronic Meamre
menu, McGraw-Hili, 1952.
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IRe', n".... C"..na 310 ,IIawn 01 ,II" Mo"i.,.,wn
Municipal a"p.,T! wll.,,, ;, ;, bo.ed'.

Ions of fuel). 1l1C engines are a re
ciprocating type, consisting of tWO six
cylinder horizontally-opposed engines
developing 240 HP each. The fuel
tanks, together with the relatively shorr
25-foot length over-all and 36-foot wing
span add greatly to the inflight stability
of the aitcraft. The 310 is aerooynamic
ally clean in design, offering vcry low
drag resistance. This reduction in drag
resistance is accomplished mostly by
good engine and cowling design. Each
powerplant is installed in a 2 i-inch
deep cowling which is an airfoil section
contributing lift to the wing area. The
powerplant accessories are completely
duplicated on each engine so that in
the event of a complete engine failure
in either unit the generator ourput of
only one is lost. The output of the other
genetatOr is more than ample to operate
the electrical system and accessories of
the plane.

At full load, the 310 will cruise at a
speed of 205 MPH and climb at a rare
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of 1700 fcct per minute near sea-level.
It has a range of 875 miles and a service
ceiling of 20,000 f~t. The gross weight
is 4600 pounds and the useful load is
1750 pounds.

Navigation and communication are
no problem to the pilot because the
DRC plane is amply equipped with the
following impressive list of navigation
and communication equipment.

ADF Receiver
VHF Navigation Receiver
VHF Communications Transceiver
VHF Standby Transmitter
ILS Glide Slope Receiver
Marker Beacon Receiver
Audio Amplifier

If we seem as enthusiastic about our
airplane as a child with a new toy, il is
b~ause the aircraft has become an im
portant part of our business operation.
A recent business trip made by company
executives typifies the ground that can
b~ covered with this type of travel. The
BRC gtOUp enplaned for a mid-morning
departure from MorristOwn, New Jersey
and arrived for a luncheon business
meeting in Cleveland. They departed in
mid-afternoon, arriving in Chicago late
that same afternoon for meetings and
dinner. After dinner, they left for
Omaha, where they remained overnight.
Depaning the next morning, they ar
rived in Denver in time for noon ap
pointments. We doubt that such a
schedule could be maintained utili:ting
public transportation facilities.

ANOTHER Q METER CONTEST

In 1955, and again in 1957, BRC
awarded Type l60-A Q Meters to lucky
persons who visited the BRC booth at
the IRE shows held in New York City
in March of those years. The first
award was detetmined by means of a
drawing of registration cards filled out
by guestS at the BRC booth. [n 1957
a rJ\,;'w twist was added when guestS
were invited to estima.te the Q of a
specially wound coil exhibited at the
booth, the person guessing closest to

the actual measured Q being awarded
the Q Meter.

The latter contest stimulated SO much
interest at the show last year that BRC
has decided to sponsor a similar con·
test this year. A factory reconditioned
160-A Q Meter will b<o awarded again
to the petson whose Q estimate is clos
est to the measured Q of tht: "mystery"
coil. Be assured that the coil will be as
weird in shape and dimension as the
fiendish minds of the BRC engineers
can make it. See the coil, together with
the Q Meter, at the IRE show in New



BOONTON RADIO CORPORATION THE NOTEBOOK 

York City during March 24 through 
27 and judge for yourself. 

Contest rules will be the same as 
they were last year. The person who 
submits the Q estimate which is the 
closest to the actual Q of the coil, as 
measured by the BRC quality control 
engineer in the company standards 
laboratory, will be declared the contest 
winner. In case of a tie, a drawing 
will be made to decide the winner. 

If you have some measuring problem, 
drop around to booths 3101 and 3102 
at the show, we look forward to serv- 
ing you. Maybe you will win a Q 
Meter for your trouble. 

Norman 1. Riemenschneider 

BRC FIELD ENGINEERING STAFF 

Pacing the growth of the electronic 
industry in the various geographical 
areas of the Country, we have en- 
deavored to provide a staff of capable, 
well-trained field engineers to serve our 
customers in each territory. Below you 
will find a complete listing of our lo- 
cal field offices where, through a simple 
local telephone call, complete engineer- 
ing assistance on the application of our 
instruments may be obtained. In addi- 
tion, we maintain a field engineering 
group ‘it our factory in Boonton, New 
Jersey to serve the local areas and also 
to assist our representatives in special 
applications. Our present home office 
staff includes Norman L. Riemensch- 
neider ‘and George P. McCasland, and 
we thought we would take this oppor- 
tunity to introduce these engineers to 
you. 

“Norm” joined BRC in 1953 as Sales 
Engineer and has concentrated on serv- 
ing customers in the Metropolitan New 
York and Philadelphia areas. He re- 
ceived his B.S. in Electrical Engineer- 
ing from Newark College of Engineer- 
ing in 1943 and, drawing upon his 17 
years of experience in the electronic 
industry, augmented by amateur radio 
experience dating back to 1938, has 
developed a wealth of valuable applica- 
tion information that has continually 
saved countless time and effort for our 
many customers. 

“George” joined BRC just this past 
January and promises to be a welcome 

B.S. in Electrical Engineering from the 
University of Virginia in 1952 and his 

M.I.T. in 1954. With 3 years of ex- 
perience in electronic systems develop- 
ment and amateur radio experience dat- 
ing back to 1947, he is well qualified tc 
assist our customers in the solution of 
their measurement problems. George 
will be responsible for serving our cus- 
tomers in the Metropolitan Baltimore 
and Washington areas. 

If you’re attending the I.R.E. Show, 
why not drop by at Booth Numbers 
3101-2 and let Norm and George know 
of your instrumentation problems? A 
telephone call to our plant, at any time, 
will place these engineers at your service. 

M.S. in Industrial Management from L 
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gddition to our staff. He  received his George P. McCasland 
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York City during March 24 through
27 and judge for yourself.

CoOlest rules will be the same ;1.$
they were l;1.$t year. The person who
submitS the Q estimate which is the
closest to the actual Q of the coil. ;1.$
meuured by tbe BRC qU2lity concrol
enginttr in the company standards
laboratory, will be declared the COOlest
winner. In case of a rie, a drawing
will be made to da:ide the winner.

If you have some measuring problem,
drop around to booths 3101 and 3102
at the show, we look forward to serv
ing you. Maybe you will win a Q
Meter for your lrouble.

AnANTA, Goo/II;O
IIVltolS & CA,tDWHt
3133 ....."pl. o.iy•• J>l.(.
T.I."h",,*, CEd,,, 3·1~22

IWl, A,T 987

IINGHAM-JON, N .... Yo'~

( A OSSMA,NN & A,ssoc .. tNC.
1.1 f,o'" S""'*1
V••",I, N.w ''''~
l.t.......... ENd;,o" '-(1296

lonON, MoB<l"cIt....tt.
Ii'fSUU/I\ENT .t.Moc1A,ns13U __ItsA,_

":I':;f..-.H, -..T , /IIt ..;- 1_2922
TWX, A,U /l\AU,. 'lSJ

CHICAGO.5 lII;no"
CroSSLEY A,55O'S•• INC.
2711 W.., Howo,d Sf.
T.~, SKoldo-o~. 3-.~

lWX CGjQlS

BRC FIELD ENGINEERING STAFF

Pacing the growth of the electronic
industry in the various geographical
areu of the Country. we m"e en
deavored to provide a staff of capable.
well·trained field engineers to ~TVe our
customers in each territory. Below you
will find a complete listing of our lo
cal field offices where, through a simple
local telephone call. complete enginttr
ing assistance on the applicuion of our
instrumems may be obtained In addi
tion, we maintain a field engint:cring
group at our factory in BoontOn, New
Jersey to serve Ihe local art:as and also
to assist our representatives in special
applications. Our prescl1l home office
staff includes Norman L. Riemensch
neider 'and George P. McCasland, and
we thought we would lake Ihis oppor·
tunity to introduce lhese engineers to,ou.

"Norm" joined BRC in 1953;1.$ Sales
Eoginttr and has concentrated on serv
ing customers in the Metropolitan New
York and Philadelphia areas. He re
ceived his B.S. in EIMriCilI Engineer
ing from Newuk College of Engineet
ing in 1943 and, drawing upon his 17
years of experience in the elMronic
industry. augmented by amateur radio
experience dating back to 1938. has
developed a wealth of valuable applica
tion informacion that has continually
saved rountl~ time and effort for our
many customers.

"George" joined BRC JUSt this past:
January and promises to be a welcome
addilion to our staff. He received his
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B.S. in Electrial Engineering from the
University of Virginia in 1952 and his
M.s. in IndUStrial Management from
M.I.T. in 1954. Wi,h 3 years of ex
perience: in dectronic systems develop
ment and amateur radio experience dat·
ing back to 1947. he is ",'ell qualified to
assist our customers in the solution of
their measure:ment problems. George
will be responsible for serving our cus·
tomers in the Metropolitan BalTimore
and \Washington areas.

If you'rc :mending the I.R.E. Show,
why nOt drop by at Booth Numbers
3101·2 and lct Norm and George know
of your instrumentation problems? A
telephone call to our plant, at any time,
will place these engineers at your service.

P ..n,.~ '0 U.S.A.
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I The oscillator in an accurate fm sys- 
tem has two rather incompatable re- 
quirements impressed upon it. First, it 
must be stable: its frequency must not 
change so much as 0.001% under the 
influence of environment, input voltage 
changes, or prolonged usage. On the 
other hand, it must respond cheerfully 
and faithfully to a command to deviate 
from its assigned frequency according to 
an applied modulating wave and return 
instantly to its preassigned frequency 
when the impressed voltage is removed. 
Of course, these demands upon an oscil- 
lator in an fm system are not impossible 
to meet, nor are they new. FM transmit- 
ters, employing many different tech- 
niques, have fulfilled these requirements 
for many years. Some of these methods 
are much too complicated and inflexible 
for incorporation into a portable signal 
generator, and therefore have been dis- 
counted for this discussion. Instead, a 
system will be presented which has been 
developed specifically for use in a crystal 
controlled signal generator ( Figure 1 ) , 
but whose accuracy features make it 
equally suitable for use in a transmitter. 

F M  Oscillator 

Basically the oscillator to be used is a 
simple triode oscillator with a tuned 
plate circuit (Figure 2 ) . A conventional 
reactance tube circuit has its plate tied 
to the oscillator plate. In this case 'the 
70" phase shift to the grid is such that 
the current through the tube lags the 
voltage across it by 90" and the react- 
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Figure 1 ,  Block Diagram of Overall System. 

ance tube looks like an inductance whose 
value can be varied by varying the con- 
trol grid voltage. An ac voltage applied 
to the control grid modulates the oscil- 
lator in the prescribed manner by vary- 
ing the reatcance tube inductance. 

To keep the center frequency where 
it belongs, a monitoring device con- 
stantly monitors the number of cycles of 
rf occurring in a unit of time. This unit 
of time is long compared to a cycle of 
modulation, but short enough to correct 
for the factors which will bring about 
unwanted frequency shifts such as ther- 
mal changes, filament voltage drifts, and 
the slow changes that might occur in 
component values. Fortunately all of 
these normal instability factors are meas- 
ured in seconds or longer, while the 
modulation periods are no longer than 
1/20 of a second. The frequency moni- 
tor then applies a dc voltage to the re- 
actance tube grid, bringing about a 

steady-state change in inductance which 
is of the proper direction and amplitude 
to correct the center frequency. 

Reference Oscillator 

The first objective in the frequency 
monitoring system should be to establish 
a stable reference to which the oscillator 
can be compared. A natural choice for 
this is a crystal oscillator operating near 
the unknown frequency. The reference 
oscillator chosen here is a conventional 
two-tube Butler oscillator (Figure 3 ) 
operating on the fifth overtone of a 
series resonating crystal, which is kept 
in a temperature-controlled oven for fre- 
quency stability. The fm oscillator and 
reference oscillator frequencies are mixed 
in a suitable device and the difference 
frequency is then monitored. Since the 
unknown varies back and forth with 
modulation, some offset is required to 
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Reference Oscillator

The first objel:rive in the frequency
moniroring syslern should be to establish
a stable reference ro which the oscillator
can be compared. A namral choice fOt
this is a crystal oscillator operating near
the unknown frcquency. The reference
oscillator chosen here is a conventional
CWO-tube Butler oscillator (Figure 3)
opernring on the fifth overrone of a
series resonaling crystal, which is kept
in a temperature-controlled oven for fre
quency srabiliry. The fm oscillator and
reference oscillaror fre<:Juencies are mixed
in' a suitable dcvice and che difference
frequency is rhen monitOred. Since the
unknown varies back and forth Wilh
modulation, some offsec is required to

steady-state change in inducmnce which
is of the propeL dir('(:tion and amplitude
ro correa the cemer frequency.
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ance rube looks like an inductance whose
value can be varied by varying the con
nol grid voltage. An ac voltage applied
to dle conuol grid modulates rhe oscil·
lator in the prescribed manner by vary
ing dle reaccance rube inductance.

To keep the center frequency where
it belongs, a monitoring device con
stantly monitOrs the number of cycles of
rf occurring in a unit of time. This unit
of time is long compared to a cycle of
modulation, but short enough to corr('(:t
for the factors which will bring about
unwanced frequency shifts such as ther
mal changes, filament voltage drifts, and
the slow changes that might occur in
component values. Fortunately all of
these normal insrability facrors are meas
ured in s('(:onds or longer, while rhe
modulation periods are no longer than
lj20 of a second. The frequency moni
ror then applies a dc voltage ro the re
actance tube grid, bringing about a
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The oscillatOr in an accurate fm sys
tcm bas twO t'ather incomparable re
quirements impressed upon it. First, it
must be stable: its frequency must not
change so much as 0.00 1% under the
influence of environment, input voltage
changes, or prolonged usage. On the
other hand, it must respond cheerfully
and faithfully co a command [0 deviate
from its assigned frequency according to
an applied modulating wave and return
instantly to its preassigned frequency
when the impressed volmge is removed.
Of course, these demands upon an oscil
huor in an fro system are not impossible
to meet, nor aTc they new. FM transmit
ters, employing many different tech
niques, have fulfilled these requirements
for many years. Some of these methods
arc much tOO complicated and inflexible
for incorporation intO a portable signal
generaror, and therefore have been dis
counted for this discussion. Instead, a
system will be presented which has been
developed specifically for use in a crystal
controlled signal generatOr (Figure I),
bur whose accuracy features make it
equaIJy suitable for use in a transmieter.

FM Oscillator

Basically the oscillator to be used is a
simple triode oscillator with awned
plate circuit (Figure 2). A convemional
reaCtance cube circuil has its platc tied
to the oscillator plate. In this case 'the
90° phase shift ro rhe grid is such lhac
the current through the cube lags che
voltage across il by 900 and the react-
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insure that the difference observed is 
always in the same direction. If this 
were not done, and should the difference 
pass through the zero beat, the result 
would lead to ambiguity because a cer- 
tain frequency difference would produce 
the same beat note, whether it were 
above or below the reference. 

A difference frequency of 100 kc was 
chosen for this system because the widest 
deviation to be expected would be 75 
kc. This allows 2 5  kc of safety before 
zero beat is reached. If broader devia- 
tion were required, wider separation 
would have been considered. To con- 
sider specific numbers, the frequencies 
selected for the system are 48 mc for 
the carrier and 47.9 mc for the reference 
oscillator. 

By adding the reference, the require- 
ments put upon the frequency monitor 
are greatly relaxed. For example, a re- 
quirement of 0.001% maximum error 
at  48 mc represents a frequency error of 
480 cycles. Four hundred and eighty 
cycles out of the 100-kc difference on 
the other hand is roughly 1/2%. This is 
approximately a 500 to 1 reduction in 
the stability which will be required of 
the frequency monitoring device. Using 
this approach, it is obvious that it is de- 
sirable to reduce the difference fre- 
quency to a minimum which is set by 
the requirements for modulation. 

In practice, it is necessary to'separate 
the carrier oscillator from the mixer 
where the 100-kc difference is gener- 
ated, in order to prevent modulation of 
the carrier oscillator by the 100-kc 
difference frequency. Two cascaded, 
grounded-grid amplifiers with capacitive 
voltage dividers are employed te reduce 
the net stage gain to unity and increase 
the isolation. This reduces the inci- 
dental AM caused by the 100 kc, to a 
level well below 1/2 %. 

Discriminator 

A counter-type frequency discrimina- 
tor (Figure 4 )  is used to measure the IF 
and produce a dc output proportional to 

- 1 

Mo% I-- 

DC CONTROL - 
CIRCUIT 

Figure 2. Reactance Tube Oscillator. 

this frequency. In this circuit, a low- 
value capacitor is charged to a fixed 
voltage on each positive cycle and dis- 
charged into a high-value capacitor on 
each negative half cycle. A resistor con- 
nected across the high-value capacitor 
constantly discharges it. The voltage on 
the high-value capacitor therefore is di- 
rectly proportional to the rate at which 
the charging cycles occur, since. each 
charging cycle delivers a constant charge 
(Q = CE; C being the low-value ca- 
pacitor and E the fixed voltage to which 
this capacitor charges). 

limiters 

To assure constant charging voltage, 
several stages of limiting are included 
between the mixer, where the 100-kc 
IF is produced, and the discriminator. 

15on T 

There are four stages which build the 
100-kc voltage up and limit it to a con- 
stant 200 volts peak to peak. The voltage 
into the discriminator is necessarily kept 
quite high to assure a sizeable output 
from the discriminator. This is necessary 
to insure that the discriminator output is 
high compared to thermal voltages and 
the voltages generated by cathode emis- 
sion in the dc amplifiers which follow 
in the circuit. 

Detector 

There is still a possibility of instability 
in the output of the discriminator, be- 
cause the output of the limiters can 
fluctuate slightly with changes in supply 
voltages and component values. A 
change in the limiter output will result 
in a change in discriminator output 

LOW Q TANK 

47.9 MC 

Figure 3. Reference Oscillator. 
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Detector

lbere is still a possibility of instability
in the OUtput of the discriminator, be
cause the OUtput of the limiters can
fluctuate slightly with changes in supply
voltages and component values. A
change in rhe limiter OUtpUt will result
in a change in discriminator output

B+

LOWQ TANK
......TUNEDTO

47.91lC

There arc four stages which build the
lOO-kc voltage up and limit it to a con
Stant 200 voltS peak to peak. The vO[lllge
inco the discriminaror is necessarily kept
quite high to assure a sizeable: OUtput
from the discriminator. This is nC'Cessary
to insure that the discriminator OUtput is
high compared to thermal VOllllgt'S and
Ihe voltages genelllted by cathode emis
sion in rhe de amplifiers which follow
in Ihe circuit.

47 ~f

330-"-

~----jDI------'
47.9MC

OVERTONE

22K

DC CONTROL -",
CIRCUIT

this frequency. In this circuit, a low
value capacitor is charged to a filted
voltage on each positive cycle and dis
charged into a high-value capacitOr on
each negative half cycle. A resistor con
nected across the high-value capacitor
consrandy discharges it. The voltage on
the high-value capacitor thvefore is di
tecdy proponiooal to the tale It which
the charging cycles occur, since. each
charging cycle delivers I COllSlant charge
(Q = CE; C being the low-value ca
pacitor aoo E the fixed "oIlllge to which
this capacitor charges).

limiters

To .assure COnslllnt charging vo[tlIge,
several Stages of limiting are included
between the mixer, where the lOO-kc
IF is produced, and the discriminator.

B+

15~

OUTPUT-----.

insure that the difference observed is
always in the same direction. If this
were not done, and should the difference
pass through the zero beat, the result
would lead to ambiguity because (I cer
tain frequency difference would produce
the same beat nOtc, whcther i[ werc
abovc or below the reference.

A difference frequency of 100 kc was
chosen for this system because the widest
deviation to be expected would be 75
kc. This allows 25 kc of safety before
zero beat is reach~. If broader devi.a
tion were requiral., wider separation
would h.ave been consideral.. To con
sider specific numbers, the frequencies
selected for the system are 48 me for
the arrier and 47.9 mc foe the reference
oscill.ator.

By adding the reference, the require
ments put upon the frequency monitor
.are greatly rdued_ For ex.ample, a re
quirement of 0.001 % m.aximurn error
.at 48 me representS .a frequency error of
480 cycles. Four hundred and eighty
cycles OUt of the lOO-kc difference on
the other hand is roughly 1,.7%. This is
approximlUely a 500 to I reducrion in
the srnbiliry which will be required of
the frequency monitoring device. Using
rhis approach, it is obvious that it is de·
sirable to reduce the difference fre
quency to a minimum which is SCt by
the requirements for modulation.

In practice, it is necessary to' separate
the carrier oscillator from the mixer
where the 100-kc difference is gener
ated, in order to prevent modulation of
the carrier oscillatOr by the lOO-kc
difference frequency. Two cascaded,
grounded-grid amplifiers with capacitive
vollllge dividers are emplO)'ed to reduce
the net SCllgc gain to unity and increase
the isolation. This reduces the inci·
de:nral AM aused by dIe 100 kc, to a
level well below ~%,

Discriminator

It counter-type frequeocy di5Crimina
tor (Figure 4) is used to measure the 1F
and produce a dc OUtput proportional to rig..,. 3. Ref.,• ...,. Oocillolo,.
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Figure 4. Frequency Counting Discriminator. 

which is exactly proportional to the 
change in limiter output. In order to 
cancel out any such instability, a peak- 
to-peak diode detector is also coupled 
to the output of the limiter. The output 
of this detector is relatively independent 
of frequency, but varies directly with 
peak amplitude. 

Differential DC Amplifiers 

The discriminator output is connected 
to one input of a differential dc ampli- 
fier, and the output of the peak-to-peak 
detector is connected to the other input 
of the differential dc amplifier. Since 
the output of the peak-to-peak detector 
is much higher than the output of the 
discriminator, it must be first divided 
down to match the output of the dis- 
criminator. The differential dc amplifier 
is so designed that only a difference be- 
tween the two inputs will result in an 
output variation. If both inputs vary 
simultaneously, as would result from a 
limiter output level change, no change 
in output results. However, should the 
frequency change, only the output of 
the discriminator would vary and an 
output change would appear amplified 
in the output of the differential dc 
amplifier. 

The output of the differential am- 
plifier is amplified further in another 
dc amplifier and then coupled back to 
the grid of the reactance tube. Inasmuch 
as the output of the last dc amplifier is 
at a plate voltage level, it is necessary to 
refer this output down to the grid 
voltage of the reactance tube. This is 
accomplished by returning a voltage 
divider off the plate of the dc amplifier 
to a negative supply of roughly -150 
volts. Since the plate voltage is about 
+150 volts in this case, a tap about half 
way down the divider results in proper 
grid potential with a loss in forward 
gain or only 6 db. 

With the grid connected to the out- 

put of the dc amplifier the system will 
react strenuously against any change in 
frequency. The forward gain following 
the discriminator is sufficient to reduce 
any change in the natural resonant fre- 
quency to less than 1/ 100 of that change. 

AFC Defeat 

As might be expected, there is a flaw 
in this scheme. When the control circuit 
is first energized and the supply voltages 
are building up at various rates, it is 
possible that the 48-mc oscillator, under 
the influence of a reactance tube warm- 
up transient, might be forced down to 
47.8 mc. This would result in 100-kc 
difference between the reference oscil- 
lator and the fm oscillator; the same dif- 
ference obtained with the fm oscillator 
operating at 48 mc. The trouble here is 
that the phasing in the system is re- 
versed. Normally an increasing fre- 
quency would result in an increasing 
difference. In this case however, an in- 
crease in the fm oscillator frequency 
will result in a decrease in the 100-kc 
difference. The system is so phased that 
a decrease in IF results in a voltage 
coupled to the fm oscillator which will 
increase the oscillator frequency, and 
result in pushing the oscillator back to 
where it belongs. This is true as long as 
the frequency never gets lower than 
47.8 mc. Should the frequency fall be- 
low 47.8 mc, the IF would be higher 
than the normal 100 kc. The discrimi- 
nator would then operate as if the fre- 
quency were too high, resulting in an 
output to the reactance tube grid which 
is in the direction to lower the oscil- 
lator frequency. Once thi saction starts, 
there is no stopping it until all of the 
amplifiers and the reactance tube are 
saturated and can go no further. 

To break this deadlock, a momentary 
switch is added which breaks the AFC 
loop (Figure 1 )  and connects the re- 
actance tube grid to a fixed voltage 

which is its normal operating voltage. 
This allows the oscillator to return to a 
point close to 48 mc. When the loop 
is closed again, the AFC action returns 
to normal and the 48-mc frequency is 
restored. 

Electric-Eye Indicator 

A 6E5 indicator tube is used as an 
indication of proper operation. When 
the output of the last dc amplifier is 
normal, the eye is approximately half 
open. If the system is out of control, 
the eye is completely closed. Therefore, 
anyone observing the eye will get an 
immediate indication of proper or im- 
proper operation of the system. Since 
the gain of the dc amplifier is quite 
high it takes little change in frequency 
to cause the eye to go from the full- 
open to the full-closed condition. 

Another use i s  made of this indicator. 
It is desirable that the reactance tube 
operating point be fairly constant since 
it is being used for fm modulation. In 
time, a drift in component values would 
result in the operating point of the re- 
actance tube being shifted far off to 
one side of the linear range in order to 
hold the frequency accuracy, causing 
the modulation distortion to increase. 
To correct for this, an oscillator fine 
trimmer is coupled to the momentary 
AFC disabling switch in such a manner 
that the operator can depress the switch 
button and then turn it, causing varia- 
tion of the internal trimmer capacitance. 
Proper frequency is indicated at the 
point where the eye begins to change 
from the open to the closed condition 
or vice versa. The actual frequency 
range spanned from the full-open to 
the full-closed condition is so small that 
exact adjustment to the half-open con- 
dition is not possible. This is of no con- 
sequence because exact adjustment will 
be automatically attained when the con- 
trol loop is restored. What is important 
here, is that the frequency is close 
enough so that no large shift in th 
enough so that no large shift in the 
reactance tube operating point is re- 
quired. The range of the trimmer is 
small enough and so centered that one 
could never reach 47.8 mc. If it were 
possible to reach 47.8 mc, the IF would 
again be 100 kc and ambiquity would 
result. Because the drifts being compen- 
sated for are relatively small, a range 
of more than 100 kc is unnecessary. 

Voltage Regulation 

In order to obtain the desired sta- 
bility from this system, all dc power sup- 
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which is it.s normal operaring voLrage.
This allows the oscillator to return to a
point close to 48 me. When the loop
is closed again, the AFe action returns
to normal and the 4B-mc frequency is
restored.

Electric.Eye Indicator

A 6E5 indicator tube is used as an
indication of proper operation. \'(!hen
the output of the last dc amplifier is
normal, the eye is approximately half
open. If the system is Out of comrol,
the eye is completely dosed. Therefore,
anyone observing the eye will get an
immediate indication of proper or im
proper operation of the system. Since
the gain of the dc amplifier is quite
high it rakes little change in frequency
to cause rhe eye to go from the full
open to the fulJ-dosed condition.

AnOther use is made of this indicator.
It is desirable that [he reaCtance tube
operating point be fairly constant since
it is being used for fm modulation. In
time, a drifr in component values would
result in the operating point of the re
aCtance tube being shifted far off to
one side of the linear range in order (Q

hold the frequency accuracy, causing
the modulation distortion to increase.
To correct for this, an oscillator fine
trimmer is coupled to the momentary
AFC disabling switch in such a manner
that the operator can deprcss the swirch
buttOn and then turn it, causing varia
tion of the internal trim,ner capacitance.
Proper frequency is indicated at the
point where the eye begins to change
from the open to the dosed condition
or vice versa. Thc actual frequency
range spanned from the full-open to
The full-closed condition is so small that
exact adjustment to the haIf-open con
dition is not possible. This is of no con·
sequence because exact adjustment will
be automarically attained when the con
trol loop is restored. What is important
here, is that the frequency is close
enough so thar no large shift in th
enough so that no large shift in the
reactance rube operating point is rc·
quired. The range of the trimmer is
small etlough and so centered that one
could never reach 47.8 me. If i( were
possible to reach 47.8 mc, che IF would
again be 100 kc and ambiquiry would
result. Beatlse the drifts being compen
sated for are relatively small, a range
of more than 100 kc is unnecessary.

VoltClge RegulCltion

In order to obtain the desired sta
bility from this system, all dc power sup-

put of The dc amplifier the system will
reaC( strenuously against any change in
frequency. The forward gain following
the discriminator is sufficient to reduce
any change in the natural resonant fre
quency to less than l/ loo of thac change.

AFC Defeat

As might be expected, there is a flaw
in rhis scheme. When the control circuit
is first energized and the supply voltages
are building up at various ratcs, it is
possible That the 4S-mc oscillator, under
the influence of a teactance tube warm
up rransient, might be forced down to
47.8 mc. This would resuli: in 100-kc
differencc berween the reference oscil
lator and the fm oscillator; the same dif
ference obtained with the fm oscillator
operating at 48 mc. The rrouble here is
that the phasing in the system is re
versed. Normally an increasing fre
quency would result in an increasing
difference. In this case however, an in
crease in the fm oscillator frequency
will result in a decrease in the lOO-kc
difference. The system is so phased that
a decrease in IF resulTs in a voltage
coupled to the fm oscillatOr which will
increase the oscillator frequency, and
result in pushing the oscillator back to
where it belongs. This is true as long as
the frequency never gets lower than
47.8 me. Should the frequency fa1l be
low 47.8 me, thc IF would be higher
than the normal 100 kc. The discrimi
naror would then operate as if the frc
quency were tOO high, resulting in an
OUtput to the reaCtance tube grid which
is in the direCtion to lower the oscil
lator frequency. Once thi sactiOn startS,
there is no stopping it until all of the
amplifiers and the reactance tube are
saturated and can go no further.

To break this deadlock, a momentary
switch is added which breaks the AFC
loop (Figure 1) and conne<:ts the re
acrance tube grid to a fixed voltage

OC VOLTAGE VARIES
WITH fREQ. r--l t----.

I -\......~Ir_-1~M~+~INPUT.. TO
Dlff
AMP.

which is exactly proportional to the
change in limiter Output. In order to
cancel out any sud} insrability, a peak.
co·peak diode detector is also coupled
to tbe output of the limiter. The OutpUt
of this detector is relatively independent
of frequency, but varies directly with
peak amplitude.

Differential DC Amplifiers

The discriminator Output is connened
to one input of a <Iiffcrential dc ampli
fier, and the OUtpUt of the peak-to-peak
detector is connected to thc othcr input
of the differential dc amplifier. Since
the Output of the peak-to-peak detectOr
is much higher than the Output of the
discriminator, it must be first divided
down to match thc output of the dis
criminator, The differential dc amplifier
is so designed that only a difference be
tween the tWO inputs will result in an
output variation. If both inputs vary
simultaneously, as would result from a
limiter output Icvel change, no change
in outpUt results. However, should the
frc<juency change, only the outpUt of
the discriminatOr would vary and an
output change would appear amplified
in the Output of the differential dc
amplifier.

The output of the differential am
plifier is amplified funher in another
dc amplifier and then coupled back to

the grid of the reanance tube. Inasmuch
as the Output of the last dc amplifier is
at a plate volmge level, ir is necessary to
refer this output down to the grid
volmge of the reacrance rube. This is
accomplished by returning a voltage
divider off the plate of the dc amplifier
to a negative supply of roughly -150
volts. Since the plate volmge is about
+ 150 volts in this case, a rap about half
way down the divider results in proper
grid fl:Otential with a loss in forward
gain or only 6 db.

\\7ith the grid connected to the Out-

200Vil:~/-4-,71'~I'_f-+,
LIMITER
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plies are well regulated against line 
fluctuations and all filaments in the dc 
amplifiers and discriminator circuit are 
regulated by a ballast-type regulator. 
However, even with this regulating sys- 
tem, small variations in frequency re- 
sult from the small changes in filament 
voltage and, to a lesser degree, from 
small changes in dc potentials. To elimi- 
nate this problem a simple line voltage 
compensator (Figure 4 )  has been em- 
ployed. The compensator, consisting of 
two 6AL5 diode sections connected in 
series, produces a few tenths of a volt 
as a result of cathode emission; the vol- 
tage varying with line voltage. If a part 
of this voltage is placed in series with 
one of the dc amplifier grids, and the 
polarity and level is adjusted properly, 
all frequency variations due to line vol- 
tage can be cancelled. The relationship 
between filament voltage and this cor- 
rection voltage is not very linear, but 
since the GAL5 tubes are also regulated 
by the same ballast that regulates the 
critical stages, their voltage swings very 
little. A small section of this curve is 
fairly straight and the correction is quite 
useful. In practice, the amount of the 
voltage coupled in series with the grids 
from the diodes is adjustable and the 
frequency can be made remarkably in- 
dependent of line voltage. Since almost 
all line instability is due to the filament 
shift, the time constant of the correction 
is also well matched. 

Figure 5. FM Unit for Type 242-A Signal 
Generator. 

BRC Type 242-A Signal Generator 

In the BRC Type 242-A signal gen- 
erator, where it is used, the system dis- 
cussed here maintains a frequency ac- 
curacy of 0.0005%. It produces fre- 
quency modulation of 75 kc deviation 
with audio frequencies well over 100 
kc, with less than 1% distortion. The 

output of the system is added to one of 
150 different crystal frequencies. The 
sum frequency is then multiplied by 4 
to produce 1-mc channels running from 
400 to 550 mc at a maximum deviation 
of 300 kc (75 times 4 ) .  

Because the Type 242-A is designed 
to operate in an ambient temperature 
range of -40°F to +137OF, the entire 
fm oscillator control circuit is contained 
in a chamber in which the temperature 
is thermostatically controlled. This would 
not be necessary at normal room ambient 
range as the internal thermostat only 
holds within I+lO°F. 

0 

Conclusion 

The general principles and circuitry 
used in the system described here could 
be easily applied to any simple channel 
fm oscillator such as a transmitter It is 
obviously not suited to variable fre- 
quency operation, but through the use 
of the adding system employed in the 
Type 242-A, could be a part of a flex- 
ible system. 

As designers and manufacturers of 
laboratory signal generators since 1941, 
we have come to establish certain stand- 
ards of performance for this type of in- 
strument which should be of interest to 
both the designer and the user. While 
some of these standards may be termed 
implied and form a nucleus of “unwrit- 
ten specifications”, they are, in many 
cases, of paramount importance in the 
selection of a signal generator for a par- 
ticular application. In this article, an 
attempt will be made to outline these 
standards of performance which actually 
underlie our design philosophy. 

A signal generator, in the broadest 
sense, may be defined as a precise signal 
source of known, stable, and controllable 
characteristics. Basically, the device must 
generate a signal of known frequency, 
level, and modulation and may be speci- 
fied in terms of accuracy, settability, 
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readability, stability, reliability, and con- 
venience. 

Accuracy 

Here we are concerned with the 
absolute accuracy of frequency, output, 
and modulation. For a device to qualify 
as a signal generator, in terms of the 
current state of the art, frequency ac- 
curacy must, in general, be better than 
1% at all points within its range. All 
unwanted spurious outputs should be 
minimized to a level at least 30 db be- 
low the desired output frequency. Out- 
put must be directly calibrated to an 
accuracy of between 1% and 20%, de- 
pending upon the region of the fre- 
quency spectrum within which the d- 
vice operates, with accuracy generally 
decreasing with increasing frequency. 
Output level must be continuously vari- 

able over a range of from roughly 10% 
to typical system sensitivities to better 
than 1000% of this value. Basic ac- 
curacy must be maintained at all output 
levels at  a constant impedance, and leak- 
age should be negligible at the lowest 
calibrated output level. 

Modulation, whether amplitude, fre- 
quency, pulse, or phase, should be di- 
rectly calibrated to better than 10% and 
should be continuously variable over a 
range covering all current system re- 
quirements. Unwanted modulation by- 
products; e.g., incidental fm, or am on 
fm, must be reduced to a negligible 
level and the modulation system must 
operate with specified accuracy over the 
range of modulating frequencies nor- 
mally encountered in system operation. 
Modulation purity, or distortion, must 
also be minimized to provide a signal 
that will permit accurate evaluation of 
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plies are well regulau~d against line
fluauations and all filaments in the dc
amplifiers and discriminator circuit are
regulated by a ballasc-rype regulator_
However, even with this regulating sys
tem, small variations in frequency re
sult from the small changes in filamcm
volcage and. to a lesser degree. from
small changes in dc potentials. To elimi
nate this problem a simple line voltage
compensator (Figure 4) has bcc:n em
ployed. The compensator, COfl5isting of
rwo 6AL5 diode .sections connected in
series. produces a few tenths of a volt
as a result-of cathode emission; Ihe vol
rage varying wilh line voltage, If a part
of rhis ,'oltage is placed in series with
one of the dc amplifier grids. and the
polarity and level is adjusted properly,
all frequency vatiations due 10 line vol
roge can be cancelled. The relationship
betwccn filament voltage and this cor
rection voltage is mx very linear, but
since the 6Al.5 rube$. are also regulated
by the same ballast that regulates the
critical stages. their volrnge swings very
Iiltle. A small section of this curve is
fairly 5I!'1ight and the correction is quite
useful In practice. the amoum of the
volcage coupled in series with the grids
from Ihe diodes is adjusuble and the
frequency can lx- made remarkably in
dependent of line vo/cage. Since almost
all line iosubiliry is due to the filament
shifr, the time conswu of the correction
is also well matched..

lill""O 5. 1M U..n '0' l~... 242_A Sig..ol
Go..., ..,o,.

BRC Type 242-A Signal Generator

In the BRC Type 242-1. signal gen
erator, where it is u~. th~ sysrem dis
cussed here mainuins a frequency ac
curacy of 0.0005%. It produces fre
quency modullllion of n kc deviation
with audio frequencies well over 100
kc, with less than I% distortion. The

OUtput of the system is added to one of
150 different crysul fr~ueodes. The
sum frequency is then multiplied by 4
to produce I-me channels running from
400 [0 550 me at a marimum deviation
nf 300 kc (75 times 4).

Because the Type 242-A is designed
to operate in an ambient tempcrat\lre
range of _40°F to +13JOF, the entire
fm oscillator control circuit is conl'lined
in a chamber in which tbe temperat\lU'
is thermostatically controlled. This would
DOt lx- necessary at normal room ambient
range as the internal thermOStat only
holds within ± 10°F.

Conclusion

The general principles and circuitry
used in the system described here could
be easily applied to any simple channel
fm oscillator such as a transmitter Ie is
obviously nOt suited to variable fre
quency operation, but thrOUgh lhc use
of the adding system employed in the
Type 242-1.. could 1x- a pan of a flex
ible system.
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HARRY J. LANG, Sales Mdnager

As designers and manufacturers of
laboratory signal generatOrs since 1941,
we have come to establish certain scand·
ards of performance for this rype of in·
suumem which should be of interest to
both the designer and the user. While
some of Ihese srnndards may be termed
implied and form a nucleus of "unwrit
ten specificarions", they aJ"C, in many
c:::ues, of paramount impottanCe in the
sclection of a signal generator for a par
ticular application. In this 2rtic1e, an
allcmpc will lx- made to outline these
.standards of performance which actually
underlie out design philosophy.

A signal generator. in the broadest
sense:. may lx- defined as a ptecise signal
source of known, stable, and conuollable
ch2racrcrisrics. Basically. the device mUSt
generate a signal of known frequency,
level, and modulation and may lx- speci
fied in terms of accuracy. scttabiliry.

readability. stability. reliability. and con
venience.

Accurocy

Here we are concerned with the
absolute accuracy of frequency, OUtpUt.
and modulation. For a device to qualify
as a signal generalor. in terms of the
current state of the art. frequency ac
curacy must. in genera~ lx- better than
I% at all points within its range. All
unwanted spurious OUtputs should 1x
minimized to a level at least 30 db be
low the desired OUtput frequency. Out
put must lx- directly calibrated to an
accuracy of bctwc:cn I% and 20%, de
pending upon the region of the fre
quency spectrum within which the de
vice operates, with accuracy generally
decreasing with increasing frequency.
Output level must lx- continuously vari-
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able over a range of from roughly 10%
10 typical system sensitivities to better
than 1000% of this value. Basic ac·
curacy must 1x- maintained at aU OUtput
levels at a coostant impedance. and leak·
age should be negligible at me lowest
calibrated OUtput level.

Modulation, whether amplirude, fre
quency, pulse. or phase, should lx- di
recdy calibrated to lx-tter thaD 10% and
should lx- continuously variabJe over a
range covering all rorrent system re
quirements. Unwanted modulation by_
productS; e.g., incidcotal fm, OJ: am 00

fm, must 1x- reduced to a oegligible
ll!VeI and the modulaLion system must
operate with specified accutacy ova the
range of modulaling frequencies nor
mally encountered io system operation.
Modulation purity. or distortion. must
also lx- minimized 10 provide a signal
that will permit acrorate evaluation of
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Figure 1.  Type 150-A Signal Generator, 
First FM Signal Generator to be Manufac- 
tured by BRC. 

the distortion products generated within 
the system under test. 

Settability 

Here, again, we are concerned with 
the fundamental characteristics of fre- 
quency, output, and modulation with 
basic requirements dictated by the sys- 
tem to be tested. Settability may be 
generally specified at better than 10 
times basic accuracy and modified by 
special system requirements. For ex- 
ample, narrow-band, crystal-controlled 
communication receivers require fre- 
quency settability in the order of 0.001 %. 

The matter of repeatability of settings 
also becomes extremely important since, 
in many cases, the generator as a devel- 
opment tool, is used to sense minute 
changes in circuit characteristics rather 
than absolute values. Furthermore, since 
certain specialized applications may re- 
quire individual calibration of genera- 
tors to a fraction of their generally speci- 
fied accuracy, the calibration accuracy 
that can be obtained will be directly 
determined by both settability and re- 
peatability. 

Readability 

While this characteristic is closely re- 
lated to both accuracy and settability, it 
is important to note that sufficient cali- 
bration points must be provided to per- 
mit direct interpolation to sepcified ac- 
curacy at all points within the operating 
range. Conversely, the use of an excess 
number of calibration markings may be 
misleading and imply a level of ac- 
curacy inconsistent with generator per- 
formance. 

Stability 

A signal generator, to perform its in- 
tended function, must provide specified 

accuracy independent of external condi- 
tions encountered in normal operation. 
Factors which must be considered in 
signal generator design, include the 
following: 
1. Input Power Supply. 

Since all commercial sources of power 
provide regulation in the order of 5%,  
and further, since laboratory or produc- 
tion line applications may be further 
aggravated by local load conditions, sig- 
nal generators must be designed to oper- 
ate with minimum line input variations 
of &lo%. 
2. Ambient  Temperature. 

Since both factories and laboratories 
may experience ambient temperatures 
varying between 50°F and 100"F, ade- 
quate compensation must be incorpor- 
ated into the generator design to provide 
specified accuracy over this range. 
3 .  Vibration. 

Since many generators will be oper- 
ated in plants where vibration from 
heavy production machinery will be en- 
countered, every effort must be made 
to reduce variations in frequency and 
output as well as spurious modulation 
from this source. 
4. Operating Cycle. 

Since most generators are not oper- 
ated on a continuous duty cycle, adequate 
provision must be made to minimize 
the warmup time required to obtain 
specified performance. 

Figure 2.  Rack Mounted View of the Type 
2 0 2 4  Signal Generator and the Type 207-F 
Univerter. 

Reliability 

Though the area of reliability is cur- 
rently under continuous discussion in 
the field of military electronics, it is 

- ~~ 

sometimes under-emphasized with re- 
spect to commercial equipment. Down- 
time and repair expense are not always 
catastrophic in the case of commercial 
test equipment, but they do represent 
lost value to the user. A well-designed 
signal generator should provide a mini- 
mum of ten years reliable service with 
only the need for occasional replace- 
ment of tubes and certain other minor 
components that may have a shorter 
life cycle. Rugged mechanical design, 
coupled with adequate derating of elec- 
trical components, is necessary for re- 
liable service. 

t 
W -  

F i g u r e  3 .  
Generator. 

T y p e  2 4 0 - A  S w e e p  S i g n a l  

Convenience 

A well-designed signal generator 
should permit simple, rapid, foolproof 
opertaion by using personnel. All con- 
trols and dials should be legibly marked 
to show their function; dial scales should 
be direct reading and readily visible un- 
der laboratory conditions with a mini- 
mum of eye strain. All front panel con- 
trols should be grouped functionally and 
should be human engineered for ease 
of adjustment. The use of correction 
charts and nomographs should be 
avoided. 

While this discussion of signal gener- 
ator performance is not intended to be 
all-inclusive, we have tried to outline 
the major considerations given to the 
design of our products in this field: 
these considerations being an outgrowth 
of experience, gained over the years, in 
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the distortion products generated within
the syStem under test.

Settability

Here, again, we are concerned with
the fundamental characteristics of fre
quency, OUtpUt, and modulation with
basic requirements diCtated by the sys
rem to be rested. Settability may be
generally specified at better than 10
times basic accuracy and modified by
special system requirements. For ex
ample, narrow-band, crystal-controlled
communication receivers require fre
quency settability in the order of 0.001%.

The matter of repeatability of settings
also becomes extremely imponant since,
in many cases, the generator as a devel
opment tool, is used to sense minute
changes in circuit ch.aracteristics rather
than absolute va.1ues. Furthermore, since
certain specialized applications may re
quiu individual calibration of genera
tOrs to a fraCtion of their gener:illy speci
fied accuracy, the calibration accuracy
that can be obtained will be directly
determined by both setrnbiliry and re
peatability.

Readability

While this characteristic is closely re
lated to both accuracy and senability, it
is important to note that sufficient cali·
br:a(ion points must be provided to per·
mit direct interpolation to sepcified ac
curacy at all poims within the oper:ating
range. Conversely. the use of an excess
number of calibration markings may be
misleading and imply a level of ac
curacy inconsistent with generator per
formance.

Stgbility

A signal generator, to perform its in
tended function, must provide specified

accuracy independent of external condi
tions encountered in normal operation.
Factors which mUSt be considered in
signal generator design. include the
following:
l. InputPowerSNpp/~

Since all commercial sources of power
provide regulation in the order of 5%.
and further. since laboratory or produc
tion line applications may be further
aggravated by local load conditions, sig
nal generators must be designed to oper
ate with minimum line input variations
of ±1O%.
2. Ambiorll Temperature.

Since both faCtories and laboratories
may experience ambient rcmpernrnres
varying between 50°F and lOO°F, ade
quate compensation must be incorpor
ated into the generator design to provide
specified accuracy over this range.
3. Vibratiun.

Since many generators will be oper·
ated in plants where vibr:ation from
heavy production machinery will be en
countered, every effon musr be made
to reduce variations in frequency and
output as well as spurious modulation
from this source.
4. OperllJing Cyde.

Since most generators are not oper
ated on a continuous duty cycle, adequare
provision must be made to minimize
the warmup time required to obtain
specified performance.
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Reliability

Though the area of reliability is cur
rently under continuous discussion in
the field of military electronics, it is
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sometimes under-emphasized with re
spect to commercial equipmenr. Down
time and repair expense are nOt always
catastrophic in the case of commercial
tCSt equipment, but they do represent
lost value to the user. A well-designed
signal generator should provide a mini·
mum of ten years reliable service with
only the need for occasional replace
ment of tubes and cerrain other minor
components that may have a shorter
life cycle. Rugged mechanical design.
coupled with adequate derating of elec
trical com'ponencs, is necessary for re·
liable servIce.
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Convenience

A well-designed signal generuor
should permit simple, rapid, foolproof
opertaion by using personnel. All con
trols and dials should be legibly marked
to show their funCtion; dial scales should
be direct reading and readily visible un·
der laboratory conditions with a mini
mum of eye strain. All from panel con
trols should !:>e grouped funccionally and
should be human engineered for case
of adjustment. The use of correction
chans and nomographs should be
avoided.

While this discussion of signal gener
ator performance is nOt intended to be
ail.inclusive, we have tried to outline
the major considerations given to the
design of our products in this field:
these considerations being an outgrowth
of experience, gained over the years, in
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Figure 4. Development and Evolution of BRC Signal Generators. 

signal generator design. In 1941, BRC 
produced the first commercial FM Sig- 
nal Generator, our Type 150-A (Figure 
1). We have continued to speciailze in 
the field of FM and now produce our 
Types 202-E and 202-F (Figure 2) 
FM-AM Signal Generators in which we 
have attempted to provide instrumenta- 
tion to meet the ever-changing require- 
ments of current day systems. The Types 
207-E and 207-F Univerters are com- 
panion accessories for these generators 
and provide extended frequency cover- 
age. Sweep Signal Generator, Type 
240-A (Figure 3 ) , ofers signal gener- 
atcr performance in a wide-band sweep 
source. The Type 211-A Crystal Moni- 
tored Signal Generator and the Type 
232-A Glide Slope Signal Generator are 
specifically designed for the testing and 
calibration of aircraft ILS and Omni- 
Range systems. Our latest, the Type 
242-A Crystal-Controlled FM Signal 
Generator provides fm outputs with 
crystal accuracy. Figure 4 historically 
traces the development and evolution of 
these products. 
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T h e  first in a series of articles in- 
tended t o  provide a capsule history 
avzd facilities report on the sales 
representatives who sell and serv- 
ice BRC products throughout the 
world. 

MEET O U R  REPRESENTATIVES 

Founded in 1937, Crossley Asso- 
ciates of Chicago, Illinois, is the oldest 
engineering sales representative organi- 
zation in the Midwest specializing in 
the field of electronic instrumentation. 
Pioneers in technical customer service, 
they have helped to establish distribu- 
tion channels for the entire instrument 
industry and have developed application 
engineering techniques and set stand- 
ards of performance for others in this 
field. 

Alfred Crossley, President and Founder 
of the compa'ny, has been active in the 
radio and electronics field since 1916 
and holds numerous electronic patents, 
Notable among these is a patent for a 

CROSSLEY ASSOCIATES 

HARRY J. LANG, S a l e s  M a n a g e r  

ALFRED CROSSLEY 
President and General Manager 

crystal-stabilized oscillator. After filling 
many key engineering posts in the radio 

industry, he entered the field of con- 
sulting engineering and subsequently 
made the transition to engineering sales 
representation in 1937. Boonton Radio 
Corporation, in order to provide a new 
level of customer service to the growing 
electronics industry in the Midwest, be- 
came the first manufacturer to engage 
the services of the newly formed engi- 
neering sales company. Crossley Asso- 
ciates thus became the first representa- 
tive for BRC products. 

Over a period of twenty-one years, 
Crossley Associates has vastly expanded 
and modernized both its facilities and 
services to keep pace with the ever- 
changing needs of the electronics in- 
dustry. With headquarters in Chicago, 
the organization now maintains three 
branch sales offices in Dayton, India- 
napolis, and St. Paul to provide local 
service for customers throughout the 
Midwest area. In three modern, well- 
equipped service laboratories, complete 
facilities are maintained for the evalua- 
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signal generator design. In 1941., BRC
produced the first commercial FM Sig
nal GeneratOr, our Type ISO-A (Figun:
I). We have continued to speciaib:e in
the field of FM and now produce our
Types 202-E and 202·F (Figure 2)
FM-AM Signal Generators in which we
have attempted [Q provide instrumenta
tion [Q meet the ever-Changing require
menrs of current day systems. The Types
207·E and 207-F Univerters are com
panion accessories for these generators
and provide extended frequency cover·
age. Sweep Signal Generator, Type
2<10-A (Figure 3), ofers signal gener
ater petformance in a wide-band sweep
source. The Type 211·A Crystal Moni
tored Signal Generator and the Type
232-A Glide Slope Signal GeneratOr are
specificaJly designed for the testing and
calibration of aitcraft ll.S and Omni
Range systems. Our latest, the Type
242-A Crystal-Controlled FM Signal
Generator provides fm Outputs with
crystal accuracy. Figure <1 historicaUy
traces the development and evolution of
these produces.
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MEET OUR REPRESENTATIVES
CROSSLEY ASSOCIATES

HARRY J. LANG, Sales Manager

The first in a series of articles in
tended 10 prOf/we a capsule history
and facilities rep01'1 on the sales
f'epresentatives who sell and serv
ice BRC products Jhroughout the
world.

Founded in 1937, Crossley Asso
ciates of Chicago, lllinois, is the oldest
engineering sales representative organi
zation in the Midwest specializing in
the field of electronic instrumentation.
Pioneers in technical customer service,
they have helped to establish distribu
tion channels for the entire instrument
industry and have developed application
engineering techniques and set stand
ards of performance for others in this
field.

Alfred Crossley, President and Founder
of the compa'ny, has been aceive in the
radio and e1ecrronics field since 1916
and holds numerous electronic patents.
Notable among these is a patent for a

ALFRED CROSSLEY
P,e.ide", ""d Go"e,of MO"0ge,

crystal-stabilized oscillator. After filling
many key engineering posts in the radio

industry, he entered the field of con
sulting engineering and subsequently
made the transition to engineering sales
representation in 1937. Boonton Radio
Corpotation, in order to provide a new
level of customer service to the growing
eleCtronics industry in the Midwest, be
came the first manufacturer to engage
the services of the newly formed engi
neering sales company. Crossley Asso
ciates thus became the fitst representa·
tive for BRC products.

Over a petiod of tWentY-ODe years,
Crossley Associates has vastly expanded
and modernized both its facilities and
services to keep pace with the ever
changing needs of rhe electronics in
dustry. With headquarters in Chicago,
the organization now maintains three
btanch sales offices in DaytOn, India
napolis, and Sc. Paul to provide local
service for CUStOmers throughout the
M.idwest area. In three modern, wel!
equipped service laboratories, complete
facilities are maintained for the evalua-
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T H E  N O T E B O O K  

Chicago Headquarters 

tion, application engineering, calibra- 
tion, and repair of all of the products 
manufactured by fourteen leading pro- 
ducers of precision electronic equip- 
ment. Clerical services are provided for 
the distribution of technical information 
and a separate department processes all 
phases of customer orders including 
placement, expediting, and factory liai- 
son. Direct TWX service between all 
sales offices and factories offers up-to- 
the-minute customer information. 

i/ 
Frank Waterfall, the company’s Vice 

President and Sales Manager, joined 
Crossley Associates in 1946 after post- 
graduate studies at Indiana University 
and the University of Minnesota, aug- 
mented by extensive instrumentation ex- 
perience at the Naval Research Labora- 
tory during World War 11. Other mem- 
bers of the Crossley family include ten 
field engineers who devote their entire 
effort to the solution of customer meas- 
urement problems, and an additional 
twenty office personnel who support 
all field engineering activities. 

A strong believer in education, Cross- 
ley Associates maintains scholarship pro- 
grams with twelve major Midwestern 
universities. The field engineers operate 
under a continuous educational program 
which includes technical field seminars 
and factory training courses. Two Cross- 
ley trainees are currently attending uni- 
versities to complete and broaden their 
engineering education. 

It is Crossley Associates’ policy to 
apply, sell, and service the finest in pre- 
cision electronic instrumentation and 
components for the communications, 

u electronics, and electromechanical meas- 

Crossley Associates 

urement fields. Service is perhaps the 
most important part of the business 
since it transcends many years beyond 
the initial sale of a product. Both Cross- 
ley and BRC believe they are duty-bound 
not only to place in the hands of their 
customers the proper instrumentation 
for their particular application, but also 
to ensure that these products continue 
to provide precise, reliable answers to 
ever-changing problems in the rapidly 
expanding field of electronics. 

We at BRC proudly salute Crossley 
Associates for their continuing record of 
faithful service to our many customers 
throughout the Midwest. 

FRANK WATERFALL 
Vice-president and Sales Manager 

SERVICE N O T E  

Modification of Glide Slope 
Signal Generator, Type 232-A, 

For Improved RF Output 

Some time ago, BRC received reports 
of Type 232-A breakdowns which were 
attributed to loss of rf output. The in- 
struments concerned exhibited a rapid 
decrease in rf output. This decrease in 
rf output resulted in the loss of output 
reserve, and eventually brought about a 
condition where “red line” operation 
and consequently satisfactory operation 
of the signal generator was no longer 
possible. 

After extensive investigation of the 
problem, BRC engineers traced the 
trouble to two tubes in the rf generator 
circuit. It was discovered that if the 
filament of the rf demodulator tube 
(V6/6173 ) is operated above 6.3 volts, 
the tube will become gassy and load 
the output tank. Tests also revealed 
that the plate dissipation in the rf 
doubler tube (V5/538-B) runs close 
enough to its advertised limits to re- 
duce the life of this tube. 

The following minor circuit changes 
eliminated this rf output problem and 
provided satisfactory operation of the 
Type 232-A Signal Generator. 
1. A 2.2-ohm resistor was added in 
series with the ungrounded filament 
connection on tube V6 (6173). This 
resistor is a wire-wound type capable of 
handling 0.25 watts. 
2. Resistors R24 and R25 (10k ohms) 
were replaced with 18k-ohm resistors. 
These resistors are composition type, 
with a -t5% resistance tolerance and a 
V’-watt power rating. 

Owners of Type 232-A Signal Gener- 
ators are advised that these modifica- 
tions will be made whenever an instru- 
ment is returned for repairs. 

EDITOR’S N O T E  

Q Meter Contest Award 

The Q of the coil displayed in the 
BRC booth at the IRE show is  378. 
The winning estimate was submitted 
by Mr. Eugene J. Caron, a project 
engineer with Radio Condenser Co. 
of Camden, N. J. 
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tion, application engineering, calibra
tion, and repair of all of the products
manufanured by fourtt:en leading pro
ducers of prceision elcelronic e<:Juip
memo Clerical services are provided for
the distribution of technical information
and a separate depanmem processes all
phases of custOmer orders including
placement, expediting, and fanory liai
son. Direct TWX service between all
sales offices and fanorics offers up-ta
the-minute custOmer information.

Frank \'(!aterfall, the company's Vice
President and Sales Manager, joined
Crossley Associates in 1946 after post
graduate srudies at Indiana University
and the University of Minnesota, aug
mented by extensive instrumentation ex
perience at the Naval Research bOOra
tory dming World War II. Other mem
bers of the Crossley family include ten
field engineers who devote their entire
effon to the solution of customer meas
urement problems, and an additional
twenty office personnel who suppon
all field engineering activities.

A strOng believer in education, Cross
ley Associates maintains scholarship pro
grams with rwelve major Midwestern
universities. The field engineers operate
under a continuous educational program
which includes technical field seminars
and factory training courses. Two Cross
ley trainees are currently attending uni
versities to complete and brooden their
engineering education.

Ir is Crossley Associates' policy co
apJ.lly, sell, and service the finest in pre
CISIOn electronic instrumentation and
componentS for the communications
clecuonics, and electromechanical mcas:
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since it transcends many years beyond
the initial sale of a product. Both Cross
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for their panicular application, but also
co ensure rhat these products continue
to provide precise, teliable answers to
ever-changing problems in the rapidly
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SERVICE NOTE

Modification of Glide Slope
Signal Generator, Type 232·A,

For Improved RF Output

Some time ago, BRC received reports
of Type 232-A breakdowns which were
attributed to loss of rf Output. The in
struments concerned exhibited a rapid
decrease in rf output. This decrease in
rf outpUt resulted in the loss of ourput
reserve, and evenrually brought about a
condition whete "red line" opernrion
and consequently satisfaCtory operation
of the signal generator was no longer
possible.

After extensive investigation of the
problem, BRC engineers traced rhe
t~ou~le to twO rubes in the rf generatOr
CItCUIt. It was discovered that if the
filament of the d demodulatOr rube
(V6/6J73) is operated above 6.3 volts,
the rube will become gassy and lOad
the output tank. Tests also revealed
that the plate dissipation in the rf
doubler rube (V5/538-B) runs close
enough to its advertised limits to re
duce the life of this rube.

The following minor circuit changes
eliminated this If output problem and
provided satisfaCtory operation of rhe
Type 232-A Signal Generator.
I. A 2.2-ohm resistOr was added in
series with the ungrounded filament
connection on tube V6 (6173). This
resistor is a wite-wound typc capable of
handling 0.25 wattS.
2. Resistors R24 and R25 (10k ohms)
were replaced with 18k-ohm resistots.
TJ:!ese tesistors are composition type,
WIth a ±5% resistance roletance and a
;-2-watt power rating.

Owners of Type 232-A Signal Gener
atOrs are advised that these modifica
tions will be made whenever an instru
ment is teturned for repairs.

EDITOR'S NOTE

Q Meter Contest Award

The Q of the coil displayed in the
BRC booth at the IRE show is 378.
The winning estimate was submitted
by Mr. Eugene J. Caron, a project
engineer with Radio Condenser Co.
of Comden, N. J.
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Since Mr. Caron was one of three per- 
sons who estimated 378, a drawing was 
held to determine the winner. The other 
378 estimates were submitted by Mr. 
Chester Warner of Great Neck, N. Y. 
and Mi J. Pakan of Forest Park, Ill. 

A total of 1198 entries were sub- 
mitted, with estimates ranging from less 
than 50 to over 3000. We report, with 
considerable amazement, that there were 
twenty one estimates within 1% of the 
actual measured Q. A list of persons 
submitting these near misses and a 
graph showing the distribution of esti- 
mates are given below. 

ESTIMATES WITHIN 1% 
Estimate Submitted By 

375 R. Friedman, Polarad Electronics, 
L. I. C., N. Y .  

375 D. W. McLead, Norden Laboratories, 
White Plains, N. Y .  

375 M. Leonard, Columbia University, 
N. Y .  C. 

375 

375 

375 

375 

375 

375.5 

375.6 

376 

376 

377 

377 

C. Briggs, Mass. Inst. of Tech.; 
Cambridge, Mass. 
F. A. Blackshear, Sperry Gyroscope, 
Great Neck, N. Y.  
R. P. Thurston, Waters Mfg. Co., 
Wayland, Mass. 
H. C .  Hausmann, Arcs Industries, 
W. Islip, N. Y.  
W. K. Springfield, IBM, 
Endicott, N. Y .  
M. Fischman, Sylvania Electric, 
Bayside, N. Y .  
H. E. Whitted, Western Electric, 
Winston-Salem, N. C. 
T. B. Robinson, National Co., 
Malden, Mass. 
M. R. Easterday, Bendix Aviation, 
Kansas City, Mo. 
M. Freedberg, N. Y .  C. Community 
College, N. Y .  C. 
D. T. Geiser, Sprague Electric, 
N. Adams, Mass. 

377.1 

378 C. WARNER, Sperry Gyroscope, 

378 EUGENE J. CARON, Radio 

378 J. PAKAN, A.R.F. Products, 

379 
380 

380 

R. C. Ferris, Lockheed Aviation, 
Marietta, Ga. 

Great Neck, N. Y .  

Condenser Co., Camden, N. J. 

Forest Park, Ill. 
G. Elliott, Rochester, N. Y .  
S .  B. Alexander, Emerson Radio, 
Jersey City, N. J. 
W. A. Palmisano, Army Chemical 
Center, Edgewood, Md. 
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Distribution of Q Estimates. 

The display coil was measured at 10 
megacycles in the BRC standards labora- 
tory on a Type 260-A Q Meter which 
was previously calibrated against BRC 
Q Standards. Ten separate measurements 
were made, the average Q measurement 
being 378 and the average capacitance 
measurement being 58 ppf. 

Mr. Caron visited BRC on May 1 to 
accept the Q Meter from Dr. G. A. 

Downsbrough, President of the com- 
pany. During his visit, he stopped at 
your editor’s desk and passed along the 
following information concerning his 
career in the engineering field. After he 
received his B.S. in Radio Engineering 
from Tri State College at  Angola, Indi- 
ana, he was successively employed in an 
engineering capacity by Raytheon Cor- 
poration, Hazeltine Corporation, and 
Radio Condenser Co. Mr. Caron joined 
Radio Condenser Company in 1948 as 
Supexvisor of TV Engineering. He is 
presently with the Special Apparatus 
Division of Radio Condenser Company 
as Project Engineer. 

td 

Along with our special congratula- 
tions to Mr. Caron, BRC wishes to thank 
our many friends who visited with us at 
the IRE show. 

Dr. G. A. Downsbrough, President of BRC, 
presents a Type 160-A Q Meter io Mr .  E. J. 
Caron of Radio Condenser Co., winner of 
the Q Meter contest. 

PITTSBURGH 36, Pennsylvonio 
CROSSLEY ASSO’S., INC. H. E. RANSFORD COMPANY 
5420 North College Avenue 
Telephone: CLifford 1-9255 
TWX: I P  545 

540Q Cloirton Boulevord 
Telephone: Tuxedo 4-3425 

ROCHESTER 70, New York 
E. A. OSSMANN & ASSOC., INC. 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

DAYTON 19, Ohio 
CROSSLEY ASSO’S., INC. 
53 Pork Avenue 
Telephone: Axminster 9-3594 
TWX: DY 306 

EL PASO, Texas E. A. OSSMANN & ASSOC., INC. 
147 Front Street 
Vertai, New York 
Telephone: ENdicott 5-0296 KEystone 2-7281 

LOS -ANGELES, Colifornio 
VAN GROSS COMPANY 
21051 Costanso Street 
Port  Office Box 425 
Woodland K i l l s ,  California 
TeleDhone: Diamond 0-3131 
TWX: Canoga Park 7034 

NEW HAVEN 10, Connecficuf 
INSTRUMENT ASSOCIATES 
265 Church Street 

EARL LIPSCOMB ASSOCIATES 
720 North Stantan Street 

H IGH POINT, North Carolina SAN FRANCISCO, Colifornia 
VAN GROSS COMPANY 
1178 Los Altos Avenue 
10s Altos, California 
Telephone: WHitecliff 8-7266 

CROSSLEY ASSO’C., INC. 

Telephone: Mldwoy 6-7881 

1923 North Moan Street 
BIVINS B CALDWELL 

Telephone: Hlgh Point 2-6873 
TWX: HIGH POINT NC 454 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
lntervole Rood 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

HOUSTON 5, Texas Telephone: UNiversity 5-2272 ST. PAUL 14, Minnesoto 

BIVINS & CALDWELL 
1226 E. Colonioi Drive 

ORLANDO, Florida 842 Raymond Avenue 
EARL LIPSCOMB ASSOCIATES 
P. 0. Box 6573 
3825 Richmond Avenue 

BOSTON, Massochusetts 
INSTRUMENT ASSOCIATES 
1315 Massachusetts Avenue 
Arlington 74, Mass. 
Telephone: Mlssion 8-2922 
TWX: ARL MASS. 253 

CHICAGO 45, Illinois 

Telephone: Mohawk 7-2407 Telephone: CHerry 1-1091 TWX: ST P 1181 
SYRACUSE, New York 

E. A. OSSMANN & ASSOC., INC. 
308 Merritt Avenue 
Telephone: Howard 9-3825 

TORONTO, Onfor io ,  Canada 
BAYLY ENGINEERING, LTD. 
First Street 
Aiax, Ontario, Conodo 
Telephone: Ajax 118 

OTTAWA Ontario, Canada 
BAYLY ENGINEERING, LTD. 
48 Sparks Street 
Telephone: CEntral 2-9821 

HUNTSVILLE, Alabama 
BlVlNS & CALDWELL 
Telephone: JEfferson 2-5733 
(Direct line to Atlanta) 

(Toronto) EMpire 8-6866 

CROSSLEY .ASSO‘S., INC. 
271 1 West Howard St. 
Telephone: SHeldroke 3-8500 
TWX: CG 508 

NEW JERSEY 

Printed in U.S.A. 

8 

BOONTON RADIO CORPORAtiON THE NOTEBOOK

Sinc~ Mr_ Garon was on~ of thr~ per·
sons who estimated 378, a drawing was
held to determine rhe winner. The other
378 estimates were submitted by Mr.
Chesler Warner of Great Neck. N. Y.
and Mr. J. Pakan of Forest Pack. l1I.

A tocal of t 198 ~nrries were sub
mined, with estimates rnnging from less
than 50 to over 3000. We report, with
considernble amazement, that there were
tweney one estimates within 1% of the
actual measured Q. A list of persons
submitting th~ near misses and a
graph showing the disuibution of esti
mates are given below.

Downsbrough, PresideD( of the com·
pany. During hi, visit, he stOPped at
your editor's desk and passed along the
foUowing information concerning his
carttr in the engineering field. After he
received his B.s. in Radio Engineering
from Tri Stare College at Angola, Indi
ana, he was successively employed in an
engineering ClIpacity by Raytheon Cor
poration, Ha:telrine Corporation, and
Radio Condenser Co. Mr. Caron joined
Radio Condenser Company in 1948 as
Supervisor of TV Engineering. He is
presendy with rhe Special Apparatus
Division of Radio Condenser Company
as Project Engineer.

Along with our sp«ial congratula
tions to Mr. Caron, BRC wishes to thank
our many friends who visited with us at
the IRE show.

0,. G. A. Dow.....,_"h, " ...;de'" of IltC.
,.<eoen'. ° Typo I60-A Q Mete' '0 "I,. E. J.
c........ of l<KIio C...,..,....., Co.• W;"_' 0'
,h. Q Met., ~.",.ot.

R. C. Ferris, Lockheed Aviation,
Marietta, Ga.
e. WAllNER, Sperry G,tOfCOPC',
Grot Neck, N. Y.
EUGENE J. CARON, R2dio
Coodens.et" Co., Camden, N. J.
J. PAKAN, .....R.F. ProdUctS.
Forest Park, Ill.
G. E1lion, Rochester, N. Y.
S. B..... leKander, Emerson Radio,
Jersey City, N. J.
W. A. Palmisano, Army Chemica.l
Cc:n1et, EdSewood, Md.

Di.t,llow/;on of Q Eot;moteo.

'"
'"'"

311,1

'"

",
.,225

~200

~ 115
- 150

... 100

o "g 50

"o

The display coil was measured at to
megacycles in the BRC standards labora
tory on a Type 260-A Q Meter which
was previously calibrated against BRC
QStandards. Ten 5Cparate measurements
were made, the average Q measurement
being 378 and the average capacirance
me2SUJ"lmlent being 58 p,p.f.

Mr. Caron visired BRC on May 1 to
accept the Q Meter from Dr. G, A.

ESTlMATtS WITHIN 1%
Sv.....~ Iy

R. friedman, Pob.rad E1ectronia,
LI.C..N.Y.
D. w. McLead, Nordm l.aboralDries,
Whifl:: PWIU. N. Y.
M. Uotard, Columbia University,
N. Y.c.
e. Briggs, Mass. IlUt. of Tech.:
Cambridge, Mass.
f ...... BIKkJhear, S~rl'}' Gyl"O$CO~,

Greal Ned:, N. Y.
R. P. Thurston, Wilen Mfg. Co.,
Wayland, Man.
H. C. Hausmann, Arcs Indusuics,
W. Islip, N. Y.
W. K. Springfield, IBM,
Endicott, N. Y.
M. Fischman, SylVllnia E1«tric,
Bayside, N. Y.
H. E. Whirred, Western Electric,
Winsmo·Salml, N. e.
T. B. RobilUOfl, National Co.,
Maldm,Mau.
M. R. w!erda" BcndiI Aviation,
Ka.ns:u City, Mo.
M, Freedberg, N. Y. C. Community
Colk~, N. Y. e.
D. T. Ge-is.er, Sprague Electric,
N. Adams. Mass.

31S.5
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31S.6
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'"
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Transistor Measurements With The HF-VHF Bridge 
GEORGE P. McCASLAND, Sales  E n g i n e e r  

Figure 1 .  The author is  shown 
and a specially made transistor 

parameters of transistors over a wide 
range of bias and frequency conditions. 

The RX Meter is well suited to tran- 
sistor measurements because its bridge 
elements will pass, directly, a current of 
up to approximately 50 milliamperes, 
and its two-terminal measurements can 
furnish the parameters for radio-fre- 
quency transistor circuit design. Con- 
tributing to the ease with which tran- 
sistor measurements can be made are 
the self-contained design of the instru- 
ment, with the signal generator, bridge, 
and detector in a single, compact pack- 
age, and the fact that the “unknown” 
terminals are located on the flat, tQp 
surface of the instrument, where attach- 
ment of the measuring jig may be con- 
veniently made. 

The idea of using the RX Meter for 
transistor measurements is not a new 
one; a number of research, development, 
and production groups have been en- 
gaged in this type measurement for 
some time. For example, Messrs. Ear- 
hart and Brower of Texas Instruments 
recently used the RX Meter to measure 
a new VHF silicon transistor.4 Because 
of the lack of published information on 

measuring a transistor, using the RX Meter, a battery power supply, 
measuring jig. 

Introduction applications, the military have employed 
the transistor in the “Explorer” and 

the theory an2 Practice of transistor 

The very high-power efficiency at 
low-power levels together with the re- 
liability and low-cost potentials of the 
transistor have led to increased usage of 
this device by circuit designers in both 

electronics. Hearing aids, portable 
dios, phonographs, dictating machines, 

amples of the commercial applications 
of transistors. A~~~~ with many other 

“Vanguard’ satellites now circling the 
earth. 

As the usage Of the transistor in- 
creases it is apparent that there is a need 

The transistor circuit designer can no 
longer get by with specifications pub- 

the commercial and military fields of to measuring techniques. 

porta& cameras, machine-tool controls, lished by transistor manufacturers alone; 
clocks, and watches are but a few ex- (Normally, the manufacturers will spec- 

ify transistor parameters for a given set 
of bias conditions and a single frequency 
only.) he is now often faced with the 
problem of determining parameters for. 
a wide range of bias and frequency con- YOU WILL FIND . . . 

Transistor Measurements with 
the HF-VHF Bridge . . . . . . . . . .. . . . . . . . . 1 
Meet Our Representatives . . . . . . . . . . . . .6 
Editor’s Note . . . . . . . . . . . . . . . . . . . . . . . . 8  

ditions. This article describes a transis- Figure 2. Jig hila, shown, includes binding posts 

measuring technique, using the RX to which the 103-A series coil or other compo- 
nenfs may be connected for extending the RX 

Meter and certain hybrid equations, Meter capacitance, inductance, or resistance 
which will yield information about the range. 
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Transistor Measurements With The HF-VHF Bridge

GEORGE P. McCASLAND, Slll~s Engineer
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Introduction

The very high-power efficiency lit
Jow.power levels together with the rc
liability lind low-cost potentials of The
u'ansiscor have Jed to incu:ased usage of
this device by circuit designers in bmh
the commer<:ial and military fields of
e1e<tronics. Hearing aids, pornble ra
dios, phonographs, diccllting machines,
portable cameras, machine·mol controls,
docks, and watches are bur a few ex
amples of the commercial applications
of transistors. Along with many mher

YOU Will FIND ...
T'....li" ... M......' • ..,enl. wi,lI
,h. HF_VHF 8,icI". . 1
Meet 0 .. , R,p",,.nlatjYf•............. oS
f";,or'. Holt •••.........••.....••... 8

applications, rbe military have employed
the transistor in the "Explorer" and
"Vanguard" s:udlites now circling the
earth.

As the usage of the trllluistOr in
cr~ses it is apparent that Ihere is a need
to develop new measuring techniques.
The transistOr circuit designer can no
longer get by with specifications pub
lished by lransistor manufacturers alone;
(Normally, the manufacturers will sp«
ify transistOr parameters for a given set
of bias conditions and a single frequency
only.) he is now often faced with the
problem of delermining pammeters for.
a wide range of bias and frequency con
ditions. This article describes a transis
cor meilSUring ttthnique, using the RX
Meter and certain hybrid equations,
which will yield information about the

parameterS of transiswrs over a wide
range of bias and frequency conditions.

The RX Meter is well suited w tran·
sistor measurements because its bridge
dements will pass, dirtttly, a current of
up 10 approximately 50 milliamperes,
and its two-terminal measurern('nts can
furnish the paramelers for radio-fre
quency transistor circuit design. Con
tributing to the ease with which Imn
sistor measurements can be made are
Ihe self-contained design of the instru
ment, with the signal generalOr, bridge,
and detector in a single, compact pack
agc, and the faCt Ihat the "unknown"'
terminals are localed on the flat, top
surface of the insrrument, where attach
ment of the measuring jig may be con
veniently made.

The idea of using [he RX Merer for
transistor measurementS is not II new
one; a number of research, development,
and production groups have been en
gaged in this type measurement for
some lime. For example, Messrs. Ear
hart and Brower of Texas lnstnunents
rcccndy used the RX Meter 10 measure
a new VHF silicon tmnsiStor. oI Because
of the lack of published information on
rhe theory and praCtice of transistor

"gu,. 2. Ji,l ~"" oIoown, indurie. bi"ding PO'"
to wlt~1t Iltf IOJ_A ...ie. coil 0. Ol~" compo
nen', may H <onn,elld" for Ulendinll Ibe RX
Mete, <opocl,once, indu<fo".., 0' ,,,o101on<_
,0"lIe.
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h a  = - 

h a  = - 

T H E  BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
Corporation. I t  is mailed free o f  charge 
t o  scientists, engineers and other inter- 
ested persons in the communications 
and electronics fields. T h e  contents may 
be reprinted only with written permis- 
sion f r o m  the editor. Your comments 
a n d  s u g g e s t i o n s  a r e  w e l c o m e ,  a n d  
should be addressed to: Editor, T H E  
B R C  N O T E B O O K ,  B o o n t o n  Radio  
Corporation, Boonton, N .  J. 

i/ e2 = 0 Input impedance with output short-circuited, 

i ,  = 0 Reverie voltage transfer ratio with input open-circuited. 

measurements with the RX Meter, how- 
ever, it has been found that few of these 
groups are using the RX Meter to the 
limit of its capabilities, This article is 
intended to fill the gap in the literature, 
and at the same time, promote a more 
complete understanding of the use of 
the RX Meter for measuring transistors 
by persons currently using the instru- 
ment for this purpose, and by those per- 
sons unaware of its transistor-measuring 
application. 

h u b  = - 
e* 

Transistor Parameters 

Consider the following network 
equivalent of the transistor. 

INPUT 

i ,  = 0 Output adminonce with input open-circuited. 

Linear ,equations can be written using 
a set of independent variables to relate 
el, ez, il and i z ;  the independent varia- 
bles being the input, output, and trans- 
fer characteristics of the transistor com- 
monly known as the transistor para- 
meters. These transistor parameters are 
constants for a given set of bias and 
frequency conditions. One of the most 
popular and most widely used sets of 
transistor parameters is the hybrid or h 
set of parameters. The linear equations 
for the transistor, represented by net- 
work ( l ) ,  in terms of hybrid para- 
meters are: 

where the h parameters are hll, hzz, 
,512, and hzl. The choice of number sub- 
scripts here is based on personal pref- 
erence. IRE Standards3 suggest the use 
of either number or letter subscripts, as 
convenient. Table I is a. cross-reference 
of number and letter subscripts assum- 
ing a common-base transistor configura- 
tion. 

TABLE I 

COMMON-BASE SUBSCRIPTS 

I Number I letter I 
h i  I b  hib 

hob 

Determining the Hybrid ( h )  
Parameters 

The h parameters can be determined 
by solving the hybrid equations. By 
arbitrarily open- and short-circuiting 
pairs of terminals in ( 1 ) , a current or 
a voltage can be made zero to aid in 
the solution. Parameters hll, h22, h21, 
and h12, are numerically evaluated with 
the help of RX Meter measurements. 
The method of evaluation is outlined in 
Table I1 below. 

conveniently shown in Table 111. 
To obtain common-emitter or com- 

mon-collector h parameters a set of */ 
simple conversion formulas can be used. 
As an example, we can convert h 2 2 b  to 
hZze with the formula 

The above formula and other conver- 
sion formulas are given by Scher6. These 
formulas yield approximate values. 

RX Meter Jigs 

The RX Meter measurements indi- 
cated in configurations A through D in 
Table I11 require the use of four jigs 
which attach the transistor to the RX 
Meter and supply proper dc bias. These 
jigs can all be operated from a common 
power supply. A schematic diagram of 
the jigs with a transistor in the socket 
is shown in Figure 3. Each diagram 

TABLE II 

SOLUTION OF THE HYBRID EQUATION 
(Assuming Common-bare Configuration) 

Circuit I Condition I I Parameter Description 

I htlb = 3 - cc I ez = 0 I Forward short-circuit current transfer ratio with output short-circuited. I 

The various circuit conditions for 
each h parameter refer to the ac circuit 
only. DC bias voltages are not disturbed 
when the ac circuit conditions are 
changed. From Table I1 it should be 
obvious that an input measurement on 
the RX Meter provides hllb directly. By 
converting an output RX Meter meas- 
urement to an admittance, hzza is also 
obtained directly. 

Parameters h2lb and h 1 2 b  relate vol- 
tages and currents on both inpdt and 
output sides of the network providing 
the network transfer characteristics. The 
h z l b  parameter is found numerically 
from the ratio of two input impedance 
measurements. Parameter hlZb is found 
from the product of the difference of 
two output admittances and the ratio 
of hllb over -hZlb. The derivation of 
hzlb and h 1 2 b  is given in the appendix. 
In summary, the method of obtaining 
the common-base h parameters from 
RX Meter measurements is simply and 

represents one of the configurations 
correspondingly marked A through D 
in Table 111. 

The specific jigs described in this 
article were designed for a Raytheon 
Type 2N417 PNP transistor for meas- 
urements in the 20-mc range. The 
0.01 pf ceramic by-pass capacitors, power 
supply, and jig socket selections all re- 
flect the transistor to be measured and 
the approximate frequency range. The 
by-pass capacitors have good by-passing 
action in the 20-mc range and the jigs 
perform well in this range. For fre- 
quencies appreciably different from 20- 
mc, different capacitors may have to be 
selected. At frequencies approaching 
250-mc the jig series inductance may 
require evaluation. However, no serious 
problems are anticipated in using sim- 
ilar jigs over the entire 500-kc to 250-mc 
range of the RX Meter. 

Since the power supply (Figure 4 )  
has high resistance in the emitter bias 

, 
I 
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measurements with the RX Meter, how
ever, it has been found that few of these
groups are using the RX Meter to the
limir of its capabilities. This article is
intended to fill the gap in the liternrure.
and at the same time, promote a more
complete understanding of the use of
the RX Meter for measuring transistors
by persons currently using the instru
ment for this purpose, and by those pet
sons unaware of its transistor-measuring
application.

TABLE I

COMMON·BASE SUBSCRIPTS

Number Letter

h llb h;b

hltb h,.

h1lb h,.

hllb h~

Determining the Hybrid (h)
Parameters

The h parameters can be determined
by solving the hybrid equations. By
arbitrarily open- and shon-circuiting
pairs of terminals in (1), a current or
a voltage can be made zero to aid in
the solution. Parameters hu , h~t, htl>
and h12, are numericaUy evaluated with
the help of RX Meter measurements.
The method of evaluation is outlined in
Table T1 below.

conveniently shown in Table III.
To obtain common-emitter or com

mon-collector h parameters a set of J
simple conversion formulas can be used.
As an example, we can conven h~~~ to
h~t. with the formula

h~~r=---

(I +h~lI»

The above formula and orher conver·
sion formulas arc given by Scher G• These
formulas yield approximate values.

RX Meter Jigs

The RX Meter measurements indi
cated in configurations A through D in
Table III require the use of four jigs
which attach the transistor to the RX
Meter and supply proper dc bias. These
jigs can all be operated from a common
power supply. A schematic diagram of
the jigs with a transistor in the socket
is shown in Figure 3. Each diagram

Transistor Parameters

Consider the following network
e<juivalent of the transistor.

TAaLE 11

SOlUTION OF THE HYBRID EQUATION

1........1"0 eon...o......... C...flg~".tlo"1

,...........' CI....I' D....I"""_CO.... "io_
.,.,....- • ,=0 ........ leproIo_ .,ltl, ""'P"' -............

"
0,

>, ..=- 1,=0 ._. .- ""..10, ,- w;'" ...... ."...";'-«<iIod..,
""'~ .. - ..- .. ., • ........... .....,....,... , ......., ,,",oM< _w>h ..,""' ......'O'-"';....

",....~- I, >= 0 Ovt""' ......oto.... "'''' ,__.............,
,

INPUT te~ ~,tOUTl'UT
o---{_.--JI---o (1)

Linear 'e<juations can be written using
a set of independent variables to relate
el, e~, i l and i~; the independent varia
bles being the input, OUtpUt, and trans
fer characteristics of the transistor com
monly known as the transistor para
meters. These transistor parameters are
constants for a given set of bias and
frequency conditions. One of the most
popular and most widely used setS of
transistor parameterS is the hybrid or h
set of parameters. The linear equations
lor the transistor, reptesented by net
work (1), in terms of hybrid para
meters are:

1.11 = htli l + h12e2

;2 = h21 i l + h2~e2

where the h parameters arc h ll , h22,

hl~' and h~l. The choicl': of number sub
scripts here is based on personal pref
erence. IRE Standards:! suggest the use
of either number or letter subscripts, as
convenient. Table I is a· cross-reference
of number and letter subscripts assum
i?g a common-base transistOr configura
[lon.

The various circuit conditions for
each h parameter refer to the ac circuit
only. DC bias voltages are nor disturbed
when the ac circuit conditions are
changed. From Table II it should be
obvious that an input measurement on
the RX Meter provides hll~ directly. By
convening an Outpur RX Meter meas
urement to an admittance, h~~b is also
obtained directly.

Parameters h~lb and h l2b relare vol
rages and currentS on both input and
output sides of the network providing
the network transfer characteristics. The
h2U paramete~ is found numerically
from the ratio of two inpm impedance
measurements. Parameter hi ~b is found
from the product of the difference of
tWO Olltput admittances and [he ratio
of hll~ over -h~l~' The derivation of
h~u and h12b is given in the appendix.
In summary, the method of obtaining
the common-base h parameters from
RX Meter measurements is simply and

2

represems one of the configurations
correspondingly marked A through D
in Table Ill.

The spe<ific jigs described in this
article were designed for a Raytheon
Type 2N417 PNP transistor for meas
uremems in the 20-mc range. The
0.01 p.f ceramic by-pass capacitors, power
supply, and jig socket selections all re
flect the transistor to be measured and
the approximate frequency range. The
by-pass capacitors have good by-passing
action in rhe 20-mc range and the jigs
perform well in this range. For fre
quencies appreciably different from 20
mc, different capacitors may have to be
selected. At frequencies approaching
2S0-mc the jig series inductance may
require evaluarion. However, no serious
problems are anticipated in using sim
ilar jigs over the emire SOO-kc to 2S0-mc
range of the RX Meter.

Since the power supply (Figure 4)
has high resistance in the emitter bias



THE N O T E B O O K  

Parameter Formula 

(RP) (XCp) 
h l l b  

Ro 4 XCo 

d Required 
Units RX Meter Measurements 

Ohms Configuration A below 

RX M E T E R  

hrla = - cc - -+ 1 
h i i b  

h,,-  

h,,a 
hiib (YZZ~ - h m )  ~ 

- htib 

H1o-yTi R X  M E T E R  

Mognitude and 
phose angle 

Magnitude and 
phose angle 

Configuration A & C below 

Configurotians A, B, C, 8 D below 

R X  M E T E R  

(C) 

R X  H1---vl M E T E R  

Figure 3.  Jig Schematics 

circuit, the power supply resistance LA- 

termines the emitter bias current and 
bias will be a constant as different tran- 
sistors are plugged into the jigs. Use of 
the 90-volt bias battery permits suf- 
ficient bias to be developed even with 
the hZzb jig which has a fixed 10k 
resistor in the emitter circuit. 

The socket used in our jigs accommo- 
dates the transistor type with four pins 
mounted on a 0.200-inch diameter circle. 
However, the jigs can be modified 
slightly to accommodate sockets for dif- 
ferent type transistors, including the 
new universal transistors sockets. 

As a special feature, the hlle and 
hllb- jigs utilize Q Meter binding posts 
in parallel with the RX Meter terminals 
for use in extending the RX Meter 
ranges. 

A drawing showing construction de- 
tails of the jigs is being prepared. In- 
terested persons may obtain a copy by 
calling or writing Boonton Radio Cor- 
poration, or one of our representatives. 

Typical Measurements 
and Calculations 

To illustrate transistor measurements 
the common-base h. parameters of a 
Raytheon Type 2N417 transistor have 
been determined for the following con- 
ditions using the RX Meter and the jigs. 

Vcn -6 volts 
i, = 5 ma. 
f = 2 0 m c  

The four necessary RX Meter meas- 
urements (one measurement in each of 
the four jigs) and necessary conversions 
to rectangular and polar impedance and 
admittance coordinates are shown in 
Table IV. 

RX Meter readings are the parallel 
Rp and C, equivalent of the unknown 
and can be readily converted to rec- 
tangular and polar impedance forms. 
Readings are converted to rectangular 
admittance by taking the reciprocal of 
the RX Meter parallel equivalents ex- 
pressed in ohms. The reciprocal of R, 
is the conductance G and the reciprocal 
of XC, in ohms is the susceptance B, 
where G and B are in ohms. 

kl,LlJ 
POWER SUPPLY'" 

Figure 4. Power Supply Schematic 

When converting from the parallel 
equivalents to the rectangular form of 
impedance, a series-parallel conversion 
chart such as is found in the RX Meter 
Instruction Manual is of help. In work- 
ing with the data in Table IV, it was 
convenient to divide the parallel equiv- 
alents by 20 to enter them into the chart 
and to multiply the series equivalent 
answers by 20 after removing the values 
from the chart. To use the chart prop- 
erly, a given combination of R, and C, 
must both be divided by and the answers 
multiplied by the same number. An 
ordinary reactance chart was used in 
converting C, readings to reactance. 

Using jig B of Figure 3 to make the 
RX Meter measurement necessary to 
obtain h z z b ,  the input circuit of the 
transistor is effectively open-circuited 

TABLE 111 

1 1  

RD XCD 
h m  1 Ohms I Configuration 6 below 

RX METER rn 
Yields h, ,b (See formula above) 

(A) 

Yields hzlb (See formula above) 

(&I 
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Typical Measurements
and Calculations

When convening from the parallel
equivalc-ms to the rectangular form of
impedance, a scries-parallel conversion
chan such as is found in the RX Meter
Instruction Manual is of help. In work
ing with the data in Table IV, it was
convenient to divide the parallel equiv
alentS by 20 to enter them intO the chart
and to multiply the series equivalent
answers by 20 after removing the values
from the chart. To usc the chan prop·
erly, a given combination of R~ and C~

must both be divided by and the answers
multiplied by the same number. An
ordinary reactance chan was used in
convening Cl' readings to reactance.

Using jig B of Figure 3 to make the
RX Meter measurement necessary to

obtain h~~I" the input circuit of the
transistor is effectively open·cireuited

TAaLE III

MElliOD FOR OIlTAINlf>lG COMMOf>lIlASE h PAIlAMETERS ROM IX METtR MEASUREMENTS

The four necessary RX Meter meas
urements (one measurement in each of
the four jigs) and necessary conversions
to rectangular and polar impedance and
admittance coordinates are shown in
Table IV.

RX Meter readings are the parallel
Rl' and Cl' equivalent of the unknown
and can be readily converted to rec
tangular and polar impedance forms.
Readings are convened to reaangular
admittance by raking the reciprocal of
the RX Meter parallel equivalents ex
pressed in ohms. The reciprocal of Rl'
is the conductance G and the reciprocal
of XCI' in ohms is the susceptance il,
where G and B arc in ohms.

To illustrate transistor measurements
the common-base h parameters of a
Raytheon Type 2N417 cransistor have
been determined for the following con·
ditions using the RX Meter and the jigs.

VCII = ~6 volts
;,=5ma.
!=20mc
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circuir, the power supply tesistance de
termines the emitter bias current and
bias will be a constant as different tran
sistOrs are plugged into the jigs. Use of
the 9O-volt bias battery permits suf
ficient bias to be developed even with
the h~~b jig which has a fixed tok
resistor in the emitter circuit.

The sockct uscO in our jigs accommo
dates the transistor type with four pins
mounted on a O.200-inch diameter circle.
However, the jigs can be modified
slightly w accommodate sockt:ts for dif
ferent type transistors, including thc
new universal transistors socketS.

As a special fearure, the h11e and
hm ' jigs utilize Q Meter binding POStS
in parallel with the RX Meter tcrminaLs
for usc in extending the RX Mcter
ranges.

A drawing showing construction de
rails of (he jigs is being prepared. In
terested persons may obtain a copy by
calling or writing Boonton Radio Cor
poration, or one of our representatives.

Lor;II,c,,-,-1~-,I,Ic,,C,-1
,oJ
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Jig 

C (hiid 

A ( h d  

D ( ~ m f  
(hnd  

with a 10k resistor. To test the effective- 
ness of this open circuit, 7.5k and 4.7k 
resistors were substituted for the 10k 
resistor, while constant emitter bias was 
maintained, without materially chang- 
ing the RX Meter's indication of out- 
put admittance. 

The target of this example is the four 
common-base h parameters. From Table 
I v  hllb and h22b are directly available 
in rectangular impedance form. 

RX Meter Readings Parallel Equivalent Rectangular Z Rectangular Y Polar 2 

Rp (ohms) CP (Wf) Rp (ohms) Cp (ohms) ohms ohms ohms 

168 + 17.5 168 + i 454 - l 4 4 - i 5 2  153 /* 
130 - 60.7 130 - j  131 65-i66 93 /--450 
620 + 9.0 620 + i 885 1.61 + i 1.13 

0.505 + j 1.80 1980 + 14.3 1980 + i 556 

hllb = 65 - j66 ohms 

h 2 2 b  = (0.505 + jl.80) x mhos 

From Table 111: 

hzlb = - a = - (2 + 1) 

hlzb 1.21 x iop3 / -32" 

A summary of the h parameters meas- 
ured and calculated for the 2N417 tran- 
sistor are given in Table V. 

RX Meter Operating Techniques 
In preparation for a measurement, 

the RX Meter is balanced as usual with 
a jig attached to the terminals but with- 
out a transistor in the socket. The use 
of the jigs does not in any way interfere 
with normal operation of the RX Meter. 

With normal bridge operating condi- 
tions, the voltage appearing at  the RX 
Meter terminals may be 100 to 500 

TABLE IV 

capacitance, inductance, and resistance 
ranges. RX Meter range extension is 
explained in detail in the Instruction 
Manual and in a previous Notebook 
articlez. 

--j 

Application of the h Parameters 
The maximum power gain for the 

2N417 in the common-base configura- 
tion can be readily calculated assuming 
conjugate input and output impedance 
matching and lossless neutralization7. 

( h 2 1 b )  
P. G. = 

4hllbr h22br-2 Re ( h 1 2 b  h 2 1 b )  

In this equation, h l l b r  and h22br are 
real  par t s  of hllb and h22b and 
Re ( h l z b h 2 1 b )  is the real part of the 
product of h21b and hzlb. The values 

Values of polar coordinates from Table 
IV are substituted in this equation and 
the following calculations are performed. 

93 / - 4 5 "  

153 [ 200" 
- a =-( +') 

- (.61 /-245" + - - 

- (-.26 - j.56 + 
- (+ .74 - j.56) 

- - 

- - 

- (0.93 / -37") - - 

hlzb = - a = 0.93 / 143" 

Again from Table 111: 

- hzib 

Inserting values from Table IV, the 
following calculations are performed. 

hlzb = [( 1.61 + j 1.31) 

93 / - 4 5 "  
- ( S O 5  + j 1.80fl ( 10-3) 

93 / -37" 
2 

millivolts or more. This is sufficient, in 
many cases, to drive a transistor beyond 
its linear range of operation. The term- 
inal voltage, however, may be reduced 
to 20 millivolts or, in some cases less 
than 20 millivolts, by reducing the level 
of the oscillator output with a series 
resistor in the oscillator+B lead. (See 
page 16 of the Instruction Manual and 
Notebook #62.) During the measure- 

TABLE V 

MEASURED AND CALCULATED h PARAMETERS 

-1 0 9 3 / 1 4 3 0  

Parameter Numerical Value 

65 - 1  66 ohms 

(0.505 XI 1 80) + 10-3 mhos 

1 21 x 10-3 132" 

ments to obtain the data presented in 
Table V, good operation of the RX 
Meter was obtained at actual measured 
terminal voltages of 5 to 25 millivolts. 
The RX Meter measurements did not 
vary over this voltage range, indicating 
linear operation of the transistor for this 
range of signal level. 

The Q Meter binding posts on the 
hlle and hlla jigs provide for easy con- 
nection of Type 103-A Inductors and 
good commercially available capacitors 
and resistors to extend the RX Meter 

ftom Table V are substituted in the LJ 

formula for power gain and the neces- 
sary calculations are performed. 

( .93/ 143")2 

4 x 65 X ,505 X 10W3 - 2 Re 
(1.21X 10-3/-31"X.93/143")  

,864 / 286" 

P. G. = 

- - 
131 x 10-3 - 2 (.403 x 10-3) 

131 x 10-3 - ,806 x 10-3 

.864 / 286" 
- - 

364 / 286" 

130.194 X 10-3 
- - 

Power Gain = 6.62 [ 286" = 6.62 

The author wishes to express his 
appreciation to Mr. D. E. Thomas of 
the Bell Telephone Laboratories for his 
valuable assistance in connection with 
this work. 
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h1u = 65 - j66 ohms

ht2~ =(0.505 + j1.80) X 10-' mhos
P.G.

ApplicQtion of the" Porometers
The maximum powa gain for the

2N417 in the common-base configun..
tion can be readily calculatN assuming
conjug:l(e inpul and OUtput impedance
matChing and lossless neutralization 7.

In this equation, hll~r and htt~r are
real partS of hl1~ and ht~b and
Re (h I2thm) is the real part of the
producr of h2lb and h~I'" The values

ClIpacitllooce, inductance, and resistance
ranges. RX Meta range extension is
explained in detail in the Insuuaion
Manual and in a previous NOtebook
article:!.

= (1.105 - j .49) (1()-3)
(I~)

= (1.21 X 10-3 / 6240)
(I (-8 )

hu • = 1.21 X 10-3 /-3ZO

A summary of the h parameters mea,s.
urN and calcu1atN for the 2N417 tran·
sistor are given in Table V.

RX Meter OperQting Techniques
In preparation for a mcasuremem,

the RX Meter is balanced as usual with
a jig attached to the terminals but with
out a transistOr in the sockel. The use
of the jigs docs nOt in any way interfere
with normal operation of the RX Meter.

With normal bridge operating condi
tions, the voltage appearing at the RX
Meter terminals may be 100 to 500

(
h", )-+,
h u •

from Table III:

wjlh a 10k resistor. To U'SI lbe efft'Ctive
ness 01 this open circuit, 7.5k and 4_7k
resistors were .substituted lor the 10k
resislor, while consrant emittet bw was
maintained, without materiaUy chang
ing Ihe RX Meter's indication of OUt
put admiuance.

The target 01 [his example is the four
common-base h parameters. From Table
IV h\u and h:,~. are dirt'Ctly available
in rectllngular impedance form.

TA-1lI IV

CONVERSION OF IX MEtER MUoSUI£MENTS TO lIlCTANGUlAR
ANO I'OI.AJ: IMP'EDANCI AHO ADMITTANCE COOttDINATU.. u __ -- • , ., , ... •, , ._,..-, ...... ..- ..- - - -,~" ,. + 17.3 ,.

+,~ ,. ;D 'D~

.~"
,m ~ ,m I IJl • ;. n..-

''-> ~ + .. ~ +;~ ''''+il.l)..., ,- +'0 ,- .,~ D.SIlI+ll..

hl:!b=-a:=0.93~

Again from Table Ill:

130.194 X 10-3

Power Gain = 6.62 /286° = 6.62

fwm Table V are substituted in (he -../
formula for power gain and the neces-
sary calculations are performed.

(.93~):!

P. G, = -,-----==:....,----
4 X 65 X .505 X 10-3 _2 Re

(1.2IXIO-3j 31°X.93~)

.864 I 286'

BIBLIOGRAPHY
I) Mennie, John, H.. "A Wide Range

VHF Impedance Meter", Thll Notll
book, Swnmer 19'4, NO.1.

2) Riemenschneider, Norman L, "Some

131 X 10-3_2 (AD3 X 10-3)

.864 /286°
-------

131 X 10-3 - .806 X 10-3

,86<~

The author wishes to exp~ his
appreciation to Mr. D. E Thomas of
the Bell Telephone Laboratories (or his
valuable assistance in connection wilh
this work.

Hv__ v.._

., /116_
IIU05 )( , 1.IlIt + 10-'_

',....
••••

mentS (0 obtain the dan. presentN in
Table V, good operation of the RX
Meter was olxained lit actual measured
terminal voltages of 5 10 25 millivolts.
The RX Meta measurements did IJO(

vary ova (his voltage range, indiCliting
linear open.tioo of the transistor for this
range of signalle\·el.

The Q Meter binding posts on the
h ll • and hilt jigs provide for easy con
nection of Type ID3·A Induaors and
good commercially availabl( capacitors
and resistors to extend the RX Meter

millivolts or more. This is sufficient, in
many cases, 10 drive a lransiSlOr beyond
itS linear r:lllge of operation. The term
inal voln.ge, however, may be reduced
to 20 millivolts or, in some cases less
than 20 millivolts, by reducing {he level
of the oscillalOr output with a series
resistor in the oscilJalOr+B lead. (See
page 16 of the Insuuction Manual and
Notebook #6 2.) During the mearure-

TABU v

MEASURED AND CALCULAUD h PARAMETERS

hu •
h'2t = (1n. - hut) ---.

-h:t1t

Inserting values from Table IV, the
following calculations are performed.

hl2t = [(1.61 + JUI)

93/-,n°
- (.505 + j 1.80)J ( 10--3)

93 / 3]0

-« =-t:;~+ I)
=-(.61/ 24)"+')

=- (-.26-;'56+ I)

=- (+.74-;56)

Values of polar coordinates from Table
IV are substituted in Ihis equation and
the following ClIlculations are performed
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APPENDIX 
Derivation of hzl and h,, Formulas 

h2ib 

The elementary current relationships 
of the junction transistor are shown in 
the following schematic diagram: 

where: i, = i, + ib by Kirchoff‘s law (1) 
i, = a i, by definition. ( 2 )  

Substituting ( 2  ) in ( 1 ) : 
i, = a ie + i b  
9 - a ze =fib 

ie (1- E )  = i ,  
. .  

( 3 )  

The transistor is redrawn substituting 
cc i, for i, from equation (1) and i, 
(1-a ) for ib from equation ( 3 )  
and short-circuiting the output circuit 
in (4) .  The dotted box symbolizes the 

-network for which network current 
il = i, and i 2  = - a i,. 

( 4 )  

el 

il 
h l l b  = -7 

when e2 = 0 by definition. 
Substituting i, for il in ( 5 ) ,  since 
il = i, from ( 4 )  

el  

fie ( 6 )  
h l l b  = 7 

The transistor is now redrawn sche- 
matically in the common-emitter con- 
figuration. 

(7)  

where: il = -ib = -( 1- a ) i,. 

el 

il 

Substituting the equality 
il = - (1--cc) i, shown in 

Now, by definition, hll, = -. when 

e2 = 0. (8) 

(7).; 
el 

hll, = 
y ( 1 - a )  ie ( 9 )  

el 
hllb = -, repeating ( 6 )  

i e  
By examination of ( 6 )  and ( 9 ) ,  we 

see that if hll, of ( 9 )  is multiplied by 
-( 1- a ), the product will be equal 
to hllb of ( 6 )  as expressed in (10) 

By ‘Thevenin’s Theorem, the input to 
the network can be represented as 
shown below. 

:-I?$ INPUT 
(13) 

The open circuit input voltage, el ,  
can be assumed to be caused by a v01- 
tage generated within the network, 
which in this case is a voltage trans- 
ferred back from the output circuit. 
2 is the short-circuit input impedance, 
a part of Thevenin’s concept. Since 
hllb is the short-circuit input impedance 
of (13) ,  it can be substituted for 2. 
The input can then be short-circuited 
and the result shown in (15) ,  where: 

el = hllbil 

Now the transistor is drawn as a 

network, ( 17) ,  and by definition: 

$2 
h22a = - - , where il = 0 (16) 

e2 

The negative sign in (16) stems from 
network convention, where i 2  is shown 
flowing toward the network but actually 
flows in the opposite direction (out- 
ward from the network) for the com- 
mon-base transistor circuit configuration. 

Referring to (17) ,  the input to the 
network can be shorted reducing el to 
zero. By definition: 

y22b = - -, when el  = 0. (18) 

In equation ( IS), Y22b is one of the 
admittance family of parameters. If the 

h 1% 

For the transistor network shown be- 

common-base configuration, the reverse 
voltage transfer ratio by definition is: 

low, representing a transistor in the e2  
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( 17)

(1S )

(13)

(14)

" ,

= 0 (16)

•

"--= i l •

hl1~

".."

C3

INPUT

Ie;--
I "

INPUT

"hUb = --, when it = o. (12)

"

111e negative sign in (16) stems from
network convention, where ;2 is shown
flowing toward the network but actually
flows in the opposite direction (OUt
war9 fwm the network) for the com
mon-base transistor circuir configuration,

Referring to (17), the input to the
network can be shoned reducing el to
zero. By definit'ion:

"Y22b = - --, when el = O. (IS)

"In equation (18), Y22~ is one of the
admittance family of parameterS, If the

The open circuit input voltage, el,
can be assumed to be caused by a vol
rage generared within rhe network,
which in this case is a volrage trans
ferred back from the ourput circuit.
Z is the shon·circuit input impedance,
a part of Thevenin's concept. Since
hll~ is rhe short-circuit input impedance
of (13), it can be substituted for Z.
The input can then be shon-circuited
and the result shown in (15,), where:

el = hUbil

,nd

"h22~ = - --, where ;1

"

Now the transistor is drawn
network, (17), and by definition:

By Thevenin's Theorem, the input to
the network can be represented as
shown below.

( 11)

when

(6)
sche
con-

(7)

(S)

since

"
"

"--,

L ~

'" '.. ,....-------,-
(I-.c)~j I Ire> _
0':=2'---1'"'~ '"
t-r.--! ~t ie,.ol

1:', I ~e ,

~
hU' )-a:= --+1
h lu

h '1b
For the transistor network shown be

low, representing a rransistor in the
common-base configuration, the reverse
voltage rransfer ratio by definition is:

hl1 &

oc=--+ 1
hll •

where: i1 = -j~ = -( 1- ox) ie.

Now, by definition, hoc =

h u •

e2=0. (8)
Substituting rhe equality
i l = - (I-a:) ie shown In (7).;

"hll • = ------
-;-(I-o:)je (9)

then: - (I - 0: )

'- J

"h llb = -, repeating (6)
i,

By examination of (6) and (9), we
sec that if hu • of (9) is multiplied by
-( I-a:), the prooucr will be equal
to hllb of (6) as expressed in (10)
below.
h l1 .[-(1 -o:~ =hl1~ (10)

hUb

"hl1b =-
'.The transistor is now redrawn

matically in the common-emitter
figuration.

i,
when e2 = 0 by definition.

Substituting i~ for i l in (5),
;1 = i~ from (4)

APPENDIX
Derivation of hll and hI! Formulas

h11b

where: i~ = ic + ib by Kirchoff's law (1)
ic = a: i~ by definicion. (2)

Substiruting (2) in (I):
;e=a:;e+i~

.J - a: i~ =ib

J.(I-a:)=ib (3)

The elementary current relationships
of the junction transistOr are shown in
rhe following schematic diagram:
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The rransistor is redrawn substituting
a:;e for i< from equation (I) and i.
(I-a:) for j~ from equation (3)
and shorr-circuiting the OutpUr circuit
in ("4). The dotted box symbolizes the

'-" ?erwo.rk fo~ which .network current
'I = Jc and J2 = -a:'e·
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open-circuited output admittance, h228 ,  

is subtracted from the short-circuited 
output admittance Y22b ,  the resultant 
output circuit admittance is that due to 
the current flowing in the short-circuited 
input circuit, or in other words, to the 
short-circuit input admittance. This re- 
lationship is shown in (19), where: 

i 2  

e 2  

- - Y22h - h 2 2 b  ZZ -- 

short-circuited input admittance 

i 2  

il 

appearing in the output (19) 

Now: h21b = - E  z - 

when il flows and e l  is the generated 
feedback voltage which does not appear d 
at the input terminals for the short- 
circuited case. 

In measuring h parameters it is as- 
sumed that all measurements are per- 
formed at signal levels for which the 
transistor is a linear network. 

If the short-circuit of (14) is re- 
moved, el will appear across the input 
terminals and at the same time il will 
go to zero. Therefore, equation (23) 
holds when il is zero as well as when il 
is flowing. 

h 1 1 0  el 

-h210 e 2  
when il is zero. 

- h12b ,  
- ( Y 2 2 b P h 2 2 b )  - - - - 

Founded by Earl Lipscomb in 1947, 
Earl Lipscomb Associates of Dallas, 
Texas, is the only engineering sales 
representative organization in the 
Southwest specializing exclusively in 
the field of electrical and electronic in- 
strumentation. The company maintains 
offices in Dallas, Houston, and El Paso, 
and offers complete technical service 
to customers in Texas, Oklahoma, Ar- 
kansas, Louisiana, and Mississippi. 

Radio and electronics are not new 
to Earl Lipscomb, the company’s Presi- 
dent; he has been active in the field 
since 1937 when he began as a con- 
sulting engineer. During World War 
11, he served in the training, production, 
and procurement phases of the Navy’s 
electronic program. His five-year tour 
of duty included training at the Navy 
Radar School at M.I.T., and service with 
Navy Bureau of Personnel and the 
Navy Materiel Division. Upon comple- 
tion of Navy service in 1947, he 
founded Earl Lipscomb Associates. In 
May of that year, Boonton Radio Cor- 
poration, recognizing the growing need 
for electronic instrumentation by cus- 
tomers throughout the Southwest, was 
one  of t he  f i r s t  companies  to  en-  
g a g e  t h e  se rv ices  of t h e  newly  
formed organization. 

M E E T  O U R  REPRESENTATIVES 
EARL LIPSCOMB ASSOCIATES 

HARRY J .  LANG, Sales  M a n a g e r  

L ‘ -  

Earl LipScomb 

As the needs of the electronics indus- 
try expanded, so did the facilities and 
services of Earl Lipscomb Associates. 
The modern building, which houses the 
Dallas headquarters, comprises over 10,- 
000 square feet of office and shop space 
and includes a complete clerical staff 
engaged in the distribution of technical 
information and processing of customer 

orders. Modern, well-equipped service 
laboratories at the Dallas and Houston 
locations provide calibration and repair 
service for all of the products manu- 
factured by thirteen leading producers of 
precision electronic equipment. These 
facilities are staffed by six factory- 
trained service engineers. 

A special group of five sales en- 
gineers, with specialized training in elec- 
tronic measuring techniques, and two 
engineering trainees devote their entire 
effort to the solution of customer prob- 
lems. This group is equipped to provide 
demonstrations of all equipment in the 
customer’s laboratory; having at its dis- 
posal a unique “laboratory on wheels” 
known as the Travelab’. This mobile 
1 ab  o r at o r y , which  trave Is r egu 1 a r  1 y 
throughout the Southwest, is completely 
equipped to provide operating demon- 
strations and serves to keep the cus- 
tomers abreast of the latest in instru- 

L 

ment design and application. 
It is the objective’of Earl Lipscomb 

Associates to not only provide the cus- 
tomer with the proper instrumentation 
for his specific needs, but also to insure 
that these products continue to provide 
reliable service. For their constant ef- 
fort toward this end, and for their record __ 
of efficient and faithful service to our 
customers, BRC extends a vote of thanks 4 
to Earl Lipscomb Associates. 
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open-circuited outpUt admittance, h2:!bl

is subtracted from the shorr-circuited
Output admittance Y~~b, the resulrant
ourpur circuit admittance is that due to
the current flowing in the short-circuited
input circuit, or in other words, to the
shon-circuit input admittance. This re
Intionship is shown in.( 19), where:

)':!:!b - h~~~ = - -- =
6:!

shorr-circuited input admitmnce
appenring in the Output (19)

"Now: h~l~ =-0::

"
,nd

Substituting (20) in (19):

-h~lhil

"~:!b -h~:!~ = --
e:!

"i l = -- as shown in
h llb

SubstiOiting (IS) in (21):
h:!uel

h llb e,
(Y~~~ -h~~~) = --=-

-h~u e~

(21 )

( 15)

(22)

(23)

when i1 flows and 61 is the generared
feedback voltage which docs nor appear --'
at the input terminals for the short
circuited case.

In measuring h parameters it is as
sumed that all measurements are per
formed at signal levels for whic.h the
transistor is a linear network.

If the shorr-circuit of (14) is re
moved, 6l will appear across the input
terminals and at the same time i l will
go to zero. Therefore, equation (23j
holds when i1 is zero as well as when II

is flowing.

h llh el
(Y~~h-h~~b)-- = -- = hl~h'

-h~lb e:!
when ;'1 is zero.

(20) Equarion (23) is true for the case

MEET OUR REPRESENTATIVES
EARL LIPSCOMB ASSOCIATES

HARRY J. LANG, Sales Manager

Founded by Earl Lipscomb in 1947,
Earl Lipscomb Associates of Dallas,
Texas, is the only engineering sales
representarive organization in the
SOuthwest specializing exclusively in
the field of dectrical and electronic in
strumentation. The company mainmins
offices in Dallas, Housron, and El Paso,
and offers complete technical service
to cusromers in Texas, Oklahoma, Ar
kansas. louisiana, and Mississippi.

Radio and dearonics are nOt new
to Earl Lipscomb, the company's Presi
dent; he has been active in the field
since 1937 when he began as a con
sulting engineer. Duting World War
II, he served in the training, production,
and procurement phases of the Navy's
electronic program. His five-year tour
of dury included training at the Navy
Radar School at M.l.T., and service with
Navy Bureau of Personnol and the
Navy Materiel Division. Upon comple
tion of Navy service in 1947, he
founded Earl Lipscomb Associates. In
May of that year, Boonton Radio Cor
porarion, recognizing the growing need
for elecnonic instrumentation by cus~

ramers throughout the Southwest, was
one of the first, companies to en
gage rhe services of the newly
formed organiz.a.tion.

E,,,llip$Comb

As the needs of the electronics indus
try expanded, so did the facilities and
services of Earl Lipscomb Associates.
The modern building, which houses the
Dallas headquarters, comprises over 10,·
000 square feet of office and shop space
and includes a complete clerical staff
engaged in the distribution of technical
information and processing of customer

•

orders. Modern, well-equipped service
laboratOries at the Dallas and HoustOn
locations provide calibration and repair
~ervice for all of the products manu·
factured by thirteen leading producers of
precision electronic equipment. These
facilities arc staffed by six fanory
rrainl-d service engineers

A special group of five sales en
gineers, with specialized training in elec
tronic measuring techniques, and tWO
engineering nainees devore their emire
effon to the solution of customer prob.
lems. This group is equipped to provide
demonstrations of all equipment in tbe
customer's laborarory; having at irs dis
posal a unique "laboratory on wheels"
known as the ··Travelab". This mobile
laboratory, which travels regularly
throughout the Southwesr, is completely
equipped to provide operating demon
srrations and serves to keep the cus
tomers abreast of the latest in insrru
ment design and application.

It is the objective of Earl Lipscomb
Associares to not only provide the cus
tomer with the ptoper insrrumemation
for his specific needs, but also to insure
that these products continue ro provide
reliable service. For their constant d
forr toward this end, and for their record
of efficient and faithful service co our
cUStomers, BRC exrends a voce of thanks
to Earl Lipscomb Associates.
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The T r a v e l a b " ,  carries a full line of instruments to the customers' laboratory ar plant. 

MODIFICATION OF 
TYPE 202-F SIGNAL GENERATOR 

In order to provide equipment which 
is compatible with the recent extension 
of the telemetering band to 260 mega- 
cycles, BRC announces the availability 
of a modified version of the 202-F 
Signal Generator, on special order, with 
an overall frequency coverage of 195 
to 270 megacycles. BRC will also modify 
existing 202-F Signal Generators cur- 
rently in the field. Please call or write 
your sales representative or Boonton 
Radio for full particulars. 

GENE FRENCH COMPANY 

APPOINTED SALES REPRESENTATIVE 

We are pleased to announce that, ef- 
fective July 1, the Gene French Com- 
pany has been appointed BRC sales re- 
presentative in the New Mexico, Utah, 
and Colorado area. The company main- 
tains offices in Albuquerque and Denver 
and is fully equipped to handle sales, 
application engineering, and service for 
all BRC products. 

"Gene", who has previously handled 
BRC instruments in New Mexico, is 
handling that area. "Hugh' Hilleary is 
heading the new Denver office. Please 

u d o  not hesitate to call upon them for 
information or demonstrations. 

ti-.. 

Hugh Hilleary 
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MODIFICATION OF
TYPE 202-F SIGNAL GENERATOR

In oTdcr to provide equipment which
is compatible wilh the recent extension
of the te!emetering band to 260 mega
cycles, BRC announces the availability
of a modified version of the 202-F
Signal Generator, on special order, with
an overall frequency coverage of 195
10 270 megacycles. BRC will also modify
existing 202-F Signal Generators cur·
rendy in lhe field. Please call or write
your sales representative or Boonton
Radio for full particulllrs.
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GENE FRENCH COMPANY

APPOINTED SALES REPRESENTATIVE

\'Qe are pleased 10 announce thaI, ef
fe<:tive July I, the Gene French Com
pany has b«n appointed BRC sales re
presentative in the New Mexico, Urah,
and Colorado area. The company main
tains offices in Albuquerque and Denver
and is fully equipped 10 handle sales,
applicarion engineering, and service fOr
all BRC products.

"Gene", who has previously handled
BRC insrruments in New Mexico, is
handling thar area. "Hugh" Hilleary is
heading the new Denver office. Please

\.......,..; do not hesitate to call upon them for
information or demonstrations. Gen. Fr.,,<h
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B O O N T O N  R A D I O  C O R P O R A T I O N  THE N O T E B O O K  

Amateur radio has given thrills and 
pleasures to countless thousands of per- 
sons the world over. Few people realize, 
however, that this favorite pastime is 
almost as old as the art itself. There 
were radio amateurs before the begin- 
ning of the present century; not too 
long, in fact, after Marconi astounded 
the world with his invention of wireless 
telegraphy. But amateur radio came into 
its own when private citizens discovered 
this means of personal communication 
with others and set about learning 
enough about “wireless” to build home- 
made stations. Its progress since those 
early days has been remarkable. In the 
first years, amateurs were stuck with 200 
meters and could barely get out of their 
backyards. Today, with years of experi- 
mentation under the amateur belt, inter- 
national DX is a reality and QSOs with 
countries all over the world are com- 
monplace. 

EDITOR’S N O T E  

Personal communications between 
HAMS is only part of the amateur radio 
story. These “home stations” have posted 
a brilliant record of public service. 
Amateur cooperation has played an im- 
portant part in the success of many an 
expedition and, in many cases, has been 
the only means of outside communica- 
tion during several hundred storm, flood, 
and earthquake emergencies in this coun- 
try. These public service endeavors were 
so successful in fact, that in 1938 the 
American Radio Relay League ( ARRL) 
inaugurated a new emergency-prepared- 
ness program, registering personnel and 
equipment in its Emergency Corps and 
putting into effect a comprehensive pro- 
gram of cooperation with the Red Cross. 

The HAM and amateur radio is con- 
stantly in the forefront of technical 
progress too. Amateur radio develop- 
ments have come to represent valuable 

g- 
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contributions to the art. During World 
War 11, thousands of skilled amateurs 
helped to develop secret radio equip- 
ment for both Government and private 
laboratories. In the prewar years, tech- 
nical progress by amateurs provided the 
keystone for the development of mod- 
ern military communications equipment. 

Modern radio owes a lot to these 
indefatigable amateurs for their con- 
tributions to the art. We are proud to 
number among their lot eight of BRC‘s 
employees. 
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EDITOR'S NOTE
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conuibutions ro rhe art. During World
War II, thousands of skilled amateurs
helped to develop secret radio equip
ment for both Government and private
laboratories. In the prewar years, tech
nical progress by amateurs provided the
keystone for the development of mod
ern military communications equipment.

Modern radio owes a lor to these
indefatigable amateurs for their con·
uibutions to the art. We are proud ro
number among their lot eight of BRC's
employees.

The HAM and amareur radio is con
stantly in rhe forefront of technical
progtess too. Amateur t:ldio develop
ments have COllle to represent valuable

Personal communications between
HAMS is only part of the amateur radio
story. These "home stations" have posted
a brilliant record of public service.
Amaleur cooperation has played an im
portant part in rhe success of many an
expedition and, in many cases, has been
the only means of ourside communica
tion during several hundred Storm, flood,
and earthquake emergencies in this coun
try. These public service endeavors were
so successful in facr, rhar in 1938 the
American Radio Relay League (ARRl)
inaugurated a new emergency·prepared·
ness program, registering personnel and
equipment in irs Emergency Corps and
purring into effecr a comprehensive pro
gram of cooperation wirh rhe Red Cross.

Amateur radio has given thrills and
pleasure'S ro countless thousands of per
sons the world over. Few people realire,
however, that this favorite pastime is
almosr as old as the art itself. There
were radio amateurs before the begin
ning of the present century; not tOO
long, in fact, after Marconi astounded
rhe world with his invention of wireless
telegraphy. But amareur radio came into
its own when private citirens discovered
this means of personal communication
with others and set about learning
enough about "wireless" to build home·
made stations. Irs progress since those
early days has been remarkable. In rhe
first years, amateurs were stuck with 200
meters and could barely get out of their
backyards. 'Today, with years of experi
mentation under the amateur belt, inter
national DX is a reality and QSOs wilh
countries all over the world are com·
monplace.
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Noise Limited Receiver Sensitivity Measurement Technique 
John P. VanDuyne,  E n g i n e e r i n g  M a n a g e r  

As the communication industry pushed 
above 30 mc, especially as stimulated by 
the pressures of World War 11, it was 
found that the external noise sources had 
dropped to negligible proportions, com- 
pared to internal receiver noise, above 
100 mc. The need for greater and greater 
radar sensitivity, VHF communication 
range, and less “snowy” TV pictures 
rapidly pushed internal receiver noise 
down to the level where cosmic radio 
background radiation (popularly called 
cosmic “noise”, due to its randomly fluc- 
tuating character) limits useful receiver 
sensitivity from 30 to 100 mc, or down 
to 10 mc in the absence of man-made 
and atmospheric noise. Recent advances 
in low-noise receivers and high-resolu- 
tion antennas used by radio astronomers 
are resulting in distribution maps of 
this radiation3 

In spite of their widely different 
origins, cosmic noise and internal re- 
ceiver thermal agitation voltages are 
similar in character and pose similar 
measurement problems. Man-made and 
atmospheric noise are very different, in 
that they have a discrete impulse nature 
and require different measurement and 
system evaluation technique. The reader 
is referred to A. S. A. Standards C63.2 
and C63.3 for a discussion of their 
measurement. The term “noise” used in 
the following discussion refers to ther- 
mal agitation phenomena unless other- 
wise qualified. 

Measurement Objectives 
A general word should be said with 

regard to the effect of the objective of 
the measurement on the choice of meas- 
urement technique. These objectives fall 
in several categories, the most common 
of which may be stated as follows: 

1. The comparision, on a uniform 
basis, of equipments of the same 
design, or from the same process. 

2. The comparision of equipment 

of basically different design 
with similar desired preformance, 
for purposes of selecting the 
superior design. 

3. The study of equipment perform- 
ance with the intent of improving 
it by redesign. 

4. The study of equipment .perform- 
ance for the purpose of learning 
more about the physical principles 
on which it operates, or to evaluate 
the extent to which the measured 
per formance  approaches  t h e  
theoretical limit. 

The techniques to be discussed re- 
quire increasing degrees of skill and pre- 
cision as the objective changes from 
(1) to ( 4 )  above. 

Noise Limited Sensitivity Criteria 
As previously mentioned, the recep- 

tion of weak radio signals below 30 mc 
was limited by external noise. Hence, 
when measured under laboratory condi- 
tions, such receivers seemed “noiseless”, 
since they had only sufficient amplifica- 
tion to produce rated output on signals 
supplied by a much noisier source than 
the laboratory signal generator. There- 
fore, the early concept of sensitivity was 
a specification of the input required, 
behind some specified network (dummy 
antenna) to produce a prescribed out- 
put. Long range communications oper- 
ators found such receivers inadequate 
when used in quiet locations on well 
designed directional antenna systems. 
Consequently, amplifications were in- 
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Noise Limited Receiver Sensitivity Measurement Technique
John P. VanDuyne, Ertgi1leerit'g Manager

Types of Noise
The fundamentt! limitttion of noise

on the ~ful amplification of II netWork
has long been known. For the first sev
eral decades of the radio receiver design
an, the noise which supplied this limirn·
rion was our of the comrol of the reo
ceiver engineer. Prior to 1940, most re
ceivers in use operated below 30 me, a
region in which atmospheric and man
made electrical disturbances supplied the
noise which ,limited practical receiver
sensitivities.' Laboratory determination
of the sensitivity of such receivers then
consisted of measuring the input level
for a predetermined OUtput. Since the a
ternal noise kvds mentioned above were
usually much higher than the internal
noise in well designed receh'crs, most
sensitivity specifications were written in
terms of microvolts input. ~hind a
SCHed dummy antenna, for 11 given
powet OUtput.

Outing the 1930's, :u the useful high
frequency communication spectrum
pushed above 10 me, the receiving mbes
then in use were found wanting, in that
Ihey generated amounts of noise which
exceeded the noise from external sources.
As a result, new tube designs were de·
vdoped 10 reduce rube shot noise and
induced grid noi~. Although rube de·
signers were successful in keeping rube
noise IO"'cr than the extanal ooise at
frequencies below 30 me until 1$>40. Ihe
problem became acute enough that the
I. R. E. took cogniZllnce of internal reo
ceiver noise in its "1938 Standard for
Measurement of Radio Receivers".:
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As the communication indusuy pushed
above 30 me, especially :u stimulated by
the pressures of World War II, it was
found that the exlernal noise sources had
dropped to negligible proportions, com
pared to internal receiver noise, above
100 me. The need for greater and greater
radar sensitivity, VHF communication
range, and less "snowy" TV pictures
rapidly pushed internal receiver noise
down to the level where cosmic radio
background radiation (popularly called
cosmic "noise", due to its randomly fluc
tuating character) limits useful r«eiver
sensitivity from 30 10 100 me, or down
to 10 me in the absence of man-made
and atmospheric noise. Recent advances
in low-noise receivers and high.resolu
tion aDtCfloas used by radio asttonomers
ate resulting in disltibution map$ of
this radiation.'

In spite of their widdy different
origins, cosmic noise and internal re
ceiver thermal agitation voltages are
similar in character and pose similar
measurement problems. Man-made and
atmospheric noise are very different, in
Ihat lhey have a discrete impulse narure
and require different measurement and
system evaluation technique. The reader
is referred to A. S. A. Standards C63.2
and C63.3 for a discussion of their
measurement. The ram "noise- used in
the following discussion refers to rher
mal agitation phenomena unless OI.her·
wise qualified.

Measurement Objectives
A general word should be said with

regard to the effect of the objective of
the measurement on the choice of mea!
urement technique. These objectives fall
in several oHe,qories, the most common
of which may be stated as follows:

J. The comparision, on a uniform
basis, of equipments of the same
design, or from the same process.

2. The comparision of equipment

of basicaJly different design
with simiw- desired preformancc,
for purposes of selecling the
superior design.

3. The srudy of equipment perform
ance with the intent of improving
it by redesign.

4. The study of equipment .perform
ance for the purpose of learning
more about the physical principles
on which it operates, or to evaluate
the extent to which the measured
performance approaches the
theoretical limit.

The techniques to be discussed reo
quire increasing degrees of skill and pre
cision as the objective changes from
(I) to (4) above.

Noise Limited Sensitivity Criterio
A.s previously mentioned, the recep

tion of weak radio siglWs below 30 me
w:u limited by external noise. Hence,
when measured under laboratory condi
tions, such receivers seemed "noiseless",
since they had only sufficient amplifica
tion to produce rated output on signals
supplied by a much noisier source than
the laboratory signal generator. There
fore, Ihe early concept of sensitivity was
a specification of the input required,
behind some specified netWork. (dummy
antenna) ro produce a prescribed Out
put. Long range communications oper
ators found such receivers inadequate
when used in quiet. locations on well
designed directiooaJ antenna systems.
Consequently, amplifications were in-
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creased, and it soon became possible to 
provide full rated output with no input 
supplied, due to the receiver’s internal 
noise sources. An early solution to this 
problem was to state the sensitivity, as 
previously noted, but qualified by a 
statement of the minimum signal-to- 
noise ratio tolerable at rated sensitivity. 
A more standardized form of this was 
introduced in the I. R. E. 1938 Standard 
for Measurements of Radio Receivers.* 

Equivalent Noise Sideband Input 
This standard introduced the concept 

of “Equivalent Noise Sideband Input” 
or “ensi” as it is usually abbreviated, for 
the measurement of broadcast receivers. 
Ensi is measured by supplying an un- 
modulated carrier, of a specified level 
(E,), through an appropriate source 
impedance to the receiver under test 
and noting the output noise power 
(P,,). 30% 400 cps A. M. is then ap- 
plied and the output 400 cps power 
(P,) is measured with the aid of a 
bandpass  f i l t e r  t o  e l imina te  t h e  
noise power. Then, 

( 1 ) ensi = 0.3 E,9 ,/- 

There are several possible sources of 
error in this measurement which must 
be eliminated or corrected if similar 
results are to be repeated at different 
locations (objectives 1 and 2 )  with 
different equipment, of if anything 
approaching an absolute performance 
measurement is desirable (objectives 3 
qnd 4 ) .  First, the meter used to read 
P,, and P, must be a true rms reading 
device, such as a thermocouple milliam- 
meter. This meter must have reasonably 
constant sensitivity over the output pass 
band of the receiver being tested. This 
is necessary for a proper summation of 
the noise power spectrum to permit its 
proper comparison with the 400-cps 
demodulated sideband power. A second 
potential source of error lies in the 
linearity of the receiver being tested. 

1 NOTES: I. ‘VALID ONL‘Y FOR SINE MODULATION AM 
WITH I F  BANDWIDTH z3 TIMES A F  BANDWIDTH 

CARRIER -TO-NOISE RATIO (db) 

Figure 1.  Universal Curve for Output Signal-to-Noise Ratio 

Since thermal noise has a peak-to-rms 
ratio of about 13 dbl, the receiver (and 
the output meter) must not overload 
at voltage levels up to 4.5 times that 
of the demodulated sideband. The re- 
ceiver detector is another element, the 
transfer linearity of which must-be con- 
sidered if the ensi measurement is to 
be of maximum value. The stated defi- 
nition of ensi ignores detector non- 
linearities. This is justified if the usual 
high-level diode peak detector (so called 
“linear” detector) is used. 

In the description of the ensi mea- 
surement, the carrier value E, was men- 
tioned as “specified”. As a general rule, 
this value should be from 3 to 10 times 
the resulting ensi value. The 1938 
I. R. E. Standard states that the measure- 
ment is to be made at a level 0f15pyif 
the “absolute sensitivity” of the receiver 
is 5 p v  or less and at 50 p v  if the 
sensitivity is between 5 and 50 pv. 
These precautions are necessary, due to 
the fact that the output signal-to-noise 
ratio of an A. M. detector is a non-linear 
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In the description of the ensi mea·
surement, the carrier value E" wa.s men·
tioned as "specified". As a general rule,
this value should be from 3 to 10 times
the resulting ensi value. The 1938
I. R. E. Standard states that the measure·
ment is to be made at a level ofl5f/rv if
the "absolute sensitivity" of the receiver
is 5 iJ-v or less and at 50 iJ-V if the
sensirivity is between 5 and 50 iJ-v.
These precautions are necessary, due to
the fact that the OUtput signal·[o·noise
ratio of an A. M. detectOr is a non·linear
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Since thermal noise has a peak·to-rms
ratio of about [3 db', the receiver (and
[he Output meter) must nOl overload
at voltage levels up to 4.5 limes that
of the demcxlulatoo sideband. The reo
ceiver detector is another element, the
ttansfer linearity of which musr"l>e con·
sidered if the ensi measurement is to
be of maximum value, The stated defi·
nition of ensi ignores detector non·
linearities. This is justified if the usual
high·level diode peak detectOr (so called
'"linear'" detectOr) is used.
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There are severa! possible SOutces of
error in this measurement which must
be eliminated or corrected if similar
results are to be repeated at different
localions (objectives 1 and 2) with
different equipment, Ot if anything
approaching an absolute performance
measurement is desirable (objectives 3
a,nd 4). First, the meter used to read
P" and p. must be a [file rms reading
device, such a.s a thermocouple milliam
mcter, This meter must have reasonably
constant sensitivity over the output pass
band of the receiver being u:stoo. This
is necessary for a proper summation of
the noise power spectrum ro permit its
proper comparison with the 400-cps
demodulated sideband power. A second
potencial source of error lies in the
lineariry of the receiver being t'esled.
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creased. and it soon became possible to
provide full rated output with no input
supplied, due to the receiver's internal
noise sources. An early solution to this
problem was to state the sensitivity, as
previously noted, but qualified by a
Statemcnt of the minimum signal.to.
noise ratio tolerable at rated sensitivity.
A more standardizcd form of this was
inttoduced in the 1. R. E. 1938 Standard
for Measurements of Radio Receivers2

Equivalent Noise Sideband Input
This standard introduced the concept

of '"Equivalent Noise Sideband lnput"
or '"ensi'" as it is usually abbreviated, for
the measurement of broadca$[ receivers.
Ensi is measured by supplying an un·
modulated carrier, of a specified level
(E,.), through an appropriate source
impedance [0 the receiver under test
and noting [he output noise power
(P,,). 30% 400 cps A. M. is then ap·
plied and the Output 400 cps power
(P~) is measured with the aid of a
bandpass filter to eliminate the
noise power. Then,

(1) ensi = 0.3 E.jP./P•.

2
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- function of the carrier-to-noise ratio. It 
is also a function of the I. F.-to-A. F. 
bandwidth ratio and it varies with the 
shape of the amplitude-vs-frequency re- 
sponse curves of these two portions of 
the receiver. In general, however, if the 
carrier-to-noise ratio into the detector 
exceeds 10 db, the errors in the out- 
put signal-to-noise ratio becomes neglig- 
ible. Figure 1, taken from reference 4, 
illustrates this fact. For further detail on 
this matter, the reader should consult 
references 4, 5, and 6. 

It should be noted, especially, in 
comparing different receiver designs for 
weak signal performance, that the effects 
of the second detector on output signal- 
to-noise ratio will not show up with a 
standard ensi measurement. For this 
reason the ensi measurement has given 
way in many specifications, to the mea- 
surement of sensitivity as f ie  input, be- 
hind a specified source impedance, re- 
quired to produce a stated output with 
a specified minimum signal-to-noise 
ratio. In evaluating equipments under 
such a specification, the second detector 
effects will usually be pegligible if, the 
output signal-to-noise ratio is 10 db 
or more and if the noise-free transfer 
characteristic of the detector is linear. 

An additional proposal for a sensitiv- 
ity figure which combines the concept 
of maximum gain with the limitations 
imposed by the receiver internal noise 
level has been suggested by J. M. Pet- 
tit.7 In this proposal, the concept of 
“standard gain setting” is introduced. 
This is defined as the setting of the 
gain control which permits the delivery 
of a previously decided upon standard 
noise output to a specified load. This 
standard noise output must be specified 
for a given class of service and for 
specific equipments. For example, it 
might be specified as 0.5 milliwatts in 
600 ohms as is typical for some com- 
munications equipment. The procedure 
for measurement is to connect the test 
equipment to the receiver, but with the 
signal generator adjusted for zero out- 
put. The receiver gain control is then 
adjusted for standard noise output. The 
output of the signal generator is then 
increased until “standard output” is ob- 
tained on the output indicator. The level 
from the generator is then noted as the 
receiver sensitivity. If standard noise 

mum gain” or a “maximum sensitivity” 
criteria is used as previously discussed. 
This procedure is a formalization of 

\ output is not achieved, then a “maxi- - 

OUTPUT 
4-TERMINAL NETWORK CIRCUIT SI G N A L G EN E RATOR 

r) 

INPUT OUTPUT 
TERM. TERM. 

0 0 0 
I I - 1 I U 

Attenuator of character- 
istic impedance R and 
attenuation >>1 

S Signal power available at the output 
termlnals of the 4-terminal network. 

N Noise power available at the output 
S, Power available at Sig. Gen. Output terminals of the network. 

terminals. 
V l  

5, = y 
G S/S, which depends on generator irn- 

pedance but not on load connected ta 
network. This is defined for midband 
frequency of network. 

Figure 2a. Equivalent Circuit for Noise Figure Definition 

the previously mentioned general class 
of sensitivity specifications which state 
an input signal level for a specified 
signal-to-noise ratio. 

The measurement precautions men- 
tioned under the discussion of ensi ap- 
ply to any sensitivity measurement in- 
volving the ratio of single-frequency 
power to the power in a noise spectrum. 

Noise Figure 
In an effort to work out a more basic 

measure of receiver performance when 
limited by random noise, several work- 
ers proposed rating the noise character- 
istics of a receiver, independent of its 
amplification. The specific proposal 
which has come into general use is that 
by D.O. Norths. A later paper by Friis9 
developed a more rigorous general def- 
inition of Noise Figure. This allowed 
the concept to be applied to networks 
generally. In addition, Friis developed 
techniques for handling the noise per- 
formance of networks in cascade. This 
work permits calculation of a system 
noise figure from that of its compo- 
nents or vice versa. 

Figure 2a shows the general circuit 
analyzed. The concept of available power 
is used in this analysis to avoid loss of 
generality due to dependence on the 
receiver input impedance or the load 
connected to the receiver output. Friis 
defines Noise Figure of a network 
(sometimes called Noise Factor and Ex- 
cess Noise Ratio) as “the ratio of the 
available signal-to-noise ratio at the sig- 
nal generator terminals to the available 
signal-to-noise ratio at its output term- 

inals”. From Figure 2b, we have the 
available signal-to-noise ratio of the gen- 
erator as S,/KTB and that for the net- 
work as S/N. 

Available 

Power 
r. Thermal Noise = P. 

4KTRB 

4R 
P,= -- - KTB watts. 

e, = equivalent Thermal noise voltage. 
e,? = 4KT B where K = 1.38 x 1 O-13. 
Thus, the available signal-to-noise ratio for 
the above generator is SJKTB, and the net- 
work output available signal-to-noise ratio 
is S/N. 
(From Fig. 1, p. 419 of Reference 9) 

Figure 2b. 
a Resistor 

Available Thermal Noire Power from 

If F E Noise Figure, we have by our 
statement above 

s, - 
KTB S, N 

X -; ( 2 )  F = -  - - - 

S S KTB 

N 
- 

( 3 )  

( 4 )  

S 
but G -; 

s, 
N 

so F z -‘ 
GKTB ’ 
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inals". From Figure 2b, we have the
available signal-IO-noisc ratio of the gen
eraror as S~/KTB and that for rhe net
work as SIN.

5 = Signal paw.. available al Ihe a..lpul
- !e.minal. af Ihe 4_,minal netw.. ,k.

N = N..i.e p ..w.. available al 'he ....,p..,
- ' ..minal. af 'he netwa.k.

G :;;::: SIs., which depend. an gen..ala. im_
pedance b..1 nal an laad c..nnecled I..
nelwa,k. Thi. i. delined f .. , midband
frequency al nelwa,k.

'.

OUTPUT
CIRCUIT

Availabl,
Thermal Hal..
Paw"E-

4-TERMINAL NETWORKSIGNAL GENERATOR

R ! OUTPUT INPUT OUTPUT

E
+

TERM. TERM. TERM.

the previously mentioned general class
of sensitivity specificnions which state
an input signal level for a specified
signal-ro-noise rario.

The measurement precaucions men
tioned under the discussion of ensi ap
ply to any sensirivity measurement in
volving the rncio of single-frequency
power to the power in a noise spectrum.

AlMnuala. af cha.aa...
i,lic impedance II and
atten ..alian >>,

s. = P..we, availab~ al S'g. Gen. OUlp..'
- !e,m'nal•.

V'
S.=-..

function of the carrier-tO-noise tatio, It
is also a function of the L F.-tO-A. F.
bandwidth rado and it varies with rhe
shape of the amplirnde-vs-frequency re
sponse curves of these twO pordons of
the receiver. In general, howtOver, if the
carrier-to-noise ratio inco the detectOr
ex.ceeds 10 db, the errors in the OU(
pUt signal-to-noise ratio becomes neglig·
ible. Figure 1, taken from reference 4,
illustrates this faer. For further derail on
this matter, the reader should consult
references 4, S, and 6.

It should be nored, especially, in
comparing different receiver designs for
weak signal performance, that the eHects
of the second detectOr on OUtput signal
to-noise ratio will not show up with a
standard ensi measurement. For this
reason the ensi measurement hilS given
way in many spc<:ifications, to the mea
surement of sensitivity as (he input, be
hind a specified source impedance, re
quired to produce a Stated output with
a specified minimum signal-co-noise
ratio. In evaluating equipments under
such a specification, the second detector
effects will usually be J;leg!igible if. the
OutpUt signal-to-noise ratio is 10 db
Ot more and if the noise-free transfer
characteristic of the detectOr is linear.

N

fig.." 210. Availabl, rh"mal Hal" '"wer fr..m
a R..i.,ar

s,

If F =. Noise Figure, we have by our
statement above

N
---;
GKTB

= I(T8 watt •.

wF

41(TR8..'. =

(4 )

.. = equivalenl Thermal n..i.e val'ase.
e.'=4KTS ",h..e:K=1.38" 10----".
Th.... Ihe ovailable .i9nal-l.... n..i.. 'ali.. f...
Ihe ab ..ve sen"alo, i. S.,/KT8, and Ihe net_
",..rk ....,p.., av.. il ..ble .ignal-la_n..'" ...lia
i, SIN.
(F,am Fig. 1. p. 419 af Ref,..n.. 9)

KTB SjI N
(2) F=-=-X-;

S S KTB

s
(3) bur G _ --;

S,

Figure 2a shows the genera! circuit
analy~ed. The conCept of available power
is used in this analysis to avoid loss of
generality due to dependence on the
receiver input impedance or the load
conncaed w the receivet output. Friis
defines Noise Figure of a network
(sometimes calJed Noise FaCior and Ex
cess Noise Ratio) as "the ratio of the
available signal-w-noise ratio at the sig
nal generator terminals w the available
signal-to-noise ratio at irs output term-

Noise Figure
In an effon to work our a more basic

measure of receiver performance when
limited by random noise, several work
ets proposed rating the noise character
istics of a receiver, independent of its
amplification. The specific proposal
which has come into general use is that
by 0.0. Norrh8. A later paper by Friis9
developed a more rigorous general def
inition of Noise Figure. This alJowed
the concept to be applied to networks
generaUy. In addition, Friis developed
techniques for handling the noise per
formance of networks in cascade. This
work permits calculation of a system
noise figure from that of its compo
nems or vice versa.

An additional proposal for a sensitiv
ity figure which combines the concept
of maximum gain with the limitations
imposed by the receiver internal noise
level has been suggested by J. M. Pet
tit. 7 In this proposal, the concept of
"standard gain setting" is inrroduced.
This is defined as the setting of the
gain COntrol which permits the delivery
of a previously decided upon standard
noise outpm to a specified load. This
standard noise outpUt must be specifitxl
for a given class of service and for
specific equipments. For example, it
might be specified as 0.5 miUiwatts in
600 ohms as is typical for some com
muniClltions equipment. The procedure
for measurement is to connca rhe test
equipment to the receiver, but with the
signal generntor adjusted for zero out
put. The receiver gain comrol is then
adjusted for standard noise output. The
output of the signal generalOr is then
increased until "standard ompUl" is ob
tained on the omput indicator. The level
from the generator is then noted as the
receiver sensirivity. If standard noise
output is nOt achieved, then a "maxi
mum gain" or a "maximum sensitivity"
criteria is used as previously discussed.
This procedure is a formalization of
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( 5 )  or N = FGKTB, which includes 
the amplified signal generator thermal 
noise power GKTB so the available out- 
put noise, due only to sources in the 
network, is ( F- 1 ) GKTB. 

For simplicity, the usual measurement 
method is to adjust the attenuator A 
(Figure 2a) such that the output noise 
power is doubled by the generator sig- 
nal. Under this condition, S = N and 
from equation ( 2 )  : 

(6 )  F = -  __ 
V2 

- s, 
KTB RAKTB’ 

V2 

A 
if e2, = - 

where e, is in microvolts delivered to a 
load from an R ohm source - (implicit 
d u e  t o  ou r  use of t he  avai lable  
power concept). 
K = 1.38 x 10-23 (Boltzman’s 

B = bandwidth in kc 
T = 290” Kelvin (17°C) 

R = generator source in ohms 

constant) 

(for arithmetic convenience) 

e2, 
F =- x 106 

4RB 
(as a power ratio) 

(e2. x 106 ) . -  
(7)  or Fdb = 10 log 

4RB 

It is important to note that the band- 
width B introduced in Figure 2b repre- 
sents the bandwidth of an equivalent 
rectangular power pass band of gain G 
and an area equal to that under the ac- 
tual power gain vs frequency curve of 
the device being tested. In mathematical 
notation, 

1 r o D  

where Gt E available power gain at 
frequency f. 

G = available power gain at 
the frequency of the CW 
measurement. 

In a practical case, B may be deter- 
mined by plotting the squared ordinates 
of the voltage gain vs frequency chve  
as a function of frequency, calculating 
the area of the resulting curve graphi- 
cally, and dividing by the value of G at 
the specific frequency, within the pass- 
band, to which the generator in Figure 
2a is tuned. 

I 

P 

- 

I F OUT 

NARROW BAND POWER VARIABLE FREQ- 
CW OR RANDOM NETWORK STANDARD NOISE UNDER DETECTOR GENERATOR TEST 1.F: FILTER 

Figure 3. Single Frequency Noise Figure - 1. F. Filter Method 

Alternative to the use of a CW signal 
generator is the use of a random noise 
generator such as a temperature limited 
diode. This permits a simpler measure- 
ment to be made, without the need to 
determine B, but yields an answer which 
is actually the mean value of F. For 
purposes of receiver “front-end” evalua- 
tion, this is often sufficient, but for 
the evaluation of the noise figure of 
networks involving modulation or de- 
modulation, or cascaded networks of dif- 
ferent bandwidths, or networks in which 
the source resistance is a variable with 
frequency, the measurement of “single 
frequency” noise figure is often neces- 
sary if proper evaluation is to be made. 

I. F. noise spectrum is much wider than 
1/2 of the I. F. response (Reference 6) ,  
thus when using the I. F. filter method 
of Figure 3,  a much narrower than ex- 
pected I. F. filter is required. By the use 
of a CW generator and A. F. filter (Fig- 
ure 4 ) ,  useful data on the variation of 
single frequency noise figure through a 
network pass band can be derived rather 
simply. In solving equation 8 it should 
be noted that the value for G is that 
which corresponds to the frequency of 
measurement in the pass band. The re- 
sulting value of B is used in equation 
( 7 )  to solve for the single frequency 
noise figure. 

There are several types of measure- 

A.E OUT - 

Note: the standardization of the output power detector for a 3db output power increase should be 
accomplished by introducing a known 3db change in IF gain. 

Figure 4. Single Frequency Noise Figure - A. F. Filter Method 

The single frequency noise figure 
concept as distinct from the mean noise 
figure (which is what has been de- 
scribed above) is thoroughly discussed 
mathematically in reference ( 10). The 
classical method of measurement is to 
insert a variable center frequency nar- 
row-band filter between the network 
being measured and the power detector. 
The single frequency noise figures which 
result from measurement through each 
center freqyency of the narrow filter 
are then weighted by their relative gains 
and averaged. See Figure 3 for this 
set-up. Since this technique is often in- 
convenient, a frequently useable ap- 
proximation results from the use of 
a CW generator, a narrow-band A. F. 
filter, and a power detector as in Figure 
4. The A. F. noise spectrum resulting 
from wide-band demodulation of an 

ment for which the CW noise figure 
measurement is necessary. A typical one 
is the case of a receiver with a selective 
filter ahead of the first noise source 
which is comparable to the I. F. selec- 
tivity. In this case, a temperature limited 
diode measurement with a wide-band 
power detector may indicate a poor noise 
figure (mean noise figure). Measure- 
ment with a single frequency method 
may disclose a good band center noise 
figure, but with rapid deterioration 
toward the band edges, which indicates 
an incorrect choice of R. F. selectivity, 
impedance match compromise, or too 
wide a coupling circuit between the first 
and second stages of amplification if the 
second stage contributes appreciable - 
noise. 

solving equation ( 7 )  for e,. 
Some interesting data results from 

(5) or N = FGKTB, which includes
the amplified signal generator thermal
noise power GKTB so the available out
put noise, due only to sources in the
network, is (F-\) GKTB.
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For simplicity, the usual measurement
method is to adjust the attenuator A
(Figure 2a) such that the Output noise
power is doubled by the generator sig
nal. Under this condition, S = Nand
from equation (2):

S... V2

(6) F=-=---
KTB RAKTB

V'
ife2.= __

A
where e, is in microvolts delivered to a
load from an R ohm source - (implicit
due to our use of the available
power concept).
K = 1.38 x to-28 (Bolrzman's

constant)
B = bandwidth in kc
T=290° Kelvin (17°C)

(for arithmetic convenience)
R = generator SOurce in ohms

Alternative to the use of a CW signal
generatOr is the use of a random noise
generator such as a temperature limited
diode. This permits a simpler measure
ment to be made, without the need to
derermine B, but yields an answer which
is actually the mean value of F. For
purposes of receiver "from-end" evalua
tion, this is often sufficient, bur for
the evaluation of the noise figure of
networks involving modulation or de
modulation, or cascaded networks of dif
ferem bandwidths, or networks in which
the source resistance is a vatiable with
frequency, the measutement of "single
frequency" noise figure is often neces
sary if proper evaluation is to be made.

I. F. noise spectrum is much wider than
!h of the I. F. response (Reference 6),
thus when using the I. F. filter method
of Figure 3, a much narrower than ex
pected I. F. filter is required. By the use
of a CW generator and A. F. filter (Fig
ure 4), useful data on the variation of
single frequency noise figure through a
nerwork pa~ band can be derived rather
simply. In solving equation 8 it should
he noted that the value for G is that
which corresponds to the frequency of
measurement in the pass band. The re·
suIting value of B is used in equation
(7) to solve for the single frequency
noise figure.

There are several types of measure-

(7) or Fd~ = 10 log

e2•
F=--x10 6

4RB
(as a power ratio)

A f OUT,

I'ow
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NETWORK " II POWER
GENERATOR SOURCE R UNOER fiLTER DETECTOR

TEST
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figllre.. $i"9'. f ..qu."cy Noi•• figur. - A. f. fille, Method

Not.: the lIan"anli.alion of th. output powe, ...~<I0, fo, 0 3.. b OUlpllt power incr.a•••hourd b.
ouornp)i.h.d by introdudng 0 known 3..b <hong. in If goin.

It is important to note rhat the band
widrh B inm:xluced in Figure 2b repre
sentS the bandwidth of an equivalent
rectangular power pass band of gain G
and an area equal to that under the ac
tual power gain 'IS frequency curve of
the d~vice being tested. In mathematical
nora,rlon,

I J;ro
B=- G,dl

G 0

where G, =available power gain at
frequency f.

G = available power gain at
the frequency of the CW
measurement.

In a practical case, B may be deter
mined by plotting the squared ordinates
of the volmge gain 'IS frequency cUrve
as a funerion of frequency, calculating
the area of the resulting curve graphi.
cally, and dividing by the value of G at
the specific frequency, within the pass
band, to which the generator in Figure
2a is tuned.

The single frequency noise figure
concept as distiner from the mean noise
figure (which IS what has been de
scribed above) is thoroughly discussed
mathematically in reference (10). The
classical method of measurement is to
insert a variable center frequency nar
row-band filter between the network
being measured and tlie power detector.
The single frequency noise figures which
result from measurement through each
center freql.lency of the narrow filrer
are then weighted by their relative gains
and averaged. See Figure 3 for this
set-up. Since this technique is often in
convenient, a frequently useable ap
proximarion results from the use of
a CW generatot, a narrow-band A. F.
filter, and a power detector as in Figure
4. The A. F. noise spectrum resulting
from wide-band demodulation of an
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ment for which the CW noise figure
measurement is necessary. A typical one
is the case of a receiver with a selective
filter ahead of the first noise source
which is comparable to the I. F. selec·
tivity. In this case, a temperature limited
diode measurement with a wide-band
power detector may indicate a poor noise
figure (mean noise figure). Measure·
ment with a single frequency method
may disclose a good band center noise
figure, but with rapid deterioration
toward the hand edges, which indicates
an incorrect choice of R. F. selectivity,
impedance match compromise, or tOO
wide a coupling circuit between the first
and second stages of amplification if the
sec~)[)d stage contributes appreciable
nOIse.

Some interesring data results from
solving equation (7) for e•.
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Figure 5. Values of e, for Various Noise Figures and Bandwidths 

( 9 )  e, = J 4RBx antilog Fm 

Figure 5 plots these results for several 
bandwidths and for R = 50 ohms. Note, 
for example, that with a noise figure of 
3 db and a bandwidth of 3 kc, the input 
signal, eH, required to double the avail- 
able noise power output is 0.035 mic- 
rovolts. This is approximately true for a 
voice frequency VHF A. M. communi- 
cations receiver of good design. Obvi- 
ously, a generator of extremely .low 
leakage and good low-level calibration 
is required to make this measurement. 

An external 40-db pad is usually re- 
quired to reduce the usual 1.0 -pv 
minimum level to the order of 0.01 pv. 

There are several sources of error in 
noise figure measurements. Typical are 
those associated with the super-hetero- 
dyne selectivity of the receiver under 
test. In general, the I. F. and image fre- 
quency rejections must exceed 10 db if 
significant error is to be avoided. It is 
interesting to note that such spurious 
responses will give a pessimistic (high) 
noise figure if a CW generator is used 

for the measurement, but an optimistic 
reading if a broad-noise spectrum gen- 
erator is used. This is due to the fact 
that in the former case, the receiver is 
exposed to unwanted noise generators 
(I. F. or image) which have no signal 
counterpart. 

Another source of error may occur in 
the determination of the doubled output 
noise power. This is not as critical as in 
the case of the ensi measurement, since 
the detector output with a CW signal at 
a 3-db signal-to-noise ratio is largely 
composed of noise sidebands. The best 
method is to calibrate the I. F. amplifier 
for a 3-db gain differential, so that the 
detector operating point stays the same. 
If the device permits, insertion of a 3-db 
attenuator is best, if it can be done 
without an accompanying change in 
bandpass. Alternatively, the gain control 
can be calibrated for a 3-db gain change. 
Either of these two methods can be used 
to calibrate the detector characteristic to 
answer the question of its power re- 
sponse. It should be noted that any at- 
tempt to use a modulated signal for 
noise figure measurement is beset with 
all the errors of the ensi method and 
should be avoided. 

A precaution which is important to 
all sensitivity measurements, but especi- 
ally so in the case of noise figure, is the 
need to accurately control the generatot 
source impedance and noise tem- 
perature. In the absence of contrary sys- 
tem requirements, a resistance should 
be used equal to the nominal transmis- 
sion line impedance for which the re- 
ceiver is designed and corrected to 290' 
K from the actual temperature. 

Conclusion 
Sensitivity measurements made on re- 

ceivers which have sufficiently low in- 
ternal noise to detect thermal noise in 
the source are among the most exacting 
which can be made on a radio receiver. 
Good results require good equipment,' 
careful set-up, and careful experimental 
technique. Most important, however, is 
a thorough understanding of the theo- 
retical basis of the measurement and the 
use to which the results are to be put. 
The precautions and suggestions in the 
preceding discussion have all been thor- 
oughly proven by extensive use in the 
laboratory and are offered to the reader 
a.s a guide  t o  be t t e r  exper imenta l  
procedure. 
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for the mC'llSurement, but an optimistic
reading if a. broad-noisc spectrum gen
erator is used. This is due to the fact
that in the former case, the receiver is
exposed to unwanted noise generators
(I. F. or image) which have no signal
counterpart.

Anothet SOUIce of error may occur in
the determination of the doubled outpUt
noise power. This is nO{ as critical as in
the cue of the ensi measurement, since
the detector outpUt with 3. CW signal at
a 3-db signal-tO-noise ratio is largely
composed of noise sidebands. The best
method is to calibrate the I. F. amplifier
for a 3-db gain differential, so that Ihe
detector operating point stays the same.
If the device permits, insertion of a 3-db
attenuatOr is besl, if it can be done
without an accompanying change in
bandpass. Alternatively, the gain control
can be calibrated for a 3-Jb gain change.
Either of these tWO methods an be used
to calibrate the delectOr characleristic to
answer the question of its power re
sponse. It should be nored that any at
tempt to use a modulated signal for
noise figure measurement is besel with
all the errors of the ensi method and
should be avoided.

A precaution which is important co
all sensitivity lTleasuremenn, but especi
~lly so in the case of noise figure, is the
need to accurately control the generaror
source impedance and noise tem
perature. In the absence of contrary sys
tem requirements, a resistance should
be used equal to the nominal transmis·
sion line im~dance for which Ihe re
ceiver is designed and corrected to 2900

K frOm the acroal temperature.

(9) 1", = j 4RBx 10-1\ antilog Fd~'

Figure 5 plots th~ results for several
b.,ndwidths and for R = 50 ohms. Note,
for example, that with a noise figure of
3 db and a bandwidth of 3 kc, the input
signal, e., required ro double rhe avail
able noisc power OUlput is 0.035 mic
rovolts. This is approximately troe for a
voice frequency VHF A. M. communi
cations receiver of good design. Obvi
ously, a generatOt of extremely low
leakage and good low-level calibration
is required to make this measurement.

An external 40-db pad is usually re
quired to reduce the usual 1.0 -J.Lv
minimum level to the order of 0.01 p.v.

Conclusion
Sensitivity measurements made on re

ceivers which have sufficiemly low in
ternal noise to detecl thermal noise in
the source are among the most exacting
which can be made on a radio receiver.
Good results require good equipment,
areful set·up, and careful experimental
technique. MOSt important, however, is
a thorough underslanding of the Iheo
retieal basis of the measurement and the
use to which the results are to be put.
The precautions lind suggestions in the
pre<:eding discussion have all been [hor
oughly proven by extensive use in the
laboratory and are offered to the reader
a-s a guide to bener experimental
procedure.
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There are several sources of error in
noise figure measurements. Typical are
rhose associated with the super-hetero
dyne sclectivity of the receiver under
rest. In general. the I. F. and image fre
quency rejections must exceed 10 db if
significant error is to be avoided. It is
interesting to note that such spurious
responses will give a pessimistic (high)
noise figure if a CW generator is used
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More About Transistor Measurements 
With The HF-VHF Bridge 

GEORGE P. McCASLAND, Sales  Engineer 

The response to the transistor meas- 
urement article, which appeared in Note- 
book No. 19, was gratifying indeed. 
Many helpful suggestions. and criticisms 
were received from Notebook readers. 
Your author hopes that the information 
presented here will serve to correct and 
clarify' several points in question. 

hZlb and hlZb Formulas 

The derivation of h21b as explained 
in the appendix to the original article 
is not entirely correct. Diagram 4 on 
page 5 of Notebook No. 19 shows el 
to be positive toward the emitter ter- 
minal of the transistor. In diagram 7, 
on the other hand, el is shown positive 
toward the base terminal. Actually, cur- 
rent flow shown in both cases requires 
that el be positive toward the emitter 
terminal. Therefore, the derivation of 
the h21b formula should have been 
given as: 

il = - (1 - cc ) ie from diagram ( 7 )  

el 

Now: hllb = - from diagram ( 4 )  
i e  

In deriving the formuhs for hzlb and 
h12b,  certain approximations were made 
which were not specifically mentioned 
in the original article. Formal network 
theory shows these approximations. For 
example, from the table of Matrixes of 
3-Terminal Networks on page 506 of 
Reference Data for Radio Engineers, by 
I.T.T. we find that: 

From page 503 of the same book: 
d = h11 h2z--h12 h21-h12 +A21  +I 

Ah = hll h22 - 4 1 2  h21, 

and 

for junction transistors: 
Ah <<h21 

h12 <<I 
d 1 +h21.  

Converting RX Meter Readings 
to Admittance and Impedance 

The RX Meter directly reads out re- 
sistance in parallel with a capacitance 

( +Cp)  or an inductance ( -Cp) .  If 
RX Meter readings are converted to ad- 
mittance, +C, converts to a positive 
susceptance and -Cp converts to a neg- 
ative susceptance. When RX Meter read- 
ings are converted to impedance, + C p  
converts to a negative reactance and 
-Cp converts to a positive reactance. 
These changes of sign must be remem- 
bered when using the series-parallel - 
conversion chart. Considering these 

2 s  in Table IV on page 4 of Note- 
book No. 19 are 144-j52 and 65fj66 
while correct polar 2 s  are 153/-20" 
and 93/45". The signs and j's preced- 
ing C, (ohms) in the same table are 
somewhat misleading and should there- 
fore be disregarded. 

changes in sign then, correct rectangular d 

Calculation of h2,b and cc 

Using the corrected hzlb formula and 
corrected values from Table IV, the 
new sample calculation of h21b should 
read as follows: 

hZlb  = --oc = --1 
hllb 

hlle 

93/45" 
- - -1 E .61 /e -1 

1 5 3/-20 

.26 + j .55 - I 

- .73 + j  .55 

--a = .93/143" h 2 l b  = 

- - 

cc =.93/-37" 
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hllb and h 'Ib Formulas

;1 = -(I-<X) ;~fromdiagram (7)

-"
hilt = -- from diagram (7)

"

.61/65° -1
93&
----I
1531 20°

=.26+i55-1

h l1b

h211.=-0:: =----1
hUt

Using the correned h2U formula and
corrected values from Table IV, the
new sample calculation of h2lb should
read as follows:

(+c~) or an inducrance (-C~). If
RX Meter readings are converted to ad
mittance, +C, converts to a positive
susceprance and -C~ converts to a neg
arive susceptance. When RX Meter read
ings are converred to impedance, +C,
converts to a negative reactance and
-C~ converrs to a positive reacrance.
These changes of sign must be remem
bered when using the series·parallel
conversion chart. Considering these
changes in sign then, correct re<:tangu[ar
Z's in Table IV on page 4 of Nore·
book No. 19 afe t44-j52 and 65+j66
while correct polar Z's are 153~
and 93L1,L. The signs and j's preced·
ing C~ (ohms) in the same table are
somewhat misleading and should there
fore be disregarded.

Calculation of hllb and a.

= - .73 +i 55

h2a =-IX = .93L..l.1.L.

0:: = .93/ 37°

h11b

h2lb =----1 =-<X.
htl •

h\\~
h\.. =---

d

Therefote:

Converting RX Meter Readings
to Admittance and Impedance

From page 503 of the same book:
d = h tl h22 -h\2 h2\ -h12 +h~l +1

6.h = h\1 h2~ -h12 h21,

.nd

hUb
-<X =----1 =h2u

hllt

for junCtion transistors:
f::..h «h2\

b l2 «I
d:::::l+b 2 \.

In deriving rhe fotmulas for h2U and
6,2b, certain approximations were made
which were not specifically mentioned
in the original article. Formal network
theory shows these approximations. For
example, from the table of Matrixes of
3·Terminal Networks on page 506 of
Reference Data for Radio EngineerJ, by
I.T.T. we find that:

The RX Meter directly reads OUt re
sistance in parallel with a capacitance

"
(1-<X)i.

hIlt = -----
-(l-<x)j~

-"

The response to the transistor meas·
urement anide, which appeared in Note·
book No. 19, was gratifying indeed.
Many helpful suggestions. and criticisms
were received from Notebook readers.
Your author hopes that the information
presented here will serve to correct and
clarify" several points in '1uestion.

hm
hu .=--

1- "

"Now: hUb = -- from diagram (4)
i.

The derivation of h~1b as explained
in the appendix to the original article
is nm entirely correct. Diagram 4 on
page 5 of Notebook No. 19 shows el
to be positive toward the emitter ter
minal of the transistor. In diagram 7,
on the other hand, e\ is shown positive
toward the base tetminal. Actually, cur
rem flow shown in both cases requires
that el be positive toward the emitter
terminal. Therefore, the derivation of
the h21~ formula should have been
given as:

6



T H E  N O T E B O O K  

M E E T  O U R  REPRESENTATIVES 
BlVlNS AND CALDWELL 

HARRY J.  LANG, Sales  M a n a g e r  

Bivins and Caldwell, Inc. was founded 
by John F. Bivins and David J. Caldwell 
shortly after their return to High Point, 
North Carolina at the close of World 
War 11, in the belief that electronics 
and radio communications would play 
an incceasingly important role in the 
future industrial development of the 
South. The specific need for a technical 
group to provide local customers with 
sales and application engineering serv- 
ices on complex electronic equipment 
was apparent and the ’partners formed 
their organization to represent leading 
manufacturers of communications and 
electronic laboratory test equipment. 

Both partners, by virtue of their back- 
grounds, brought a wealth of specialized 
experience to the new company. John 
Bivins majored in physics and engineer- 
ing at Duke University and had been 
in the radio and communications busi- 
ness in High Point for nearly ten years 
prior to World War 11. Dave Caldwell 
majored in physics and engineering at 
Davidson, taught physics at that school 
for two years after graduation, and later 
held posts in the production and cost 
accounting fields. During the War, Dave 
Caldwell served in the Planning Section 
(G3) of the Army, and John Bivins 
was employed as a special engineer with 
the Navy Department, dealing with 
planning and supervision of Radar in- 
stallations on Naval vessels. 

Industrial expansion throughout the 
South during the past eight years di- 
rectly confirmed the early beliefs of 
Bivins and Caldwell and also brought 
about a decisive change in the Bivins 
and Caldwell organization. While broad- 
casting equipment accounted for the 
major portion of their business up until 
approximately 1949, the rapid growth 
of electronic manufacturers and related 
industries, created increasing demands 
for specialized services in the applica- 
tion of electronic instrumentation and 
the organization now handles precision 
electronic laboratory equipment exclu- 
sively. Bivins and Caldwell joined BRC 
in 1952 and has continuously handled 
our products since that time. 

With increased business activity came 
the requirement for expansion of the 
company’s personnel and facilities. C. 
M. Smith, Jr. joined the expanding com- 

L-“ 

L 

Headquarterr of Bivins and Caldwell, Inc. in High Point, N. C. 

The company’s facilities have also 
been increased, with branch offices in 
Atlanta, Georgia, and Orlando, Florida. 
The new headquarters building in High 
Point is one of the most modern and 
best arranged office facilities in the 
area. The Service Department here, un- 
der the direction of Mr. Robert L. 
Moore, has complete repair and recali- 
bration facilities and is well equipped 
to service all products that are cur- 
rently handled. All offices are equipped 

pany in 1950. “Smitty” is an engineer- 
ing graduate of North Carolina State 
College with extensive communications 
engineering experience. During World 
War I1 he served as an Electronics Of- 
ficer with the U. S. Navy and was an 
instructor at the famed M.I.T. Radar 
School in Boston, Mass. Later additions 
to the staff have increased total per- 
sonnel to over 21; 9 of which are field 
engineers who concentrate exclusively 
on customer problems. 

Shown in conference are, left-to-right, 
John Bivins, Douglas Severence, David Caldwell, and C. M. Smith, Jr. 
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The company's facilities have also
been increased. with branch offices in
Adama, Georgia, and Orlando. Florida.
The new headquarters building in High
Poim is one of the most modern and
best uranged office facilities in [he
area.. The Service Department here, un
der [he direction of Mr. Robert L.
Moore, has complete repair and recali
bration facilities and is well equipped
to service all products that are cur·
rently handled. All offices are equipped
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pany in 1950. "Smitty" is an engineer.
ing graduue of North Carolina State
College with eJttensive communications
engineering ellperience. During World
War U he served as an Elecrronics Of·
ficer with the U. S. Navy and was an
instruCtor at the famed M.I.T. Radar
School in Boston, Mass. Later additions
10 the staff have increased toral per
sonod 10 over 21; 9 of which arc field
engineers who concentrate t'1Ic1usively
on CUSlOmer problems.
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Bivins and Caldwell, Inc. was founded
by John F. Bivins and David J. Caldwell
shonly after their return to High Point,
Nonh Carolina al the close of World
War II, in the belief that electronics
and radio communications would play
an increasingly imporram role in the
future industrial deveJopmem of the
South. 1be specific need for a technical
group to provide local cuslomers wilh
sales and application engineering servo
ices on complex electronic equipmem
was apparent and the· panners formed
their organiution 10 represem leading
manufacrurers of communiarions and
electronic laboratory test equipmem.

Bot:h partners, by virtue of their back·
grounds, brought a weailh of specialiud
uperience 10 the new company. John
Bivins majored in physics and engineer
ing at Duke University and had been
in the radio and communications busi
ness in High Poim for neuly ten years
,Prior to World War II. Dave Caldwell
majored in physics and engineering at
Davidson, taught physics at that .school
for twO years after graduation, and later
held posts in the production and COSt
accouming fields. During the War, Dave
Caldwell served in the Planning Section
(G3) of the Army, and John Bivins
was employed as a special engineer with
the Navy Department, dealing with
planning and supervision of Radar in
stallations on Naval vessels.

Industrial expansion throughout the
South during the past eight years di
rectly confirmed the early beliefs of
Bivins and Caldwell and also brought
about a decisive change in th.e Bivins
and Caldwell organiullion. While broad
casting equipment accounted for the
major ponion of their business up umil
approximately 1949, Ihe flIpid growth
of electronic manufacturers and related
industries, created increasing demands
for specialized services in the applica
tion of elecuonic instrumentation and
the organizalion now handles precision
electronic laboratory equipment exclu
sively. Bivins and Caldwell joined BRC
in 19~2 and has cominuously handled
our products since that time.

With increased business aCtivity came
the requiremem for expansion of the
company's personnel and facilities. C
M_ Smilh. Jr. joined the eJtpanding com-
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with TWX service for efficient com- 
munication with all factories. The com- 
pany also maintains a fleet of eight ve- 
hicles for use by field engineers. The 
Bivins and Caldwell Fall Road Show, 
which runs for about four weeks, covers 
some 4,000 miles and is an annual event 
attended by several thousand engineers 
in the local area. 

Bivins and Caldwell believes that 
their organization must operate on the 
premise of fundamental engineering in- 
tegrity. Their basic objective is to assist 
customers in solving engineering prob- 
lems and to recommend the best avail- 
able test equipment and techniques for 
the particular job to be done. We  at 
BRC proudly salute Bivins and Caldwell 
for their faithful service to our many 
valued customers throughout the South. 

EDITOR‘S NOTE 
John P. Van Duyne Appointed 
Engineering Manager at BRC 

The appointment of John P. Van- 
Duyne as Engineering Manager, effec- 
tive August 18, 1958, has been an- 
nounced by Dr. George A. Downs- 

brough, President. Mr. Van Duyne comes 
to BRC with 15 years of experience in 
the fields of engineering and electronics. 
The major part of his experience has 
been in the development and produc- 
tion of electronic instruments. 

After receiving his Bachelor of Science 
degree in Electrical Engineering from 
Rensselaer Polytechnic Institute of Troy, 
New York in December 1943, Mr. Van 
Duyne served with the U. S. Signal 
Corps where he instructed in radar and 
radio relay techniques. During his last 
year of service, he was engaged in the 
design of Radio Countermeasures epuip- 
ment in the Coles Laboratory at Fort 
Monmouth, New Jersey. 

Following his discharge from the Sig- 
nal Corps in 1946, Mr. Van Duyne 
joined the Measurements Corporation 
of Boonton, N. J. as Project Engineer 
and was engaged in the development of 
signal generators. 

In August 1948, he became associated 
with the Allen B. DuMont Laboratories, 
East Paterson, New Jersey, serving suc- 
cessively as Senior Engineer, Section 
Head of the Advanced Development 
Section, and Section Head of the Cir- 
cuit Design and Development Section. 

From March 1953 until he joined 
BRC in August, 1958, Mr. Van Duyne 
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held posts with the Westinghouse Elec- 
tric Corporation in Metuchen, New Jer- 
sey. He served as Engineering Section 
Manager and was engaged in the design 
of color television receivers until Jan- 
uary 1956 when he was appointed Man- 
ager of TV Engineering. He served in 
the latter capacity until he joined BRC. 

An active radio “ham”, Mr. Duyne 
is also a member of Tau Beta Pi, Eta 
Kappa Nu, Sigma Chi and the Institute 
7f Radio Engineers. 
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with T\VX service for eWcient com
munication wirh all factories. The com
pany also maintains a fleer of eight ve
hicles for use by field engineers. The
Bivins and Caldwell Fall Road Show,
which runs for about four weeks, covers
some 4,000 miles and is an annual event
auended by several thousand engineers
in the local area.

Bivins and Caldwell believes thac
their organization must operate on the
premise of fundamental engineering in
tegrity. Their basic objective is to a5Sist
customers in solving engineering prob
lems and to recommend the best avail
able test equipment and techniques for
the panicular job to be done.. We at
BRC proudly salute Bivins and Caldwell
for their faithful service to our many
valued customers rhroughout the South.

EDITOR'S NOTE

John P. Van Duyne Appointed
Engineering Manager at BRC

The appoinrment of John P. Van
Duyne as Engineering Manager, effec
tive August 18, 19~B, has been an
nounced by Or. George A. Downs-

brough, Presidem. Mr. Van Duyee comes
to BRC with I~ ytuS of operieoce in
the fields of engineering and decuonics.
The major pan of his experil":oce has
been in the development and produc
tion of electronic instruments.

Afrer receiving his Bachelor of Science
degree in Electrical Engineering from
Rensselaer Polytechnic Institute of Troy,
New York in December 1943, Mr. Van
Duyne served with the U. S. Signal
Corps where he instructed in radar and
radio relay techniques. During his last
year of service, he was engaged in the
design of Radio Countermeasures epuip
mem in me Coles Laboratory at FOrt

Monmouth, ew Jersey.
Following his dlsch1rge from the Sig

nal Corps in 1946, Mr. Van Duyne
joined the Measurements Corporation
of Boonton, N. J. as Project Engineet
and was I."npged in the devdopmem of
signal gl":nl":rators.

In August 1948, he became associated
with the Allen B. DuMont Laboratories,
East Paterson, New Jersey, serving suc·
cessively as Senior Engineer, Seaion
Head of [he Advanced Developmem
Section, and Section Head of the Cir
cuic Design and Development Section.

From March 1953 until he joined
ORC in Augusc, 1958, Mr. Van Duyne

held posts with the Westing~ E1ec·
tric Corpon.tion in Metuchen, New Jet- C
sq. He served as Engineering Section
Manager and was engaged in the design
of color television receivers until Jan-
uary 1956 when he was appointed Man·
ager of TV Engineering. He served in
che lauer capacity until he joined I3RC.

An active radio "ham", Mr. Duyne
is also a member of Tau Bcta Pi. Era
Kappa Nu, Sigma Chi and the Institute
"If Radio Engineers.

JOHN'. V.....OOYNf

O.LANDO, fI ..,id"
""'11'15" CAlDWEll
1216 E Col""'"lo.,v.
1.I.ph_, Clole". 1 1091

OnAWA 0"",,;,,, C""od"
u.ny ENGINEE.INu. ltD.
41 Spo,~. s.,_.
T.I.plo..... , tEnltal 2·V821

I1QCHfSTf/l 10. N"", Yo,~

t .... OSS NN & "'SSOC.. INC
no l:~clon u.
f.I ...h"... , IU"I"w 6·4940
'WJ:, .0 "ll'

S1. , ...Ut ". Mi.. " ....,,,
caoss~n "'$$O-C.. INC..2."•...- u .._
1.............. /oil 6 lUI
TWX, $T' 1111

S...N "ANCISCO. c"m",..,,,
'0''''1'1 GRoo$ CO....'ANY
lin l". "'11", "'yon...
lot ... Ito" Colil....nio
T.~, WH',.d,H '·nM

TORONTO, 0",,,,;,,, C"""do
....nY ENGINHRING, l10.
Hun. Slt_.
"'1... , On,..,;", C"na....
1.10,"_' Ai'" 118
(T_.,,) EMpll. 2·3741

HUNTSVIllE, A.lobo",...
IIVINS .. CAlDWEll
'.Ioph""., JEII...o.. 2·3733
(01.... II". '0 ,1,.1""...) .

HOUSTON S. I ..,n
EARl llf'SCO/ol' "'SSOC,...tES
,. 0 4m
3123 .1 "'......... v ......
'.1.,. /oI()I,.,wk 7·2407

INDIANAPOLIS 20. ,..d,.." ..
C.OSSUY ...sse So. I,..C.
3420 ",,,,rto Coll.e<' "'yon_
1.1• .,1>_, Cliff"" .. 1·9135
lWX, I' 545

RADIOONBOO

HA.IFO.D, Co....O'd>cllf
INST.UMEN' As.soclAnS
~A'l"-A_
, ............' 0I0pel7_IlM

OAnON If. Ohio
C.OSSlEY ...sse·S~ INC.
,] 'o,k AY."...
foloph_ AX"'I...... '·3"'~

twx, 01 J06

DENVER, Colo,odo
GENE fRENCH CO/ol'ANY
3M" Sou'" I ..~"o,k s,,_.
E""I.wood. Col.,....""
'.I.ph""., SU"••• 9-3331
TWX, ENGlEWOOD, COlO. 106

Et ',1,50, 1000o,
E.... l II'SCOMI ASSOC, ...tUno ,.."... Soo..._ St,_
I;h.+_ 2·7211

A.UUQUEltQUf, New Me~i<o

GENE fUNCll CO/ol, ...NY
120 S- ' 0 Dt;ve, S. E.
Yeleph_, 1oIhet.. '·201
TWX, "'Q70

A.HANTA., Ceo'",o
I''''INS .. C... lOWEU
3U3 M""I~ 0.1••• N.E.
1.1."1.,,,,", Cf"", 3·7522
lWX, ,1,1 \187

IINGHAM/ON. N... ro,~

E ... OSS....ANN .. "'SSOC_. INC.
1~7 ,,"'" 5.,•• ,
'0'•••,,1. 1'1.", l k
101.1'1._ EN..I '·1»96

100NION. New J~,..y
IOON'ON ....0'0 CO.I'O.Atl0N
I"...v"lo .-..
1.10""- OE.. ':.Id ~·'200
TWX, BOONfON ,..1 U.

CHICAGO ~5. W;"o"
c.OSSlfl AS5O'S.. INC.
1711 W.., liow.," S••
101.01.'1"'.' SH.I..,o'. )·1500
fWX, CG JOIl

•
NEW JERSEY ",=============:!J

p",.. '" u.s....



M&j24 1 A General Purpose Precision nal 

mining elements will have to be made 
at periodic intervals through the range. 
It is impractical to imagine that vary- 
ing one element, or varying both L and C 
for that matter, could possibly permit 
coverage of the 10 to 500-mc range 
in one band. At lower frequencies one 
can often choose from several different 
coils with a selector switch, but in the 
UHF range, leads and connections must 
be short, precluding the use of simple 
switching. 

CHARLES G. GORSS, Deve lopment  E n g i n e e r  

ATTENTION 
NOTEBOOK SUBSCRIBERS 

We are currently revising our sub- 
scription list. If you wish to continue 
to receive the BRC Notebook and 
have not mailed a reply card please 
fill out and return the enclosed post 
card. PLEASE DO NOT MAIL A 
CARD IF YOU HAVE ALREADY 
DONE SO. 

Design Considerations 
The primary purpose of a signal 

generator is to simulate, acurately, some 
part or parts of a transmission system 
which are not conveniently operated at 
a test area or in a laboratory. Most im- 
portant among the design considerations 
of such a device are its size, the precis- 
ion with which it simulates test signals, 
and the stability of the simulated signals. 
Because test and laboratory space is 
usually limited, the signal generator is 
required to cover, in one small package, 
a band of frequencies wide enough to 
test an entire system, usually many 
times the size of the signal generator it- 
self. As electronic systems have become 
more precise, the precision require- 
ments placed upon the signal generator 
designed for use with these systems have 
become more stringent. A natural com- 
panion to precision is stability: the 
generated frequency, in particular, must 
not vary under the influence of the 
power line or amplitude modulation. In 
simulating weak signals into a high- 
sensitivity receiver, it must be possible 
to set the output of the signal generator 
to provide signals as low as 0 . 1 , ~ ~  with 
the knowledge that the results are not 
being clouded by leakage from the gen- 
erator enclosure. Therefore, the design 
of the enclosure is very important along 
with all of the circuit design considera- 
tions. 

Oscillator 
The range chosen for this design is 

10 to 500mc, the area of most in- 
tensive use in equipment development. 
Covering such a range with a single 
oscillator, implies that some changes in 
the parameters of the frequency deter- 

\-j 
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A General Purpose PrecisionM§~~ll~enerator
CHARLES G. GORSS. Development Engineer

ATTENTION
NOTEBOOK SUBSCRIBERS

We are currently revising OUf sub
scription list. If you wish to COntinue
to receive the BRC Notebook and
hafJe not mailed II reply card please
fill OUt and cecum the enclosed posr
card. PLEASE DO NOT MAIL A
CARD IF YOU HAVB ALREADY
OONESO.

In common USI." today is the concept
of rhe turret, a device which acrually
removes the induCtive clement of the
resonant circuit and replaces it wilh an
othe.r element. This would seem ·to suit
our purpose, because in such a device,
lead length can be cont.rolled. However,
positioning must be very accurate and
very stable. Providing a means for con
tacring these coils as they come into
position requires careful consideration.
The contacts musr have low inductance
and stray capacitance as well as a stable

Rf OSC. CATH. RF r. RF OUT
10-500MC f----- AMPLIFIER
2-2AF-4-A

WRf SET
1- 6AN-4 ATTEN.

jf-<
PLATE GRID I ~ j;;;:~

II
RF

B'

PULSE
AM

AUOIO OSC.
~

AUOIO OUT l''"'0081000..... 0- AMPLIFIER
1-6AU8 • -6AU8

~

rNT.:.,~
0

EXT. E- AM
LEVEL

- L

AM ..

FitI.... 2. F""di_,,1 aloe. Di"I1'"''
mining elements will have to be made ,..--.:...------- ,
at periodic intervals dt.raugh the range.
It is imprncrical to imagine that vary
ing one element, or varying both Land C
for thar marrer. could possibly permit
coverage of the 10 to 5OD-mc range
in one band. At lower frC<:Juencies one
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be shon, precJuding the use of simple
switching.

FM --I

YOU WILL FIND ..•
A G""",,,I P..,po"" P."<i.io,, Sill",,1

G""",,,IO' .
A Sill"ol Ge"".o,o. ("/io.",,,, '0' RF

Lev,,' ""d P•• C"M AM .••••••. S
"t""'''''''''';''11 FM_"M Sig""j Ge"".",,,. 1
2S,ft A",,;verso.y '0' IRC ••••••. . . .. 1

De5ign Considerations
The primacy purpose of a signa!

generator is to simulate, acurarely, some
pan or parts of a u7.nsmission system
which are niX convcnjenuy operated at
a test area or in a laboratory. Most im
portant among the design considerations
of such a device ate its size, the precis
ion with which it simulates test signals,
and the stability of the simulated signals.
Because test and laboratory space is
usually limited, the signal genetam( is
required to cover, in one small package,
II band of frequencies wide enough to
rcst an entire syStem. usually many
rimes the size of the signal generatOr it
self. Iu electronic systems have become
more precise, the precision require.
ments placed upon the signal gc-nentor
designed for use with these systems have
become morc stringent. A natural com·
panion (0 precision is srabiliry: the
genenred frequency, in panicular, muse
nor vary under the influence of the
power line or amplituge mqdulation. In
simulating weak signals into a high
sensitivity receiver, it must be possible
to set the output of the signal generator
to provide signals as low as O.lflV with
the knowledge that rhe results are nor
being clouded by leakage from the gen·
entor enclosure. Therefore, the design
of Ihe enclosure is very importanl aloog
with all of the circuir design considen
lions.

Oscillator
The range chosen for this design is

10 10 500mc, the area of most in·
tensive use in equipment developmenr.
Covering such a range with a single
oscillator, implies thaI some changes in
the parameters of rhe frequency deter-
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low resistance. The physical structure of 
the turret is very important also, as any 
tendency of the basic structure to change 
dimensions or warp would result in 
frequency instability. 

Use of the turret imposes certain limi- 
tations on the actual oscillator circuitry. 
The preferred circuit is one which em- 
ploys a minimum number of moving 
contacts. It would be desirable then to 
design an oscillator with a feedback net- 
work which could be fixed for all fre- 
quencies so that additional switch con- 
tacts would not be required. A circuit 
which fits the turret requirements quite 
well, with a minimum number of con- 
tacts in the frequency determining net- 
work, is shown in Figure 3. The feed- 
back is accomplished with a capacitive 
divider from one plate to the opposite 
grid, using the grid capacitance of the 
tube to cathode together with a fixed 
mounted capacitor from the other plate. 
This two-tube oscillator is particularly 
adaptable to our requirements for sev- 
eral reasons. First, it gives more power 
than a single tube of the 2AF4-A class; 
an important factor because good isola- 
tion from the modulator will be a re- 
quirement of the overall system and 
the more power there is to dissipate in 
isolation, the less reaction there will be. 
Second, the feedback is simple and 
fixed. Third, the two-tube oscillator 
works very well with a split-stator cap- 
acitor which requires no wiping con- 
tacts. This is important because wiping 
contacts on an oscillator capacitor would 
introduce noise and instability. In this 
oscillator, the center of the tank is at 
ground potential and therefore the rotor 
of the capacitor is also at ground po- 
tential for RF frequencies. With this 
arrangement the capacitance to ground 
of the capacitor drive is noncritical. 
Since the center of the oscillator coil is 
also roughly at the neutral or ground 
plane; plate power can be injected at 
this point from a common supply ring 
on the turret. This ring may be a simple 
slip ring rather than a switchable con- 
tact. Actually the oscillator turret is so 
constructed that the center of each coil 
is permanently tied back to this common 
slip ring through individual 100-ohm 
resistors. These resistors serve to break 
up undesirable RF paths, but do not 
introduce any appreciable plate voltage 
or radio frequency loss. 

Coupling from the oscillator is ac- 
complished by a pickup coil wrapped 
on the same form as the oscillator tank. 
Its output is picked up by two wiping 
contacts (similar to the contacts in the 

tank circuit) on the side of the turret. 
Mechanical considerations in this part 

of the circuit have been very carefully 
thought out. The contact buttons on the 
turret are of coin silver and the mating 
spring fingers are of beryllium copper 
with a rolled-on coin silver overlay of 
0.0025-inch thickness. (Silver plating 
can not be depended upon to withstand 
wear.) The turret itself is cast in an un- 
modified Epoxy Resin made by CIBA 
known as Araldite 6060 casting resin. 
This material has a reasonably low co- 
efficient of expansion (50 ppm/’C and 
contains no filler material. The result 
is a very stable casting with no internal 
stresses and good machinability. Araldite 
resin is used to cement the silver button 
contacts into the casting. The circuit 
itself is mounted on a silver-plated brass 
chassis in a way which minimizes lead 
lengths and maintains the fundamental 
circuit symmetry. The basic enclosure 
tying the entile assembly together is a 
heavy aluminum casting mounted on 
a ,/,” silver-plated aluminum base plate. 
Positioning of the turret is accomplished 
by means of a stainless steel shaft which 
mounts a heavy hardened steel detent 
plate. The detent plate is restrained by 
an arm and roller assembly which is 
substant ia l ly  spr ing  loaded for  
positive positioning. 

SLIP RING --Fa+ 

Figure 3. Oscillator Circuit 

Modulator 
There &re many ways to modulate an 

RF signal once it is produced and it 
was necessary to evaluate these various 
methods in order to make the wisest 
choice. It was thought, at first, that it 
would be best if the modulator did not 
require tuning. This would immediately 
simplify the job by eliminating one 
tuning capacitor. It developed however, 
that this approach would create a prob- 
lem in the output system. The piston 
attenuator in the output system operates 

T H E  BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
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to  scientists, engineers and other inter- 
ested persons in the  communications 
and electronics fields. T h e  contents may 
be reprinted only wi th  written pennis- 
sion f r o m  the editor. Your comments 
a n d  s u g g e s t i o n s  a r e  w e l c o m e ,  a n d  
should be addressed to: Editor, T H E  
B R C  N O T E B O O K ,  B o o n t o n  R a d i o  
Corfioration, Boonton, N .  J. 

with a rather large insertion loss; around 
30 db over our frequency range. What 
is more, at least 20 db of attenuation is 
required between the modulator and the 
oscillator to prevent spurious frequency 
modulation as a result of amplitude 
modulation. An untuned modulator 
would impose an additional insertion 
loss. The output requirements of 0.1 
volts is db below a milliwatt. With 20 
db required for isolation, 10 db for mod- 
ulation, and 30 db for the attenuator, 
there is a total loss of 60 db between 
the oscillator and the output. This means 
that a ridiculously high figure of roughly 
500 watts would be required to provide 
the desired output. The oscillator dis- 
cussed previously, puts out about 500 
milliwatts lightly loaded. 

i Diode Modulator 
Another approach worthy of consid- 

eration is some form of diode modulator 
following the piston attenuator. There 
seem to be two objections to this ap- 
proach. First, the noise generated in the 
diodes would be objectionable at low 
levels such as 0 . 1 ~ ~ .  Second, the high 
levels of voltage necessarily applied in 
order to produce a 0.1-volt output would 
necessitate operation of the diodes in 
a more linear operating range and there- 
by destroy the modulation capabilities. 
Typical low-level diode modulators of 
this type have about 50K pv maximum 
input and about 10 db insertion loss, 
meaning that the maximum modulated 
RF output would be around 15K pv. 
An advantage of this type modulator 
would be that the piston attenuator 
could couple directly to the oscillator 
and eliminate the second tuned stage, 
However, the poor low-output capabili- 
ties make it unsuitable for our purpose. 

Tuned Grounded-Grid 
Trode Amplifier 

If the modulator could be designed to 
provide a 20-db gain, instead of the 
10-db loss introduced by an untuned 
modulator, there would be only a 30-db \,/ 
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low resistance. TIle physical structure of
the turret is very important also, as any
tendency of the basic structure to change

dimensions or warp would resulr in
frequency instability.

Use of the turret imposes cerrain limi
tations on the actual oscillator circuitry.
The preferred circuit is one which em
ploys a minimum number of moving
concaets. It would be desirable then to
design an ~cillator with a feedback net
work which could be fixed for all fre
quencies so that additional switch con
taelS would nOl be required. A circuit
which fits the turret requirements quite
well, with a minimum number of con
tacts in the frequency determining net
work, is shown in Figure 3. The feed
back is accomplished with a capacitive
divider from one plate to the opposite
grid, using the grid capacitance of the
tube to cathode rogether with a fixed
mounted capacitor from the Other plate.
This tWO-tube oscillator is particularly
adaptable to our requirements for sev
eral reasons. First, it gives more power
than a single rube of the ZAF4-A class;
an important facror because gco:l isola
rioo from the modularor will be a re
quirement of the overall system and
the more power there is to dissipate in
isolation, the less reactioo there will be.
Second, the feedback is simple and
fixed. Third, the two-rube oscillator
works very well with a split-stator cap
acitor which requires no wiping con
tacts. This is important because wiping
contacts on an oscilJawr capaciror would
introduce noise and instability. In this
oscillator, the cenrer of the tank is at
ground potential and therefore the rotor
of the capa,itor is also at ground po
tcntial for RF frequencies. With this
arrangement the capacitancl:' to ground
of the cajXlcitor drive is noncritical.
Since the center of the oscillator coil is
also roughly at the .neutral or ground
plane; plate power can be injected at
this point from a common supply ring
on the turret. This ring may be a simple
slip ring rather than a switchable con
tact. Actually the oscillator turret is so
constructed that the center of each coil
is permanently tied back to this common
slip ring through individual lOO-ohm
resistors. These resistors serve to break
up undesirable RF paths, bur do not
introduce aoy appreciable plate voltage
or radio frequency loss.

Coupling from the oscillator is ac
complished by a pickup coil wrapped
on the same form as the oscillator tank.
hs OUtput is picked up by twO wiping
contacts (similar to the contacts in the

tank circuit) on the side of the turret.
Mechanical considerations in this pan

of the circuit have been very carefully
thought our. The contact buttons on the
turret are of coin silver and the mating
spring fingers arc of beryllium copper
with a rolled·on coin silver overlay of
0.oo25-inch thickness. (Silver plating
can not be depended upon to withstand
wear.) The turret jtself is cast in an un
modified Epoxy Resin made by elBA
known as AraJdit(' 6060 casting resin.
TIlis material has a reasonably low co
efficiem of expansion (50 ppmj"C and
comains no filler material. The result
is a very stable casting with 00 imernal
stresses and good machinability. Acaldite
resin is used to cemem the silver button
COntacts into the casting. The circuit
itself is moumed on a silver-plated brass
chassis in a way which minimizes lead
lengths and maintains the fundamental
cirj:uit symmetry. The basic enclosure
tying the entile assembly together is a
heavy aluminum caseing mounted on
a ~"silver-plated aluminum base plate.
Positioning of the mrret is accomplished
by means of a stainless steel shaft which
mounts a heavy hardened steel detem
plate. The detent plate is restrained by
an arm and roller assembly which is
substantially spring loaded for
positive posirioning.

SLIP "ING,.
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Figur. 3. OKill,,'o. Circuir

Modulator
111ere are many ways to modulate an

RF signal once it is produced and it
was necessary to evaluate these various
methods in order to make the wisesr
choice. It was thought, at first, thar it
would be best if the modulator did nor
require tuning. This would immediately
simplify the job by eliminaring one
tuning capacitor. It developed however,
that this approach would create a prob
lem in the OUtpUt system. The piston
atcenuator in rhe OUtpUt system operates
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with a rather large insertion loss; around
30 db over our frequency range. What
is more, at leasr ZO db of attenuation is
required bctwt-en the modulator and the
oscillator ro prevent spurious frequency
modulation as a result of amplitude
modulation. An untuned modularor
would impose an additional insertiOn
loss. The output requirements of 0.1
volts is db below a miHiwatt. With 20
db required for isolation, 10 db for mod·
ulation, and 30 db for the attenuator,
there is a total loss of GO db betwccn
the oscillaror and the ourput. This means
that a ridiculously high figure of roughly
500 watts would be required to provide
the desired OUtput. The oscillatar dis
cussed previously, pues out about 500
milliwans lightly loaded.

Diode Modulator
Another approach worthy of consid

eration is some form of diode modulawr
following the piston attenuatar. There
seem ro be tWO objections to [his ap
proach. First, the noise generated in the
diodes would be objenionable at low
levels such as D.lfLv. Second, rhe high
levels of voltage necessarily applied in
order ro produce a D.I-volt OUtpUt would
necessitate operation of the diodes in
a more linear operating range and there
by destroy the modulation capabilities.
Typical low-level diode modulators of
this type have aboUt SOK p.v maximum
input and about 10 db insertion loss,
meaning that the maximum modulated
RF OUtput would be around 15K p.v.
An advantage of this type modularor
would be that the pisron attenuator
could couple directly to the oscillator
and eliminate the second tuned stage.
However, the poot low-outpUt capabili
ties make it unsuimble for our purpose.

Tuned Grounded-Grid
Trade Amplifier

1£ the modularor couid be designed 10

provide a ZO-db gain, instead of the
IO-db loss introduced by an untuned
modulator, there would be only a 3D-db
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loss beyond the oscillator and the oscil- 
lator output requirement would need 

u to be only 500 milliwatts. A tuned 
grounded-grid amplifier, utilizing a 
6AN4 UHF triode, will provide this 
20-db gain. The gain drops as 500 mc 
is approached, but improved attenuator 
coupling at the higher frequencies com- 
pensates for this effect. 

There are several ways to modulate 
a tuned grounded-grid triode amplifier; 
by means of the plate, grid, or cathode. 
Both plate and cathode modulation re- 
quire power. Grid modulation does not 
require power, but requires careful selec- 
tion of operating point for reasonable 
linearity. Since this stage would not be 
operating as a class C amplifier, linear 
plate modulation would not be possible. 
Therefore, in the interest of simple low- 
powered amplitude modulation, a grid- 
modulation system was chosen. 

In such a system, the grid must be 
well grounded for the RF signals but 
not for audio signals. This requires that 
a suitable capacitor be placed from grid 
to ground. A cQmmon failing of a high- 
frequency, grounded-grid stage is in- 
stability caused by the existance of in- 
ductance in the grid circuit. This results 
in positive feedback and possibly oscil- 
lation. Therefore, the grid capacitor 
selected must be a very low-inductance 
device. 

The RF ground of the stage is estab- 
lished by a large silver-plated brass shield 
closely contoured to the tube socket 
and passing directly through the center 
of the tube socket and the grid pins 
which are located 180’ apart. This 
shield not only establishes ground but 
shields the plate from the cathode. The 
grid leads are soldered to a sheet of 
silver-plated copper which covers the 
entire surface of the shield. A thin sheet 
of reconstituted mica separates the cop- 
per sheet from the shield. The copper 
sheet, covers both sides of the shield 
and acts as a very low-inductance bypass 
capacitor of 1500 ppf. This arrange- 
ment imposes a maximum RF reactance 
of 10 ohms at 10 mc; the lowest gen- 
erated frequency. The maximum audio 
frequency to be passed by the modulator 
is 20 kc. At this frequency, the bypass 
capacitor is not less than 5000 ohms. 
To enable good pulse modulation, this 
capacitance would require 15 ma in 
order to permit the grid voltage to rise 
from 0 to 10 volts in 1 ,us. The 15-ma 
current is based on the fact that a 10- 
volt pulse will cut off the amplifier. 
This is easily accomplished in the aver- 

i/ 

age pulse generator as long as there is 
no large series impedance between the 
generator and the grid. 

Maximum isolation between the oscil- 
lator and the amplifier was given pre- 
viously as a criterion for minimizing 
spurious frequency modulation. For this 
reason, as well as in the interest of 
maintaining the operating point of the 
modulation at an optimum level, the 
output level control was incorporated 
in the coupling between the oscillator 
and the modulator. This is merely a 
variable resistive voltage divider into 
which the oscillator output is fed. Only 
enough voltage to drive the modulated 
amplifier to the level which produces 
0.1-volt output is taken from the divider. 
If a fixed attenuator were used it would 
have to be made small enough to insure 
full output at all frequencies under the 
limits imposed by tube parameter varia- 
tions. The amplifier gain would then 
have to be reduced under these condi- 
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Figure 4. Modulator Circuit 

tions to match this fixed attenuator. The 
result would be that, under many con- 
ditions, the stage gain would be reduced 
unnecessarily to match the fixed at- 
tenuator and, although the resulting 
spurious FM would be within the ad- 
vertised specifications, it would not be 
as low as the tubes were capable of 
making it if they were allowed to per- 
form at their optimum capabilities. 

Another reason for not changing the 
anode potentials in some uncontrolled 
manner is that, as previously stated, 
control-grid modulation requires careful 
selection of the stage operating point. 
The bias level is quite critical if low dis- 
tortion is desired. Because the attenuator 
coupling decreases with decreasing fre- 
quency, the average level of drive to 
the final stage increases as the frequency 
decreases. The impedance of the mod- 
ulator’s tuned load also is higher for 
each lower band because the same tun- 
ing capacitor is used on all six bands. 

These factors result in a different opti- 
mum grid bias being required for each 
range. This is accomplished by means 
of a switch, coupled to the range knob, 
which selects the proper bias for each 
range. The distortion is further reduced 
by overall inverse feedback which will 
be described further on in this paper. 

To maintain maximum isolation be- 
tween the amplifier and oscillator, the 
amplifier is housed in a separately 
shielded casting, very similar to the 
oscillator casting. The energy passing 
between the two castings is fed through 
a coaxial cable which is enclosed in 
copper tubing to prevent leakage. This 
coaxial cable couples directly into the 
variable resistive attenuator which in 
turn couples to the cathode of the 
amplifier. This construction prevents 
stray fields or circulating currents which 
might cause sudden unpredictable in- 
creases in spurious FM at discrete 
frequencies. 

The grounded-grid amplifier circuit 
tank (Figure 4 )  is similar to a push- 
pull tank except that one tube has been 
replaced with a reactive network. A 
true push-pull stage utilizes a complex 
driver transformer and would furnish 
more power than is required. This one 
tube arrangement was used in order 
that the amplifier circuitry would be 
similar iR design to the oscillator, with 
the same design of turret and tuning 
capacitor, so that the two circuits would 
track naturally. The turret is the same 
as the turret used in the oscillator 
except that there is no pickup winding. 
(The attenuator pickup coil couples 
directly to the tank coil.) 

The tuning capacitor is the same 
capacitor used in the oscillator except 
that several plate sections have been 
omitted. The oscillator and amplifier 
tanks are necessarily of slightly different 
design because, in the oscillator, the feed- 
back capacitors add to the minimum 
tank capacitance. In the amplifier, the 
connections from the turret to the tun- 
ing capacitor are slightly longer to ac- 
comodate the attenuator. Therefore, this 
tank has a somewhat higher inductance 
and a lawer capacitance than ‘the oscil- 
lator tank. In order to assure reasonable 
tracking with these unequal tank para- 
meters, fewer plate sections were used 
in the amplifier tuning capacitor. The 
reduced AC in the amplifier, in com- 
bination with the lower residual capacit- 
ance, results in a frequency range which 
closely tracks the oscillator. 

The turret is cast with one flat side 
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age pulse generatOr as long as there is
no large SC'ries impedance between the
generator and the grid.

Maximum isolation between the oscil
lator and m~ amplifier was given pre
viously as a criterion for minimizing
spurious frequency modulation. For this
reason, as well as in the intercst of
maintaining the operating point of the
modulation al an optimum level, the
OUtpUt level conuol was incorporated
in me coupling betwC'1i':n the oscillator
and th~ modulator. This is merely a
variable resisdve voltage divider intO
which the oscillator Oillput is fed. Only
eoough voltage to drive the. modulated
amplifier to the 1~'e1 which produces
O.I-volt OUtput is taken from the divider.
If a fixed anenuator were used it would
have to IX' made small enough to insure
full OUt1".ll a( all frequencies under the
limitS imposed by rube patllftlC'ter varia
Lions. The amplifier gain would then
have to be reduced under these condi-

dons to match this fixed lIuenuator. The
result would be that, under many cotJ.
ditions, the stage gain would be reduced
unnecessarily to march the fixed at
tenuator and, although the resulting
spurious FM would be wilhin the ad·
vertise<! specifications, it would not be
as low as the tubes wete capable of
making it if they were allowed to per
form at their optimum capabilities.

Another reason for not changing the
anode potentials in .some uncontrolled
manner is that, as previously stated,
control.grid modulation requires careful
seleo:ion of the stage operating point.
The bias level is quite critical if low dis
(Onion is desited. Because the attenuator
coupling decreasc.-s with dccre21sing fre
quency, the average level of drive to
£he final sta.';e increases as (he frequency
decreases. TIle impedance of the mod
ularor's tuned load also is higher for
each lower band because: the same tun
ing capacitor is used on all six bands.

These factOrs result in a different opti
mum grid bias being required for each
range. This is accomplished by means
of a switch, coupled to (he range knob,
which scleas the proper bias for each
mnge. The distortion is funher reduced
by overall inverse feedback which will
be described further on in this paper.

To maintain maximum isolation be
tween the amplifier and oscillator, the
amplifier is housed in a sepatluely
shielded casting. very similar to the
oscillator casting. The energy passing
between the twO c:asrings is fed through
a coaxial cable which is enclosed in
copper tubing to prevent le2kage. This
coaxiaJ cable couples direccly into the
variable resistive attenuator which in
rum couples to the cathode of the
amplifier. This coosuuctioo prevents
stray fields or circulating cutretlts which
might ClUSC sudden unpredictable in·
creases in spurious FM at discrer:e
frequencies.

The grounded·grid amplifier circuit
tank (Figure 4) is similar to a push.
pull rank excepl that one tubl.- has been
replaced with a reactive netWork. A
tcue push-pull stage utilizes a complex
driver transformet and would furnish
more power than is required. This one
tube arrangement was used in order
Ihat the amplifier circuitry would be
similar ill. design to Ihe oscillaror, with
the same design of turret and tuning
capacitor, so that the two circuitS would
track naturally. The tunet is the same
as the tutret used in the oscillator
except that there is no pickup winding.
(The lIuenuaror pickup coil couples
directly to the rank coil.)

The tuning capacitor is the same
capacitor used in the oscillator except
that several plate sections have been
omitted. The oscillator and amplifier
tanks nre necessarily of slightly different
design because, in the oscillator, the feed
back capacitors add to the minimum
tank capacimnce. In the amplifier, the
connections from the turret to the tun
ing capacitor are slightly longer to IIC

comodate the attenuaror. Therefore, this
tank has a somewhat higher inductance
and a lower capacitance than 'the oscil
lator (ank. In order to assure reasonable
tr:acking with these uoequal tank para
meters, fewer plate sections were used
in the amplifier tuning capacitor. The
reduced b,C in the amplifier, in com
bination with the lower residual capaci(
ance, results in a frequency range which
closely rradrs the oscillator.

TIle turret is casr: with one flat side

Ir

loss beyond the oscillatOr and the oscil·
lator output requirement would need
10 be only :500 milliwatts. A tuned
grounded-grid amplifier, Utilizing a
611..N4 UHF triode, will provide this
20-db gain. The gain drops as :500 me
is approoched, but improved arcenu:uor
coupling III the higher frequencies com
pensates for Ihis effea.

lliere are SC'veral ways to modulate
a luned grounded-grid uiode amplifier;
by means of the plate, grid, or cathode_
Both plate and cathode modulation re
quire power. Grid modulation does noc
require power, but requires careful selec·
tion of openting point for reasonable
linearity. Since this stage would noc be
operating as a class C amplifier, linear
plate modulation would not be possible.
TIlerefore, in lhe interest of simple low
powered amplitude modub.tion, a grid
modulation SYStem was chosen.

In such a system, Ihe grid musl be
well grounded for lhe RF signals bul
flO{ for audio signals. This requires that
a suitable capacitor be placed from grid
to grOlloo. A common failing of a high
frequency, grounded-grid stage is in
stability caused by Ihe exisrancc of in
ductance in Ihe grid circuit. This results
in positive feedback and possibly oscil
lation. Therefore, the grid capacitor
seleo:ed must be a very low-inductance
device.

The RF ground of the smge is estab
lished by II large silver-plated brass shield
closely contoured to the tube socket
and passing directly through the center
of the tube socket and the grid pins
which are located 180~ apart. This
shield nOt only establishes ground but
shields the plate from the cathode. The
grid leads are soldered to II sheet of
silver-plated copper which covers the
entire surface of the shield. A thin sheet
of reconstituted mica separates the cop
per sheet from the shield. The copper
sheet, covers borh sides of the shield
and acts as a very low-inducmnce bypass
capacitOr of 1:500 Illlf. This arrange
ment imposes a maximum RF reactance
of 10 ohms at 10 mc; the lowest gen
erated frequency. The maximum audio
frequency to be passed by the modulator
is 20 kc. At this frequency, Ihe bypass
capacitor is not less than :5000 ohms.
To enable good pulse modulation, this
capacimnce would require 1:5 ma in
order 10 permit the grid voltage to rise
from 0 10 10 volts in I I-U. The 1~-nl3

cutrent is based on Ihe faa that a 10
volt puJs,e will cur off the amplifier.
This is easily accomplis~ in the aver-
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so that it can be positioned closely to 
the flat attenuator pickup coil. Between 
the attenuator tube and output tank, on 
either side of the plane occupied by the 
attenuator pickup coil, are two parallel 
monitor wires about inch apart. 
One end of each of these is grounded 
and the other ends are tied to a IN82A 
diode monitor. This monitor system, 
therefore, intercepts the same field that 
enters the piston attenuator tube and 
performs the monitor function for all 
ranges. In a narrow-range, one-band 
generator, output monitoring is accom- 
plished by feeding some energy from the 
tank through a small coupling capacitor. 
This system provides more usable energy, 
but would not be satisfactory in a wide- 
range, multi-banded unit. The two pick- 
up conductors also serve as a Faraday 
shield, allowing only the TEll mode to 
propagate into the tube. Any mode 
which is propagated into a wave guide 
significantly below its cutoff frequency 
decays at a rate which is exactly logrith- 
mic with distance along the waveguide. 
This rate is exactly related to guide 
diameter in a circular waveguide. How- 
ever, there are various modes which can 
be introduced into a waveguide which 
have differing rates of decay. The pres- 
ence of more than one mode would tend 
to distort the ideal attenuation law. The 
attenuator is based on the TEll mode 
because this mode decays at a rate which 
is less than any of the other propagation 
modes. The TMol mode is shorted out 
by conductors arranged in the same 
manner as the monitor loop, because 
the attenuation rate of the TMol mode 
is only 4.9 db per radius more than the 
TEol mode and could cause errors in 
the attenuator output. The TEo2 mode, 
at  an additional 17.3 db per radius, is 
also an annoyance. This problem is 
solved by arranging the pickup and tank 
coils symetrically around the axis of 
the tube. 

The attenuator pickup coil itself is a 
single loop of wire in the same plane as 
the center turns of the tank coil. A 50- 
ohm carbon film resistor in series with 
the loop provides a 50-ohm source im- 
pedance. At the point where the loop 
connects to the output coaxial cable, 
there is an impedance compensating 
circuit composed of a 50-ohm resistor 
and a capacitor in series to ground. This 
tends to draw current of a leading phase 
when the loop phase is lagging, result- 
ing in the maintenance of a good low 
VSWR source impedance from the at- 
tenuator output. This results in a VSWR 

of less than 1.2. 
In order to accurately measure the 

amplitude modulation percentage, as 
well as the RF output, the 1N82A mon- 
itor diode is by-passed for RF only. 
Amplitude modulation at an audio rate 
remains as an audio voltage imposed on 
the diode dc output. To monitor RF, 
diode output is fed directly to a 20 p a  
meter on the panel through suitable 
calibrating resistors. For AM monitor- 
ing, the diode output is connected to 
an ac-coupled amplifier which builds up 
the aydio envelope, then feeds it to a 
cathode follower. The cathode follower 
in turn drives a diode voltmeter which 
is fully bypassed for frequencies as low 
as 20 cps. This dc output is then 
switched to the same 20 p a  meter 
through suitable calibrating resistors. 
The meter is marked both in % AM 
and an RF Calibrate position. It normally 
reads RF but by means of a momentary 
contact switch can be made to read 
% AM. 

The output of this AM metering 
amplifier is used in another related 
manner. A certain percentage of the 
voltage from the cathode follower out- 
puts returned out of phase with the 
incoming modulation voltage. This 
tends to further reduce the AM distor- 
tion and provdes a high degree of 
stability for the entire modulation sys- 
tem. Since this places a resistive net- 
work between the input terminals and 
the RF amplifier grid which would tend 
to slow down pulses fed into this point, 
a switch at the full-clockwise position of 
the AM LEVEL control removes the in- 
verse feedback, providing direct con- 
nection from the input terminals to the 
RF amplifier control grid for pulse 
modulation. 

In the pulse position, the instrument 
continues to operate as described. A 
IO-volt negative pulse will turn the 
amplifier off. The amplitude modula- 
tion terminals are dc coupled to the grid 
of the RF amplifier and thus it is not 
desirable to swing this point in a posi- 
tive direction. All that lies between the 
AM posts and the grid is an RF filter 
which prevents RF leakage. This had to 
be appropriately damped to prevent 
ringing or extreme overshoot and there- 
fore limits the minimum rise time 

Frequency Modu I at ion 
Frequency modulation has been in- 

cluded in this instrument in its most 
elementary form. Means have been pro- 
vided for amplitude modulating the 

to 2 ps. 

plate of the oscillator from an external 
post. This provides low deviation fre- 
quency modulation which, though un- 
calibrated, is somewhat predictable in 
magnitude and will be useful in the 
range above 100 mc where sufficient 
deviation for the narrow-band FM com- 
munications channels is present. 

.-, 

Shielding 
The instrument has been thoroughly 

shielded against RF leakage. Where flat 
cover plates engage the RF shield cast- 
ings, a mating tongue and groove joint 
lined with silver-plated brass mesh 
assures perfect sealing. The aluminum 
cover plates are silver plated and join 
the casting in a similar manner. Where 
shafts protrude from the enclosure, 
double circular wiper fingers are used, 
one over the other. Every joint is care- 
fully sealed by some resilient, highly 
conductive device which will retain 
high pressure and good electrical contact. 
The RF filters employ very low-induct- 
ance discoidal ceramic capacitors which 
have a resonant frequency well above 
the range at which they are used in the 
generator. The series elements in the 
filter are toroidal coils wound on ferrite 
cores, providing the maximum series 
loss in the smallest package possible. 

The power requirements of the in- 
strument have been kept low; in the 
order of 70 watts. This gives the instru- 
ment a good degree of stability due to 
the freedom from excessive heating. 
What is more, it has permitted the use 
of a very effective, but simple, power 
supply. The power transformer is a 
resonant circuit type, regulating trans- 
former which provides excellent stabi- 
lization of plate and heater voltages. In 
addition, the dc output to the oscillator 
plate is gas-discharge tube regulated and 
the filaments are regulated by a hot- 
wire, series-regulating ballast. This reg- 
ulation results in a frequency stability- 
vs-line voltage of much better than, 
0.001% total frequency change for a 
5-volt line shift. 

Power Requirements d 

Internal Modulation 
The instrument has an internal mod- 

ulating oscillator operating at 400 or 
100 cycles, as well as provision for ex- 
ternal amplitude modulation. 

Frequency Variation Controls 
It has been previously stated that the 

oscillator and amplifier were designed in 
such a way as to track together as the 
frequency is changed. However, some 
adjustment is necessary to peak the 

. 
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so that it can be positioned closely to
the flat attenuatOr pickup coil. Between
the at[enuatOr tube and OUtpUt tank, on
eithet side of the plane occupied by the
attenuatOr pickup coil, :lte twO parallel
monitor wires about o/J 6 inch apart.
One end of each of these is grounded
and the other ends are tied to a IN82A
diode monitor. This monitor system,
therefore, intercepts the same field that
enters the piston attenuator tube and
performs the monitor function for all
ranges. In a narrow-range, one-band
generator, OutpUI monitOring is accom
plished by feeding some energy from the
tank through a small coupling capacitor.
This system providt'S more usable energy,
bur would nOt be satisfactory in a wide
range, multi·banded unir. The twO pick
up conductors also serve as a Faraday
shield, allowing only the TEll mode to
propagate into the tube. Any mode
which is propagated into a wave guide
significantly below its cutoff frequency
decays at a rate which is exactly logrith
mic with distance along the waveguide.
This rate is exactly related to guide
diameter in a circular waveguide. How
ever, there are various modes which can
be introduced into a waveguide which
have differing rates of decay. The pres
ence of more than one mode would tend
to distort the ideal attenuation law. The
anenuator is based on the TEll mode
because this mode decays at a rate which
is less than any of the other propagation
modes. The TM01 mode is shorted OUt
by conductors atranged in the same
manner as the moniwr loop, because
the attenuation rate of the TMol mode
is only 4.9 db per radius more than the
TE,)! mode and could cause errors in
the attenuator Output. The TEo~ mode,
at an additional 17.3 db per radius, is
also an annoyance. This problem is
solved by arranging the pickup and tank
coils symetricaUy around the axis of
the tube.

The attenuator pickup coil itself is a
single loop of wire in the same plane as
the center turns of the tank coil. A 50
ohm carbon film resistor in series with
the loop provides a 50-ohm source im
pedance. At the point where the loop
connectS to the OutpUt coaxial cable,
there is an impedance compensating
circuit composed of a 50-ohm resistor
and a capacitOr in series to ground. This
tends to draw current of a leading phase
when the loop phase is lagging, result·
ing in the maintenance of a good low
VSWR source impedance from the at
tenuator Output. This resulrs in a VSWR

of less than 1.2.
In order to accurarely measure the

amplitude modulation percentage, as
well as the RF output, the IN82A mon
itor diode is by-passed for RF only.
Amplitude modulation at an audio rate
remains as an audio voltage imposed on
rhe diode dc Output. To monitor RF,
diode outpUt is fed directly to a 20 iLa
meter on the panel through suitable
calibrating resistors. For AM monitor
ing, the diode output is connected to
an ac-coupled amplifier which builds up
the at,ldio envelope, then feeds it to a
cathode follower. The cathode follower
in turn drives a diode voltmeter which
is fully bypassed for frequencies as low
as 20 cps. This de OUtput is then
switched to the same 20 iLa meter
through suitable calibrating resistors.
The merer is marked both in % AM
and an RF Calibrate position. It normally
reads RF but by means of a momentary
conraet switch can be made to read
% AM.

'fhe output of this AM metering
amplifier is used in another related
manner. A certain perCentage of the
volrage from the cathode follower out
puts returned Out of phase with the
incoming modulation voltage. This
tends to further reduce the AM dister·
rion and pwvdcs a high degree of
stability for the entire modulation sys·
tern. Since this places a resistive net
wotk between the input terminals and
the RF amplifier grid which would tend
to slow down pulses fed into this point,
a switch at the full·clockwise position of
the AM LEVEL control removes the in·
verse feedback, providing dinxt con
nl-ction from the input terminals to the
RF amplifier COntrol grid for pulse
modulation.

[n the pulse position, the instrument
continues to operate as described. A
to·volt negative pulse will turn the
amplifier off. The amplitude modula
tion terminals are dc coupled [Q tbe grid
of the RF amplifier and thus it is not
desirable to swing this point in a posi.
tive direction. All that lies berween the
AM posts and the grid is an RF filter
which prevents RF leakage. This had to
be appropriately damped to prevent
ringing or extreme overshoot and there
fore limits the minimum rise time
w 2 fLS.

Frequency Modulation
Frequency modulation has been in

cluded in this instrument in its most
elemenrary form. Means have been pro
vided for amplitude modulating the

4

plate of the oscillator from an external
post. This provides low deviation fre·
quency modulation which, though un·
calibtated, is somewhat predicrable in
magnitude and will be useful in the
range above 100 mc whete sufficient
deviation for the narrow-band FM com
munications channels is present.

Shielding
The instrument has been thoroughly

shielded against RF leakage. Where flar
cover plates engage [he RF shield cast
ings, a mating tongue and groove joint
lined wirh silver-plated brass mesh
assures perfect sealing. The aluminum
cover plates are silver plated and join
the casting in a similar manner. \X!here
shafts protrude from the enclosure,
double circular wiper fingers are used,
one over the other. Every joint is care·
fully sealed by some resilient, highly
conductive device which will rerain
high pressure and good electrical COntact.
The RF filters employ very low·induct
ance discoidal ceramic capacitors which
have a resonant frequency well above
the range at which they :lte used in the
generator. The series elements in the
filter are tOroidal coils wound on ferrite
cores, providing the maximum series
loss in the smallest package possible.

Power Requirements
The power requirements of the in

strument have been kept low; in the
order of 70 watts. This gives the instru·
ment a good degree of stability due to
the freedom from excessive hearing.
What is more, it has permitted the use
of a very effective, bur simple, power
supply. The power transformet is a
resonant circuit type, tegulating trans
former which provides excellent stabi·
lization of plate and heater voltages. In
addition, the dc Output to rhe oscillator
plate is gas·discharge tube regulated and
the filaments are regulated by a hOt
wire, series·regulating ballast. This reg
ularion results in a frequency srability
vs·line voltage of much betrer than.
0.00 I% total frequency cbange for a
5-,,0It line shift.

Internal Modulation
The instrument has an internal mod

ulating oscillator operating at 400 or
100 cycles, as weJl as provision for ex
ternal amplitude modulation.

Frequenc:y Variation Controls
It has been previously sraced that the

oscillator and amplifier were designed in
such a way as to track together as the
frequency is changed. However, some
adjustment is necessary to peak the
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amplifier output for optimum perform- 
ance at a specific frequency. This is ac- 
complished by means of a small trimmer 
knob which is coaxial with the large 
coarse frequency control knob. This 
control provides differential motion 
between the oscillator and the amplifier 
tuning capacitors. Friction in the system 
is such that the oscillator shaft does not 
turn when this knob is operated, permit- 
ting tuning of the amplifier through a 
6 to 1 reduction with negligible fre- 
quency change. The shafts are coupled 
together with a spring-loaded, phosphor 
bronze drive cable so that, when the 
large frequency knob is turned, both 
oscillator and amplifier tuning shafts 
operate in unison. 

The main frequency dial, which is 
over 6 inches in diameter, is directly 
attached to the oscillator capacitor drive 
shaft. Gear teeth on the perimeter of 
the oscillator dial are driven by a 
vernier dial which is divided into 100 
parts. The vernier dial turns 10 times 
throughout the full oscillator dial range. 
This provides a logging scale which 
divides any range into 1000 parts. Back- 
lash is negligible because the main dial 
is a spring-loaded, split-gear assembly. 

Rack Mountable 
As a package the instrument is on a 

standard 19-inch rack mountable panel. 
End bells provided with the instrument 
cover the protruding panel ends in case 
rack mounting is not desired. 

Conclusion 
The BRC Type 225-A Signal Gen- 

erator is a compact, highly stable, use- 
ful signal generator free from the spur- 
ious effects which can make life un- 
pleasant for the engineer or technician. 
The following published specifications 
speak for themselves in demonstrating 
the degree of success achieved. 

Specifications 
RADIO FREQUENCY CHARACTERISTICS 

RF Range 

RF Accuracy: 3 ~ 0 . 5 %  (after two hour warmup) 
RF Settability: f0.05% 
RF Calibration 

Main Dial: Increments of approximately 1% 
Vernier: 1000 divisions through each range. 

RF Stability (after 2 hour warmup) 
Short Term: 20.001% (5 minutes) 
long Term: t0.01% (1 hour) 
line Voltage: -CO.OOl% (5 volts) 

Range: 0 . 1 ~ ~  to 0.1 volts 
(across external 50 ohm load.) 

Accuracy: &lo% 0.1 to 50 k pv, 10 to 250 mc. 

10 to 500 mc. 

Total Range: 10 to 500 mc. 
No. Bands: 6 

RF Output 

?15% 0.1 to 5p k wv, 250 to 500 mc. 
t20% 0.05 to 0.1 v, 

Impedance: 50 ohms 

VSWR: 1.2 

(25 ohms of terminals of Type 501-6 
Output Cable) 

ments at 0.1 fiv. 
RF Leakage: Sufficiently law to permit mwsure- 

AMPLITUDE MODULATION CHARACTERISTICS 
AM Range 

AM Accuracy: &lo% at 30% AM, 10 to 250 mc. 
?IS% at 30% AM, 250 to 500 mc. 

AM Calibration: 10, 20, 30% 
AM Distortion: 5% 10 to 250 mc. 

7% 250 to 500 mc. 
AM Fidelity: f l  db 40 cps to 20 kc. 
Incidental FM: 0.001% or 1000 cps, whichever is 

greater, at 30% AM 
External AM Requirements: 10 volts RMS into 4000 

Internal: 0 to 30% 
Externol: 0 to 30% 

ohms for 30% AM 

FREQUENCY MODULATION CHARACTERISTICS 
FM Range: (External) 

0 to between 5 kc and 60 kc, depending upon 
frequency in the range 130 to 500 mc. 

FM Calibration: Deviation sensitivity vs. frequency 
nomograph 

Incidental AM. 10% 
External FM Requiremettts: 10 volts RMS into 

1000 ohms 

PULSE MODULATION CHARACTERISTICS 
PM Source: External 
PM Rise Time: 5 fisec 10 to 40 mc. 

3 p e c  40 to 80 mc. 
2 p e c  80 to 500 mc. 

PM Overshoot: 10% 10 to 100 mc. 
25% 100 to 500 mc. 

External PM Requirements: 10 volts peak negative 
pulse, 20 ma. peak short-circuit cappbility. 

MODULATING OSCILLATOR CHARACTERISTICS 
MO Frequency: 400 and 1000 cps. 
MO Accuracy: f10% 

POWER REQUIREMENTS 
225-A: 105-125 volts, 60 cps, 80 watts. 
225-AP. 105-125 volts, 50 cps, 80 watts. 

A Signal Generator Calibrator 
for RF Level and Per Cent AM 

ROBERT POIRIER, D e v e l o p m e n t  Engineer  

In response to consumer requests for 
slightly higher output voltages the type 
245-B RF Voltage Standard which in- 
itially was designed to provide accurately 
calibrated RF output voltages (supplied 
by an external source) of 0.5, 1.0, and 
2.0 microvolts for the purpose of check- 
ing receiver sensitivity and low-level 
calibration of signal generators has been 
modified to greatly enhance its useful- 
ness. The modified instrument, which 
supersedes the 245-B RF Voltage Stand- 
ard, is known as the Signal Generator 
Calibrator. It is available in two models, 
types 245-C and 245-D. Added features 
include: 1) a choice of calibrated RF 
output voltages; vis., 5 ,  10, and 20 
microvolts or 0.5, 1.0 and 2.0 micro- 
volts; 2 )  direct reading of three cali- 
brated, unmodulated RF input voltages; 
viz., 0.025, 0.05, and 0.1 volt, and 3 )  
direct reading of the per cent amplitude 
modulation of the RF input voltage to 
100%. With the exception of attenua- i/ 

Figure 1 .  Type 245-C/D Signal Generator Calibrator 

tion, the types 245-C and 245-D are 
identical. The Type 245-C is the high 
output instrument providing 5 ,  10, and 
20 microvolts calibrated output voltage 
and the Type 245-D is the low-output 
instrument providing 0.5, 1.0, and 2.0 
microvolts calibrated output voltage. 

Principles of Operation 
In order to provide for slightly higher 

output voltages of the same accuracy as 
obtained from the Type 245-B RF 
voltage standard, it was considered ex- 
pedient to change the shunt resistance 
element of the micropotentiometerl 
from 0.0024 ohms, as used in the 245-B, 
to 0.024 ohms for the 245-C. Output 
voltages of 5 ,  10, and 20 microvolts are 
thereby obtained for the same nominal 
input voltages of 0.025, 0.05, and 0.1 
volt respectively, without changing the 
physical structure of the attenuator. All 
other methods of increasing the output 
of the Type 245-B micropotentiometer, 
such as decreasing the input impedance 
to 6 ohms (in lieu of changing the 
shunt resistance element) or increasing 
the input voltage requirement are inap- 
propriate to the desired result. The 
problem of changing the resistance of 
the shunt element without appreciably 
affecting its physical dimensions is 
largely a matter of finding a suitable 
material from which to make the ele- 
ment; noting that the thickness of the 
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amplifier OUtpUt for optimum perform
ance at a specific frequency. This is ac-

\.-..... compJished by means of a small trimmer
knob which is coaxial with the large
coarse frequency comrol knob. This
control provides differentia] motion
between the oscillator and [he amplifier
tuning capacitors. Friction in the system
is such rhat the oscillator shalt does not
turn when this knob is operated, permit
ting tuning of the amplifier through a
6 to I reduction with negligible fre
quency change. The shafts are coupled
together with a spring-loaded, phosphor
bronze drive cable so that, when the
large frequency knob is turned, both
oscillator and amplifier tuning shafts
operate in unison.

The main frequency dial, which is
over 6 inches in diameter, is directly
attllched to the oscillatOr capacitor drive
shafc. Gear teeth on the perimeter of
the oscillator dial are driven by a
vernier dial which is divided into 100
patts. The vernier dial turns 10 times
throughout the full oscillator dial range.
This provides a logging scale which
divides any range into 1000 parts. Back
lash is negligible because the main dial
is a spring-loaded, split-gear assembly.

Rack Mountable
As a package the instrument is on a

standard I9·inch rack moumablc panel.
End bells provided with the instrument
cover the protruding panel ends in case
rack mounting is nor desired.

Conclusion
The BRC Type 225-A Signal Gen

erator is a compact, highly stable, use·
ful signal generator free from the spur·
ious effecrs which can make life un
pleasant for the engineer or technician.
The following published specifications
speak for themselves in demonsrrating
the degree of success achieved.

Specifications
RADIO FREQUENCY CHARACTERISTICS

RF R..~g.
T..,,,! Ro~v-' 10,.. 500 mc.
1'1". Bond" />

RF A«u,.. ey, ±O.~% (.. ft•• ''0''' h..u' ... ",mup)
RF s...... bllity, ±O.(lj%
u C..lib....i ...
Mai~ Dialt I~er_.~" af ..pp,a.imal.ly 1%
V••~i• ., 1000 dlv;.lo~••h.ough .aeh .a~g•.

If S...blll!y ("f••, 2 hou, ...",mup)
Sha" T.,m, ::::D.ooI% (~ml~u•••1
L...g h,m, ±0.01% (l h"".)
L'~. Vallav-, ±0.001% (~valt.)

RF O...pu'
R..~V-' O.l1'v to D.l val"

(aero.. "'••~al .50 ""m load.)
"'"u,acy, ±10% 0.1 '0 .50 • ,.~. 10 '0 250 me.

=1~% 0.1 '" 5P • ,.~. 250'0500 mc.
=20% O.O~ to 0.1~, lD '0 500 mc.

Impeclotou, SO Mm.
(:u ""m. a' ........1....1. of T,pe.501 B
Outpu' Cabl.)

YSWR, 1.2
Ilf l_.ag., Suflicl.~'ly low 'a pe...." _.U'.·

...... '.,,'O.l,.y.

AMPLITUDE MODULATION CHAltAClERl5TlCS
AM Ra~ge

I"'..~a;' 0 to 31)%
h".nolt 0 '0 30%

AM A«y.oey, ::!::IO% 0' 30% AM, ID ta 250 mc.
±l~% at 30% AM, 250 ,a 500 m<.

AM Callb,a'lo~, 10, 20. 30%
AM D;..ortio~, ~% lD ta 2.50 m<.

7% 2.50 ta 500 m<.
AM fld.ll.y: ±I db o«l <po '0 20 0<.
I~<iden.ol fM, 0.001% '" 1000 <p', ...hi"'...... r.

g'."'e., at 30% "'M
h •••~ol AM "qul..m."'., 10 voll. RMS in'a o«lOO

ahm. 1o. 30% AM

fREOUENCY MODULATtON CHARACTERISTICS
fM RO~II" (Ex'••~allo ta b.'woe~ ~ c a~d 60 ~e, delM~di"g upo~

I,.qu.~cy I~ ,h. ,a~ge 130 ta 500 mc.
FM Colib.at;o~, o.vlatlo~ ..,,,Itlvity y•. f.oq.....,ey

~_01l'aph
Indcl<o",..1 AM. 10%
h'e.~al fM RO<lui••",.~.., lD voll. RMS In'o

1000 ""m.
PULSE MODUlATION CHARACTERISTICS

PM SOU"., ht•• nol
PM RiM T'me' ~ " ••< 10 'a ~O m<.

3 " ••< o«l '0 BD me.
2 ,.••e 80 '0 SOl) me.

PM D....h<><>t, 10% lD.o 100 m<.
2~% 100 '0 500 me.

f><t.r~at PM R.quI,.m.n'.. 10 val" pOGo ".ga.'y'
pul ••, 20 mao """~ .ho.t·circult c<>~bi!;...
MODU~ATING OSCI~lATORCHARACTERISTICS

MO f ..qu.~<y, .oIOQ and 1000 <P'.
MO A«u,a<y, .±1D%

POWER REQUIREMENTS
US.A, 10~-12~ valt., 60 <p', 80 wall•.
22~_AP. 10~_12~ volt•• .50 cp" 80 Wan•.

A Signal Generator Calibrator
for RF Level and Per Cent AM

ROBERT POIRIER, Development Engineer

In response to consumer requests for
slightly higher output voltages the type
245-8 RF Volroge Standard which in
itially was designed to provide accurately
calibrated RF OUtput voltages (supplied
by an external source) of 0.5, 1.0, and
2.0 microvolts for the purpose of check
ing receiver sensitivity and low-level
calibration of signal generators has been
modified to greatly enhance its useful
ness. The modified instrument, which
supersedes the 245-B RF Voltage Stand·
ard, is known as the Signal Generator
Calibrator. It is available in twO models,
types 245-C and 245·0. Added features
include: I) a choice of calibrated RF
output voltages; vis., 5, 10, and 20
microvolts or 0.5, 1.0 and 2.0 micro·
volts; 2) direct reading of three cali
brated, unmodulated RF input voltages;
viz., 0.025, 0.05. and 0.1 volt, and 3)
direct reading of the per cent amplitude
modulation of the RF input voltage to
100%. With the exception of attenua-

tion, the types 245-C and 245-D are
identical. The Type 245-C is the high
Output insttument providing 5, 10, and
20 microvolts calibrated OUtpUt voltage
and the Type 245-0 is the low·output
instrument providing 0.5, 1.0, and 2.0
microvolts calibrated Output voltage.

Principles of Operation
In order to provide for slightly higher
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Output voltages of the same accuracy as
obtained from the Type 245-8 RF
voltage standard, it was considered ex
pedient to change the shunt resistance
element of the micropotentiometer 1

from 0.0024 ohms, as used in the 245-B,
to 0.024 ohms for the 245·C. Output
voltages of 5, 10, and 20 microvolts are
[hereby obtained for the same nominal
input voltages of 0.025. 0.05, and 0.1
volt respectively, without changing the
physical structure of the attenuatOr. All
other methods of increasing the Output
of the Type 245-8 micropotentiometer,
such as decreasing the input impedance
to 6 ohms (in lieu of changing the
shunt resistance element) or increasing
the input voltage requirement are inap
propriate to the desired result. The
problem of changing the resistance of
the shunt clement withom appreciably
affening its physical dimensions is
largely a mailer of finding a suitable
material from which to make the e1e·
mem; noting that the thickness of the
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resistance element is closely restricted 
at one end by the size of the individual 
molecules which influences the mech- 
anical stability of the resistance, and at 
the other end by the depth of penetra- 
tion of the RF current which influences 
the electrical fidelity of the attenuator. 
The effort which has recently been 
given to the search for new materials 
and new methods of fabricating the 
shunt resistance element has yielded an 
improved element for both the 245-C 
and 245-D Signal Generator Calibrator. 
The RF Voltage monitor and attenuator 
system, described in previous Notebook 
articles 2,3,4, is shown in Figure 2. 
The value of the disc resistor used is 
different for the Type 245-C and 245-D 
as indicated. 

The measurement of unmodulated RF 
input voltages of 0.025, 0.05, and 0.1 
volt will be more fully exploited in the 
Types 245-C and 245-D than it was in 
the 245-B. Two innovations bearing di- 
rectly on this function are: 1 )  a meter 
function switch to provide correct cali- 
bration of either the RF input voltage 
or the RF output voltage, and 2)  fre- 
quency compensation of the RF monitor 
to eliminate the need of a frequency 
correction curve. Both the meter func- 
tion switch and the frequency compen- 
sation permit greater accuracy of input 
voltage measurement than is attainable 
with the Type 245-B. The meter func- 
tion switch precludes the 2 6 %  maxi- 
mum error of input voltage measure- 
ment which in the Type 245-B results 
from the tolerances of the nominal low 
frequency values of the resistors in the 
micropotentiometer. Frequency compen- 
sation is accomplished by means of a 
low-Q inductive network in series with 
the input to the RF voltmeter which re- 
duces the input VSWR due to capaci- 
tance of the RF monitor circuit. 

A completely new function of the 
Signal Generator Calibrator is the direct 
reading of per cent amplitude modula- 
tion of a modulated RF input signal 
around the 0.1-volt input level. Opera- 
tion of the % AM feature requires an 
initial calibration of the unmodulated 
carrier at the 0.1-volt input level using 
the input voltage measuring function of 
the instrument. The meter function 
switch is then set to % AM and reads 
the full wave average of the detected 
modulation envelope. The additional 
gain required is. developed in a two- 
stage transistor amplifier with inverse 
feedback to stabilize the gain and im- 
prove the linearity of the %AM scale. 
Although the RF detector operates 

Figure 2. Attenuator and Voltmeter 

nearly square law, the % AM indica- 
tion is nearly linear because the AM de- 
tector is biased to be always forward 
conducting. 2x4 The waveform of the 
detected modulation versus the modula- 
tion envelope is represented in Figure 3. 
The output polarity of the diode is 
negative. Referring to Figure 3, any 
peak-to-peak limits of the detected mod- 
ulation are represented as ( yl - y2 ) and 
the corresponding peaks of the modu- 
lation envelope are represented as 
(x2 --1>. 

From 
y = - x2 (for the square law diode) 

y1 -y2 =x22-x12 IT 

(x2 -x1) (xz + x1) 

For any given operating point x, y, 
(x2 + x l )  is a constant, 2x since 
x +  n x + x - - n  x =  2x 

*.* (Y1 -Y2) a (x2 --1> 

for either distortionless or odd har- 
monic modulation distortion. Some even 
harmonic distortion of the modulation 
envelope i s  produced in the instrument 
as the AM detector law changes near 
the crests of 100% modulation. Experi- 
mentally, this has been found negligible 
and is anticipated in the calibration of 
the %AM meter scale. 

Since the % AM readout is in terms 
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Figure 3. Approximate AM Detector Characteristic 

of the full-wave average of the detected 
modulation, the % AM indication is 
subject to the usual errors resulting from 
interpreting peak-to-peak information 
from an average readout. The instru- 
ment is provided accurately calibrated 
for undistorted sinusoidal modulation. 
Users of this instrument should be cog- 
nizant of a source of error which is not 
necessarily related to distortion of the 
modulation envelope; viz., RF carrier 
shift of the initial unmodulated cali- 
brated level which accompanies the 
modulation. Nonlinear modulation is, of 
course, a common cause of this carrier 
shift; an uncommon cause (which may 
become increasingly common) is inverse 
feedback regulation of the output power 
level of a signal generator. The Signal 
Generator Calibrator will be offered 
with the % AM indication calibrated 
for no shift of the carrier power level 
with modulation. 

Uses of the 2 4 5 4  and 245-D 
The Signal Generator Calibrator re- 

tains the originally conceived function 
of providing accurate, low-level RF out- 
put voltages. Uses for this and the new 
features are enumerated as follows: 

1. Accurate spot checks can be made 
of receiver sensitivity over the 
range of 500kc to 1000 mc and 
0.5 microvolt to 20 microvolts. 

2. By associating the precision fixed 
attenuator (74 db in the 245-C or 
94 db in the 245-D) with a pre- 
cision piston attenuator the range 
of calibrated low-level output volt- 
ages can be extended well below 
0.5 microvolt, for receiver sen- 
sitivity and noise figure measure- 
ments, subject only to limitations 
in shielding the receiver from the 
signal source.5 

3. Accurate spot checks can be made 
of unmodulated signal generator 
output voltages from 500kc to 
lOOOmc at high-output levels be- 
tween 0.025 and 0.1 volt inclu- 
sive, at low levels (with a suitable 
receiver) between 0.5 microvolt 
and 20 microvolts inclusive, or at 
a level less than 0.5 microvolt with 
precision fixed attenuators. 

4. Fast, accurate measurement can be 
made of % amplitude modulation 
to 100% for modulating frequen- 
ces from 20 cps to 20 kc. 

References 
1. Selby, M.C., “Accurate RF Micro- 

voltages,” Transactions of the AIEE, 
May, 1953. d 
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of the fuJi-wave average of the detected
modulation, the % AM indication is
subject to the usual errors resulting from
interpreting peak-co-peak infotmacion
from an average readout. The instru·
mem is provided aceurntely calibrated
for undistOned sinusoidal modulation.
Users of this instrument should be cog
nizant of a source of error which is nor
necessarily related to distortion of [he
modulation envelope; viz., RF carrier
shifr of the initial unmodulated cali·
brated level which accompanies the
modulation. Nonlinear modulation is, of
course, a common cause of this carrier
shift; an uncommon cause (which may
become increasingly common) is inverse
feedback regulation of the output power
level of a signal generatOr. The Signal
Generator Calibrator will be offered
with the % AM indication calibrated
for no shift of the carrier power level
with modulation.

Uses of the 245-C and 245-0
The Signal Generator Calibrator re·

rains the originally conceived functiOn
of providing accurate, low-level RF out·
put voltages. Uses for this and the new
features arc enumerated as follows:

1. Accurate spot che<ks can be made
of teceiver sensitivity over the
range of 500kc to 1000 me and
0.5 microvolt to 20 microvolts.

2. By associating the precision fixed
3.ttenuator (74 db in the 245-C or
94 db in the 245-D) with a pre·
clsion pistOn attenuatQC the range
of calibrated low-level Output volt
ages can be extended well below
0.5 microvolt, for receiver sen
sitivity and noise figure measure·
mems, subject only to limirations
in shielding the receiver from the
signal source. 0

3. Accurate spot checks can be made
of unmodulared signal generator
output voltages from 500kc to
1000mc at high-output levels be
tween 0.025 and 0.1 volt indu·
sive, at low levels (with a suitable
receiver) between 0.5 microvolt
and 20 microvolts inclusive, or at
a level less rhan 0.5 microvolt with
precision fixed attenuators.

4. Fast, accurate measurement can be
made of % amplitude modulation
to 100% for modulating frequen
ces from 20 cps to 20 kc.

References
1. Selby, M.e., "Accurate RF Micro·

voltages," Transactions of the AlEE,
May, 1953.
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nearly S<juare law, the % AM indica
tion is nearly linear because the AM de
tectOr is biased to be always forward
conducting. 2.4 The waveform of the
detected modulation versus the modula
tion envelope is represented in Figure 3.
The output polarity of the diode is
negative. Referring to Figure 3, any
peak·co-peak limits of the dete<too mod
ulation are represented as (Yl - Y2) and
Ihe corresponding peaks of the modu
lation envelope are represented as
(X~-Xl)'

~. -~.

For any given operating point x, y,
(X2 + Xl) is a conStant, 2x since
x+6.x+x-6.x=2x

01" ~E!fSTOfl J
0.00~:4(1 (2450\
O.02.n (~.5C1

Figure 2. Alletour>tr" ond Vol/mete,

From
y = - X2 (for the S<juare taw diode)

for either distonionlcss or odd har·
monic modulation distOnion. Some even
harmonic distortion of the modulation
envelope is produced in the instrument
as the AM detector law changes near
the crcscs of 100% modulation. Experi.
memally.this has been found negligible
and is anticipated in the calibration of
the %AM meter scale.

Since the % AM readout is in terms

resistance dement is closely restricted
at one end by the size of the individual
molecules which influences the mech
anical stability of the resistance, and at
the other end by the depth of penetra
tion of rhe RF current which influences
the electrical fidelity of [he attenuatOr.
The effort which has re<:ently bet:n
given to the search for new materials
and new methods of fabricating the
shunt resistance clemenr has yielded an
imptoved dement for both the 245-C
and 245-0 Signal GeneratOr CalibratOr.
The RF Voltage monitor and attenuatOr
sys((~m, described in previous Notebook
arricles 2.3.4. is shown in Figure "1..
The value of the disc resistor used is
different for the Type 245-C and 245-D
as indicared.

The measurement of unmodulated RF
input voltages of 0.025, 0.05, and 0.1
voh will be more fully exploited in the
Types 245-C and 245-0 than it was in
the 245-8. Two innovations bearing di
recdy on this funCtion are: I) a meter
funCtion switch to provide correct cali
bration of either the RF input voltage
or the RF OutpUt voltage, and 2) ire
<juency compensation of the RF monitor
to eliminate the need of a frequency
correction curve. Both the meter func
tion switch and the frequency compen
sation permit greatet accuracy of input
voltage measurement than is attainable
with the Type 245-8. The meter func
tion switch precludes the ±6% maxi
mum error of input voltage measure·
mem which in the Type 245·8 results
from the tolerances of the nominal low
frequency values of the resistors in the
micropotentiometer. Frc-quency compen
s:uion is accomplished by means of a
low-Q induCtive network in series wilh
the input CO the RF voltmeter which re·
duces the input VSWR due to capaci
tance of the RF monitOr circuit.

A completely new funCtion of the
Signal Generator Calibrn.tor is the direct
reading of per cent amplitude modula
tion of a modulated RF input signal
around the O.l·volt input level. Opern.·
tion of the % AM feature requires an
initial calibration of the unmodulated
carrier at the O.I-volt input level using
Ihe inpul voltage measuring funCtion of
the instrument. The meter funCtion
switch is then set to % AM and teads
the full wave average of the detected
modulation envelope. The additional
gain required is_ developed in a twO
stage transistor amplifier with inverse
feedback to stabilize the gain and im·
prove the linearity of the %AM scale.
Although the RF detector operates
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NEW BRC INSTRUMENTS TO 
BE SHOWN AT IRE SHOW 

Booths 3101 - 3102 

Boonton Radio orporation will offer 
three new instruments to the electronic 
industry in 1959. The instruments, which 
will be on display in the BRC exhibit 
at this year’s IRE Show in New York, 
i n c l u d e :  t h e  n e w  T y p e  2 2 5 - A  
Signal Generator, the new Types 245-C 
and D Signal Generator calibrators, and 
the new Type 202-G Telemetering 
Signal Generator. 

Designed for operation in the 10 to 
100-megacycle range, the Type 225-A 
Signal  Genera tor  embodies c i rcu i t  
and structural design innovations which 
provide a new standard of precision 
and stability. 

The Types 245-C and D Signal Gen- 
erator Calibrators, for the first time, 
provide a convenient portable instru- 
ment for measuring and calibrating the 
RF level and percentage AM on Signal 
Generators in the range from 500KC to 
1000MC. They may also be used to pro- 
vide a calibrated source of low-level RF 
voltage for the precision testing of 
receiver sensitivity. 

The Type 202-G FM-AM Signal Gen- 
erator is an improved generator for the 
testing and calibration of FM telemeter- 
ing systems offering RDB modulating 
frequencies and complete coverage of 
the recently extended 215 to 260 MC 
telemetering band. 

Visit booths 3101 and 3102 at the 
IRE Show during March 23 to 26 where 
BRC personnel will be on hand to give 
you more facts about these and other 

\,-, 

b BRC instruments. 

A Telemetering FM-AM Signal Generator 
FOR COVERAGE OF THE 

RECENTLY EXTENDED TELEMETERING BAND 
HARRY J.  LANG, Sales Manager 

Type 202-6 Telemetering FM-AM Signal Generaior 

With the rapid development of FM 
telemetering systems in the post-war 
period, BRC, as a pioneer manufacturer 
of FM Signal Generators, developed the 
Type 202-D Signal Generator in 1949 
to provide FM-AM coverage of the then 
assigned 2 15-235 mc telemetering band. 
The 202-D, which was subsequently 
assigned military nomenclature SG- 
59/U, offered continuous RF coverage 
from 175 to 250 mc at output levels 
from 0.1 pv to 0.2 volt and was de- 
signed for both internal and external 
FM and AM. Frequency modulation was 
provided by a reactance-tube circuit, 
specially designed to maintain constant 
deviation, with carrier frequency. Con- 
trols provided continuously variable 
deviation from 0 to 240 kc Amplitude 
modulation, from the internal audio 
oscillator, was continuously variable 
from 0 to 50% and this range could be 
entended to 100%) employing an ex- 
ternal modulating oscillator. Pulse mod- 
ulation, from an external source, was 
also provided. The internal audio mod- 
ulating oscillator provided a choice of 
eight fixed frequencies with nominal 
values between 50 cps and 15 kc. 

Further development and expansion 
of FM telemetering, increased the appli- 
cations of this type precision signal 
generator. Both military and commercial 
system requirements called for the in- 
corporation of such a unit into the 
complete telemetering system. Recogniz- 
ing this trend, BRC redesigned the 
202-D and made available the Type 
202-F Signal Generator in 1957. The 
202-F was mounted in a new type of 
cabinet (which has now become 
standard on many of our instruments) 

that would provide for both bench and 
rack mounting. The instrument, as 
furnished, includes a complete cabinet 
and dust cover. By simple removal of 
the cabinet end bells, the instrument 
will mount in a standard 19” relay 
rack, making it ideal for system applica- 
tions. Several other circuit innovations 
were also incorporated which improved 
stability and modulation fidelity. 

When the telemetering band was 
recently extended up to 260 mc, it 
became immediately apparent that a 
further redesign of the 202-F was neces- 
sary in order to provide complete RF 
coverage of the new band. The new 
Type 202-G Signal Generator offers 
continuous RF coverage from 195 to 
270 mc completely blanketing the new 
2 15 to 260 mc band. As a further aid to 
the convenient checkout of telemetering 
systems, the nominal audio modulating 
frequencies, provided in the earlier 202- 
D and F, were replaced with the follow- 
ing standard RDB values: 

50, 400, 730 cps; 1.7, 3.9, 10.5, 30.0, 
and 70.0 kc. 

All other mechanical and electrical 
characteristics are identical to the 
obsolete 202-F. 

EDITOR’S NOTE 
25th Anniversary for BRC 
1959 represents a major milestone for 

BRC marking the completion of 25 
years as a designer and manufacturer 
of precision electronic laboratory instru- 
ments. Befittingly, this anniversary 
closely follows the purchase of a new 
70-acre plant site in the picturesque 
Rockaway valley and the announcement 
that plans have been formulated to erect 
a new, enlarged factory in the near 
future. Much progress and expanison 
has taken place in the electronics in- 
dustry since the inception of BRC back 
in 1934 and as we reflect back over the 
years, we feel a certain amount of pride 
in the knowledge that we have made a 
direct contribution to this growth. 

Founded in 1934 by William D. 
Loughlin, a pioneer in the industry, 
BRC, from its earliest years, concentrated 
its engineering skills toward the develop- 
ment of general-purpose precision 
laboratory tools for the electronic de- 
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that plans have been formulated to erect
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future. Much progress and expanison
has taken place in the electronics in
dustry since the inceprion of BRC back
in 1934 and as we reflect back over the
years, we feel a certain amount of pride
in the knowledge that we have made a
direct contribution to this growth.

Founded in 1934 by William D.
Loughlin, a pioneer in the industry,
BRc, from its earliest years, concentrated
its engineering skills toward rhe develop
ment of general-purpose precision
laboratory tools for the electronic de-
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FOR COVERAGE OF THE

RECENTLY EXTENDED TELEMETERING BAND

HARRY J. LANG, Sales MalJager

mat would provide for both bench and
rack mounting. The instrument, as
furnished, includes a complete cabinet
and dust cover. By simple removal of
the cabinet end bells, the instrument
will moum in a standard 19" relay
rack, making it ideal for system applica
tions. Several other circuit innovations
were also incorporared which improved
stability and modulation fidelity.

When the telemetering band was
recently .extended up to 260 mc, it
became immediately apparent that a
further redesign of the 202-F was neces
sary in order to provide complete RF
coverage of the new band. The new
Type 202-G Signal Generator offers
continuous RF coverage from 195 to

270 me completely blanketing the new
215 to 260 me band. As a further aid to
the convenient checkout of telemetering
systems, the nominal audio modulating
frequencies, provided in the earlier 202
o and F, were replaced with the follow
ing standard RDB values:

50,400,730 cps; 1.7,3.9, 10.5,30.0,
and 70.0 kc.

All other mechanical and electrical
characteristics are identical to the
obsolete 202-F.

With the rapid development of FM
telemetering systems in the post-war
period, BRC, as a pioneer manufaCturer
of FM Signal Generators, developed the
Type 202-0 Signal Generator in 1949
to provide FM-AM coverage of the then
assigned 215·235 me telemetering band.
The 202-0, which was subsequently
assigned military nomenclature SG
59!U, offered continuous RF coverage
from 175 to 250 mc at OUtpUt levels
from 0.1 p.v to 0.2 volt and was de
signed for both internal and external
FM and AM. Frequency modulation was
provided by a reactance-rube circuit,
specially designed to maintain constant
deviarion, with carrier frequency. Con
trols provided continuously variable
deviation from 0 to 240 kc Amplitude
modulation, from the internal audio
oscillator, was continuously variable
from 0 to 50% and this range could be
emended to 100%, employing an ex
ternal modulating oscillator. Pulse mod
ulation, from an exrernal source, was
also provided. The internal audio mod
ulating oscillator provided a choice of
eight fixed frequencies with nominal
values between 50 cps and 15 kc.

Furrher developmem and expansion
of FM telemClering, increased the appli
cations of this type precision signal
generator. Both military and commercial
system requirements called for th~ in
corporation of such a unit into the
complete telemetering sysrem. Recogniz
ing this trend, BRC redesigned the
202-D and made available the Type
202-F Signal Generator in 1957. The
202-F was mounted in a new type of
cabinet (which has now become
standard on many of our instruments)

Type 202,(; Telemelo'ing fM_AM $ign,,' Gene''''or
NEW BRC INSTRUMENTS TO

BE SHOWN AT IRE SHOW

Booths 3101 - 3102

Boomon Radio orporation will offer
three new instruments to the electronic
industry in 1959. The instruments, which
will be on display in the BRC exhibit
at this year's IRE Show in New York,
include: rhe new Type 225·A
Signal Generator, the new Types 245-C
and 0 Signal Generator calibrators, and
the new Type 202-G Telemetering
Signal Generator.

Designed lor operation in the 10 to
lOO-megacycle range, the Type 225-A
Signal Genera tor em bod ies circu i t
and structural design innovations which
provide a new standard of precision
and stability.

The Types 245-C and D Signal Gen
erator Calibrarors, for the lirst time,
provide a convenient portable instru
ment for measuring and calibrating the
RF level and percentage AM on Signal
Generarors in the range from 500KC to
lOOOMC. They may also be used to pro
vide a calibrated source of low-level RF
voltage for the precision testing of
receiver sensitivity.

The Type 202-G FM-AM Signal Gen
erator is an improved generator for the
testing and calibrarion of FM telemeter
ing systems offering RDB modulating
frequencies and complere coverage of
the recently extended 215 to 260 MC
telemctering band.

Visit boOths 3101 and 3102 at the
IRE Show during March 23 to 26 where
BRC personnel will be on hand ro give
you more faas about these and other
BRC instruments.

2. Gorss, C. G., "An RF Voltage
Standard Su£plies A Standard Signal At
A Level of One Microvolt," BRC Note
book No.5, Spring, 1955.

3. Moore, W. c., "Use of the RF
Voltage Standard Type 245-A," BRC
Nocebook No.7, Fall, 1955.

4. Gorss, C. G., "Calibration of An
Instrument for Measuring Low-Level RF
Voltages," fiRC Notebook No. 14, Sum·
mer, 1957.

5. Van Duyne, J. P., "Noise Limited
Receiver Scn.~itivity Measurement Tech·
nique," BRC Notebook No. 20, Wimer,
1959.
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signer. The first product was the now 
famous Q Meter which still represents 
a basic tool and has been accepted as a 
standard throughout the industry. Im- 
proved versions of the Q Meter have 
since been designed and continue to 
form a major portion of BRC’s product 
line. 

With the development of frequency 
modulation techniques in the late 
thirties, the company’s interests were 
focused in this area and resulted in the 
first commercial FM Signal Generator 
which made its debut at the Boston 
IRE meeting in 1940. BRC has since 
expanded its line of FM Signal Gen- 
erators to cover all commercial and 
military applications in this field. 

During World War 11, BRC, like all 
U. S. industry, was directly engaged in 
the manufacture of critically needed 
products for the Armed Services. In 
addition to continuing the production 
of several versions of the Q Meter and 
Signal Generators, BRC, in cooperation 
with the M.I.T. Radiation Laboratory, 
developed microwave Signal Generators 
for the calibration of radar systems. 
These efforts won the company numer- 
ous awards and commendations and 
served to encourage a broadening of 
activities in the post-war period. 

Boonton Radio Corporation in 1939 

Beginning in 1946, an entirely new 
line of FM’ Signal Generators was in- 
troduced to serve the then embryonic 
television industry and several new in- 
struments for general purpose RF im- 
pedance measurements followed shortly 
thereafter. With the introduction of the 
VOR aircraft navigation system and the 
ILS aircraft landing system, specialized 

I -- 
Boonton Radio Corporation as it appears today  

ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
120 Son Pedro Drive, S. E. 
Telephone: AMherst 8-2478 
TWX: AQ70 Telephone Axminster 9-3594 

BlVlNS & CALDWELL 
3133 Maple Drive, N.E. 
Telephone. CEdar 3-7522 
TWX: AT 987 

DAYTON 19, Ohio 
CROSSLEY ASSO’S., INC. 
53 Pork Avenue 

ATLANTA, Georgia 

BINGHAMTON, N e w  York 
E A. OSSMANN a ASSOC., INC. 
147 Front Street 
Vestal, New York 
Telephone: ENdicott 5.0296 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
lntervale Rood 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

BOSTON, Massachusetts 
INSTRUMENT ASSOCIATES 
1315 Massachusetts Avenue 
Arlington 74, Mass. 
Telephone: Mlssion E-2922 
TWX: ARL MASS, 253 

CHICAGO 45. Il/inois 
CROSSLEY ASSO’S., INC. 
271 1 West Howord St. 
Telephgne, SHeldroke 3-8500 
TWX. CG 508 

DALLAS 9, Texos 
EARL LIPSCOME ASSOCIATES 
P. 0. Box 7084 

TWX: DY 306 

DENVER, Colorado 
GENE FRENCH COMPANY 
3395 South Bannock Street 
Englewood, Colorado 
Telephone: Sunset 9-3551 
TWX: ENGLEWOOD, COLO. 106 

EL PASO, Texas 
EARL LI  PSCOMB ASSOCIATES 
720 North Stonton Street 
KEystone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHapel 7-1 165 

HIGH POINT, North Coro/ina 
BIVINS a CALDWELL 
1923 North Main Street 
Telephone: Hlgh Point 2-6873 
TWX: HIGH POINT NC 454 

B O O  / NP O N  

Signal Generators for these systems were 
designed and introduced in the period P, 

Beginning in 1953, the basic Q Meters 
were redesigned and a Sweep Signal 
Generator, a self-contained VHF im- 
pedance bridge, Q Standards, and an 
RF Voltage Standard, as well as a Film 
Gauge for industrial applications, were 
added to the line. Last year marked the 
development of a unique Q Comparator 
which is now in production. 

In partial celebration of its 25 years 
in the electronic instrument industry, 
BRC is introducing four new instru- 
ments at the New York IRE Show this 
month: the Type 225-A Signal Gen- 
erator, the Types 245-C and D Signal 
Generator Calibrators, and the Type 
202-G FM-AM Signal Generator. These 
new instruments are described in this 
issue. 

from 1948 to 1953. 1s 

WIN A Q METER 
Visit the BRC exhibi t  (Booths 3101-3102) 

at the IRE show and  enter the Q Meter 
Contest. A factory reconditioned Type 160-A 
Q Meter will be  awarded again this year 
to  the person whose Q estimate is closest t o  
the actual  measured Q o f  a special coil 
which will be  on  display in the BRC exhibit. 
Complete informat ion will be  furnished by 
BRC representatives in attendance at the 
exhibit. 

ORLANDO, Florida 
BlVlNS B CALDWELL HOUSTON 5, Texas 
1226 E Colonial Drive 
Telephone CHerry 1-1091 

OTTAWA Ontario, Canada 

EARL LIPSCOMB ASSOCIATES 
P. 0. Box 6573 
3825 Richmond Avenue 
Telephone. Mohawk 7-2407 
TWX: HO 967 BAYLY ENGINEERING, LTD. 

48 Sporks Street 
Telephone: CEntral 2-9821 

HUNTSVILLE, Alaboma 
BlVlNS & CALDWELL 
Telephone: JEfferson 2-5733 
(Direct line to Atlanta) 

ROCHESTER 10, New York 
E. A. OSSMANN B ASSOC., INC. 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASSO’S., INC. 
5420 North College Avenue 
Telephone: CLifford 1-9255 
TWX: I P  545 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Los Altos Avenue 
Lor Altos, California 
Telephone: WHitecliff 8-7266 

LOS ANGELES, California 
VAN GROOS COMPANY 
21051 Costanso Street 
Post Office Box 425 
Woodland Hil ls California 
Telephone: Dlatkond 0-3131 
TWX: CANOGA PARK 7034 

ST. PAUL 14; Minnesota 
CROSSLEY ASSO’C., INC. 
842 Raymond Avenue 
Telephone: Mldwoy 6-7881 
TWX: ST P 1181 

SYRACUSE, New York 
E. A. OSSMANN & ASSOC.. INC. 
2363 James Street 
Telephone: HEmpsteod 7-8446 
TWX: SS 355 

TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
Aiox, Hunt Street Ontario, Canada 

Telephone: Ajox 118 
(Toronto) EMpire 2-3741 

Telephone FLeetwood 7-1881 
TWX: DL 411 

Printed in U.S.A. 
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Signal Gencr.l;tors for these systems were
designed and introduced in the period
from 1948 to 1953. ---'

Beginning in 1953. the basicQ Meters
were redesi&ned and a Sweep Signal
Generator, a se-lf<omained VHF im
pedance bridge, Q Standards, and an
RF Voltage Standard. as well as a Film
Gauge for industrial appliauions. were
added ro the line. Last yca.r marked the
developmem of a unique Q Comparator
which is now in production.

In parrial celebration of irs 25 years
in the electronic instrornent induStry,
BRC is imroducing four new instru
menrs at the New York IRE Show this
momh: the Type 225-A Signal Gen
eratot, the Types 245-C and 0 Signal
Generator Calibrators, and the Type
202-G FM·AM Signal GeneratOr. These
new insrruments are described in this
issue.
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Beginning in 1946. an entirely new
line of FM Signal GeneratOrs was in
ttoduced ro serve the then embryonic
television industry and several new in
struments for generol purpose RF im
pedance measurements followed shortly
thereafter. \'{fith the introduCtion of the
VQR aircraft navigation system and the
1I.s aircraft landing system, specialized
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3133 M.... I. 0'; ••• IoI.E_
T.I.ph""., CEd.., 3·n12
TWX, AT 1'87

IINCHAMTON. N... Y..,l
E A OSSMANIoI & ASSOC., IIoIC
141 "0'"' 5"••,
V••'ol. 101 V.....
T.I.oh , ENdl,o" '·0'296

100NTON. N ... J~".y
IOONIOIol ~AOIO CO~"O~ATION

1"'.""010 ~_
1.1.......... Of.,I"ld ..·3200
TWX, IOONTON NJ 166

DAUAS 9. f .....
EAll U'SCOM' ASSOCIATES
, O. 10. 7014
T.Ieploon., H_,..ood 7·1"1
TW" O. 411

CHICAGO d 1";_..
CIOSSlEY ASSO'S_ Ir+c.
1711 W.., Ho_...d Sr.
10......_ SHeldt ..... ).')GO
TWX CO 501

signer. The first produCt was the now
famous Q Meter which still reptesents
a basic tool and tus been accepted as II

Standllfd throughout the industry. Im
pfO\'cd \'ersions of the Q Meter have
since ~n designed and COfltinue to
form a ffilljor portion of BRCs produCt
line.

With the devdopmem of frequency
modulation techniques in the late
thirties, the company's interestS were
focused in this area and resulted in the
first commercial FM Signal Generator
which made irs debut at the Bosron
IRE meeting in 1940. BRC has since
expamled its line of FM Signal Gen·
erarors ro cover all commercial and
military applications in this field.

During World War n. BRC, like all
U. S. industry. was dira:rly engaged in
the manufacture of critially needed
producu for the Armed Services. In
addition to continuing the production
of several versions of the Q Meter and
Signal Generarors, BRC, in cooperation
with the M.I.T. Radiation laborarory,
developed microwave Signal GeneratOrs
for the calibration of radar sYStems.
These effortS won the company numer
ous awards and commendations and
served to eocourage a broadening of
activities in the post-war period.

P ....... fn U.s.A,

•
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Figure I .  Type 2 4 5 4  Signal Generator Calibrator. 

The Type 245 Signal Generator Cal- 
ibrator, available in two models, is a 
portable, self-powered, precision instru- 
ment which may be used as a calibrated 
high-level rf voltmeter; a source of cal- 
ibrated microvolt-level voltage of known 
impedance; and a calibrated percent AM 
meter. Being portable and furnishing 
its own power, the instrument is espe- 
cially adaptable to correlating signal 
generators and receivers located con- 
siderable distances from one another, 
such as might be found in airline com- 
munications installations and general 
service depots. With its calibrated out- 
put  voltages, the instrument is ideal for 
calibrating receivers, since it permits 
the use of almost any shielded signal 
source, regardless of output accuracy, 
obviating the need for elaborate test 
equipment. Used for calibrating signal 
generator output systems and for cal- 
ibrating percent amplitude modulation, 
the Calibrator not only saves inspection 
time, but frees other test equipment for 

Description 
u’ more profitable use elsewhere. 

A simplified block diagram of the 

Signal Generator Calibrator is shown in 
Figure 2. The two basic parts of the 
instrument, a non-frequency-sensitive rf 
voltmeter and a precision fixed atten- 
uator, are combined in a rigid mech- 
anical unit of coaxial construction, a 
cross section of which is shown in Fig- 
ure 3. The coaxiaI unit, together with 
suitable switching, amplifying, and me- 
tering circuits are housed in a small, 
sloping-panel cabinet measuring 9 
inches wide, 5 inches deep, and 5 inches 
high, and weighing only 5 pounds. All 
of the operating controls and a very 
sensitive meter are located symmet- 
rically on the front panel. Power is sup- 
plied from internal mercury batteries. 

Used as a high-level input voltmeter, 
the Calibrator operates as a 50-ohm 
monitor of the input voltage at the volt- 
meter diode, which, within the accuracy 
specifications of the instrument, is es- 
sentially the same as‘ the voltage applied 
to the input cable. The instrument will 
read, directly, input rf voltages of 0.1, 
0.05, and 0.025 volt. 

When operated as a source of low- 
level voltage, the Signal Generator Cal- 

m 
ibrator must be supplied from an ex- 
ternal source. The voltage applied to the 
instrument is monitored at the input to 
the coaxial attenuator and the low-level 
output from the attenuator appears in 
series with a 50-ohm impedance-match- 
ing resistor. The rf voltmeter is cali- 
brated to indicate the output voltages of 
20, 10, and 5 pv (245-C) or 2, 1, 0.5 
pv (245-D) across a 50-ohm termina- 
tion connected directly to the output 
jack of the Calibrator. The accessory 
Type 517-B Output Cable supplied with 
the Calibrator provides a 50-ohm ter- 
minating resistor followed by a 25- 
ohm impedance-matching resistor which 
raises the equivalent source impedance 
at the end of the cable to 50 ohms. 

When using the Calibrator as a per- 
cent AM meter, it is necessary to per- 
form an initial setup, using an unmod- 
ulated rf input signal to establish the 
’36 AM meter reference. This setup is 
performed with the Meter Function 
switch in the RF IN position. Once 
the reference is established, the instru- 
ment is switched to % AM and the volt- 
meter detects the same signal with mod- 
ulation applied. The ac component of 
the voltmerer is amplified, detected, 
and indicated on the calibrated 9% AM 
meter scale. 

A more complete description of the 
theory and design of the Signal Gen- 
erator Calibrator is given in references 
1, 2, and 3. Complete performance spec- 
ifications are given in this article under 
“Specifications”. 

Calibrating Signal Generator Output 
Calibrating the output of a signal 

generator is generally performed using 
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The Type 245 Signal Generator Cal
ibrator, available in twO models, is a
ponablc, self-powered, precision instru
ment which may be used as a calibrated
high-level rf voltmeter: a source of cal
ibrated microvolt-level voltage of known
impedance; and a calibrated percent AM
meter. Being portable and furnishing
jrs own power, the instrument is espe
cially adapt3bJe [0 correlating signal
generatOrs and re<:eivers located con
siderable distances from one another,
such as might be found in airline com
munications installations and general
service depots. With its calibrated Out·
put volmges, the instrument is ideal for
calibrating rc<eivers, since it permits
the usc of almost any shielded signal
source, regardless of OUtput accuracy,
obviating the need for elaborate test
C<juipment. Used for calibracing signal
generatOr Output systems and for cal
ibrating percent amplitude modulation,
rhe Calibrator nOt only saves inspection
time, but frees Other test equipment for
more profitable use elsewhere.

Description
A simplified block diagram of the

Signal Generaror Calibraror is shown in
Figure 2. The tWO basic parts of rhe
instrument, a non-£requency-sensitive rf
voltmeter and a precision fixed tmen
uawr, arc comhint-d in a rigid me<h
anical unit of coaxial construction, a
cross se<tion of which is shown in Fig
ure 3. The coaxial unit, together with
suitable switching, amplifying, and me
tering circuits ate housed in a small,
sloping-panel cabinet measuring 9
inches wide, 5 inches deep, and 5 inches
high, and weighing only 5 pounds. All
of the operating controls and a very
sensitive meter are located symmet
rically on the from panel. Power is sup
plied from internal mercury batteries.

Used as a high-level input voltmeter,
the Calibrator operates as a 50-ohm
monitor of the input voltage at the volt:
meter diode, which, within the accuracy
specifications of the instrument, is es
semially the same as" the voltage llpplied
to the input cable. The instrument will
read, directly, input rf voltages of 0.1,
005, and 0.025 volt.

When operared as a source of low
level voltage, the Signal Generator Cal-

ibrator must be supplied from an ex
ternal source. TIle vol rage applied ro the
instrument is monitored at the input to
the coaxial attenuator and the low-level
OUtput from the attenuator appears in
series with a 50-ohm impedance-match
ing resistor. The rf voltmeter is cali
brated to indicate the omput voltages of
20, 10, and 5 !JoV (24)-C) or 2, 1,0.5
p.v (245-D) across a 50-ohm termina
don connected directly to the output
jack of the Calibrator. The accessory
Type 517-8 OUtput Cable supplied with
the Calibrator provides a 50-ohm ter
minating resistor follOwed by a 25
ohm impedance-matching resistor which
raises the equivalent source impedance
at the end of [he cable to 50 ohms.

When using [he Calibrator as a per
cent AM meter, it is necessary to per
form an initial setup, using an unmod
ulated rf input signal to establish the
% AM meter reference. This setup is
performed with the Meter Function
switch in rhe RF IN position. Once
the reference is established, the insrru·
ment is switched to % AM and the volt·
meter detects the same signal with mod
lliation applied. The ac componem of
the voltmeter is amplified, detf"Cted,
and indicated on the calibrated % AM
meter scale.

A more complete description of the
theory and design of [he Signal Gen
etaror Calibrator is given in refetences
1,2, and 3. Complete performance spec
ifications are given in this article under
"Specifications'·.

Calibrating Signal Generator Output
Calibrating the output of a signal

generatOr is generally performed using
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Figure 2. Signal Generafor Calibrator System Block Diagram. 

a bolometer bridge. Most bolometer 
bridges are essentially high-level devices 
(of the order of 0.1 volt) and there- 
fore can only be used to check the upper 
end of a piston type attenuator, mean- 
ing that the mechanical law of the at- 
tenuator must be relied upon for lower 
voltage levels. 

ages of 0.1, 0.05, and 0.05 volt can be 
read, directly, merely by changing ranges 
and adjusting the generator output to 
the appropriate calibratism mark on the 
meter. If it is desired to calibrate volt- 
ages higher than 0.1 volt, it is only nec- 
essary to insert a precision pad of the ap- 
propriate attenuation between the gen- 
erator output and the Calibrator input. 
For example, to calibrate a generator 
output of 0.2 volt, a pad of 6 db attenu- 
ation would be used, and the generator 
output level would be adjusted until 
the Calibrator indicated 0.1 volt. 

Signal generator low-level output 
voltages can be calibrated using the Cal- 
ibrator as a transfer device. The 245-C 
will calibrate, directly, the levels of 
20, 10, and 5 microvolts and the 245-D 
will calibrate the levels of 2, 1, and 0.5 
microvolts. Used in this manner, the 
Calibrator acts as a precision fixed at- 
tenuator of 80 db attenuation in the 
case of the 245-C and 100 db in the 
case of the 245-D. 

The signal generator is connected to 
the Calibrator, with the Calibrator set 
to indicate output voltage, and the Cal- 
ibrator output is connected to a re- 
ceiver having a suitable signal-to-noise 
ratio and a means of indicating relative 
signal level. The generator output is 
then adjusted until the Calibrator in- 
dicates the desired output; for example, 
2 pv. The receiver is tuned and peaked 
to this signal and the receiver output 
noted. The Calibrator is removed from 
the setup, and the signal generator, with 
its output set at minimum, is connected 
to the receiver. The generator output is 
increased until the receiver indicates the 

Using the Calibrator, high-level volt- 

same signal level as previously noted. 
The generator is now delivering 2 pv 
(within specification tolerance) and its 
attenuator calibration can be checked 
accordingly. 

Should it be desired to check the at- 
tenuator of a generator at lower levels 
than the Calibrator will provide (either 
5 or 0.5 pv) ;  this may be done using 
precision fixed attenuators between the 
Calibrator output and the receiver. 

Exploring l a w  o f  Attenuation 
A point of interest is the fact that 

.the law of attenuation of a piston at- 
tenuator can be reasonably well explored 
using the Signal Generator Calibrator. 
The-generator output is first checked at 
the maximum level and at levels of 6 
db and 12 db below maximum using the 
Calibrator input voltmeter calibrations 
of 0.1, 0.05, and 0.025 volt. Then, the 
minimum calibrated output from the 
generator is checked using the Cali- 
brator and a receiver. The checks at 
maximum and minimum output fix the 
overall calibration of the attenuator. If 
the measured attenuation at very low 
levels is less than is indicated by the 
attenuator dial calibration, it is an in- 
dication of rf leakage internal to the 
attenuator system; i.e., the attenuator is 
receiving power from other than the 
desired source, a variation in the at- 
tenuator bore diameter, or errors in the 
dial drive. The three high-level checks 
determine the linearity of the attenua- 
tor calibration, since it is in this high- 
level region, where the attenuator loop 
is near the mouth of the attenuator tube, 
that the law of the attenuator is gen- 
erally violated by spurious modes of 
propagation. 

Measuring RecGver Sensitivity 
The Signal Generator Calibrator pro- 

vides signal levels which are most often 
required for sensitivity measurements 
of both narrow and broad-band receiv- 
ers: 2, 1, and 0.5 pv from the 245-D and 
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20, 10, and 5 pv from the 245-C. How- 
ever, if levels lower than 0.5 pv are re- 
quired for more sensitive receivers or 
for noise figure measurements, these 
can be obtained by associating the Cal- 
ibrator with either a precision piston 
attenuator (for complete versatility) or 
with precision fixed attenuators. The 
lowest level of measurement attainable 
then is subject only to the limitation in 
shielding the receiver from the signal 
source. 

Used in conjunction with a swept 
signal source, the Calibrator permits the 
dynamic checking of receiver sensitivity. 
The receiver, previously aligned with a 
high-level signal, is supplied with d 
calibrated low-level, swept signal from 
the Calibrator and the receiver sensi- 
tivity curve is observed as a visual dis- 
play on an oscilloscope. This test re- 
quires the use of a well shielded sweep 
signal generator such as the BRC Type 
240-A. 

It should be noted here, that in re- 
ceiver sensitivity measurements where 
the highest degree of accuracy is re- 
quired it may be necessary to correct 
the Calibrator voltmeter indications for 
the output cable attenuation. If the out- 
put cable supplied with the Calibrator 
is used, it is advisable to apply this cor- 
rection at frequencies above 500 mc 
For any other cable used to connect 
the Calibrator to the receiver, the cor- 
rection will depend upon the length and 
type of cable employed. 

- 

Calibrating Signal Generafar 
Percent AM 

Calibration of signal generator per- 
cent AM is generally performed using 
an equipment to heterodyne the signal 
generator carrier frequency down to 
some frequency acceptable to an oscil- 
loscope and then sweeping the oscil- 
loscope with the signal generator modu- 
lating frequency. The trapaziodal pat- 
tern thus obtained on the oscilloscope 
is a measure of the percent AM, subject, 
of course, to the interpretation of the 
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a bolomeler bridge. MOSt bolometer
bridges are essentially high-Ievd devices
(of Ihe order of 0.1 volt) and there
fore Coln only be used to check the upper
end of a piston type anenuator, mean
ing lhat the mectlanial law of the at
tenuatOr mll5t be relied upon for lower
voltage levels.

Using the CalibratOr, high-level volt- o

ages of 0.1, 0.05, and 0.05 volt can be
read, directly. merely by Changing rangt5
and adjU5ting the gcnenuor OUlput to
Ihe appropriale alibrati$ln mark on the
meier. If it is desired to calibrate voll
agt5 higher than 0.1 volt. it is only nec
essary to insert a precision pad of the ap
propriate attenuation between du: gen
eraror output and the Calibrator inpUi.
For example, to calibrate a generator
OUtput of 0.2 voh, a pad of 6 db ;menu
arion would be used. and the generatOr
OUtpUI level would be adjusted until
the Calibrator indiClIt~ O. I volt.

Signal generatOr low-level output
volmgt'S cnn be calibrated using the Cal
ibrator as a trolnsfer device. The 245-C
will calibrarc, dirc:ct!y, the levels of
20. 10, and 5 microvOlts and the 245-0
will Clllibrncc the levels of 2, 1. and 0.5
microvolts. Used in this manncr, the
C.,libratOr aCts as a precision fixed at·
tcnuatOr of 80 db :menuation in the
case of the 245-C and 100 db in the
case of the 245-0.

The signal generatOr is connecred to
the CalibratOr, with the CalibratOr set
to indiaue outpUt voltage, and the Cal
ibratOr outpul is connected (0 a re
ceive( having a suitable signal-(()-noise
ratio and a means of indicating relative
signal level. The genCtllllor OUtput is
Ihen adjusted uoril rhe Calibraror in
diaues the C1esired OUtpul; for exampit'.
2 ,.v. The receive( is IUned and peaked
to rhis signal and rhe receive( OUtpur
nOted. The Calibralo( is removed from
lhe seIUP, and the signal generaror, with
irs OUtpul SCI al minimum, is connected
to the n:cei\'er. The generator OUtput is
increased uoril the (eceiver indicates the

same signal level as p(cviously noted.
The generator is now deliveling 2 ,.v
(within specificarion tolerance) and irs
arrenuator calibration can be ch«ked
accordingly.

Should it be desired to check the at
tenuator of a generator at lower levels
man the Calibrator will provide (either
5 or 0.5 ,.v); this roay be done using
precision fixed anenuarors between lhe
Calibroltor ourpul and the receive(.

Exploring law of Attenuation
1\ poior of iOlercsr is the faCt that

·the law of attenuation of a pislon at
tenualO( can be reasonably well explo(ed
using (he Signal Generato( Calibrator.
The generator OUtput is firsr checked lit
the maximum level and ar levels of 6
db and 12 db below maximum using the
CalibralOr input voltmeter calibrations
of 0.1. 0.05. lind 0.025 volt. Then, the
minimum calibrated omput from the
genemto( is checked using rhe Cali
bratOr and a receiver. The ch(:cks at
maximum and minimum outpUt fix thc
overall calibration of the attenuator. If
the measured attenuation at very low
levels is less than is indiaHl-d by the
attenuatar dial calibrarion, iI is an in
dication of rf leakage iOlcrnlll to the
artenualOr system; i.e., Ihe attenuator is
receiving power from other than the
desirl-d source, a variation in the al
tenuator bore diameter, or crrOrs in the
dial drive. The Ihree high-level c1ll'cks
determine the linearily of t~e attenua·
tor calibration, since it is in this high·
level region. where the attenuator loop
is near the moulh of the atrenuator lUbe,

Ihal the law of !he at(enuatOr is gen
erally vi~a1ed by spurious modes of
propagauon.

Meosuring Recltiver Sensitivity
The Signal Generator Calibrator pro

vidt5 signal levels which are most ohen
required for sensirivil)' measurements
of both narrow and broad·band receiv
ers: 2, I, and 0.5 ,.v from the 245-0 and

2

20, 10, and 5 JAV from the 245·C. How
ev~r, if levels lower rhan 05 JAV are re
quired fOr more 5e1\Siti\·e receivers Or
for noise figure measuremenu, these
can be obcained by associating rhe Cal
ibrator wilh either a precision pislOn
anenuator (for complete versatility) or
wilh precision fixed altenuarots. The
10wt51 level of measurement anainable
rhen is subjeet only to the limitation in
shielding the receiver from rhe signal
source.

Used in conjunCiion with a swepl
signal source, the Calibralor permics Ihe
dynamic Checking of receiver sensitivi(y.
The receive(, previously aligned with a
high-level signal. is supplied wilh a
calibraled low-level, swept signal from
Ihe Calibrator and rhe receive( sensi
tiviry curve is observed as a visual dis
play on an oscilloscope. This tes! re
quires the use of a well shieldl-d sweep
signal generato( such as (he BRC Type
240·1\.

It should be noted here, that in re
ceiver sensitivity measurementS where
the highest degree of accuracy is re
quired it may be necessary to correct
!he Calibrator voltmerer indications for
the output cable attenuation. If the out·
pur cable supplied with the Calibrator
is used, it is advisable to apply this cor·
rection at frequencil"S above 500 me.
For any other cable used to connecl
the GlibralOr fO the fl"Ceiver, the cor·
reetion will depend upon thc length and
type of cable employed.

Colibrating Signal Generator
Percent AM

Calibration of signal generator per
cent AM is generally performl-d using
an equipment to heterodyne the signal
generalor carrier hequency down 10
some hequenc)' acceptable 10 an oscil
loscope and Ihen sweeping the oscil
loscope with rhe signal generato( modu·
lating frt'quency. The lrapaziodal p;u
{ern thus obtained on rhe oscilloscope
is ~ measure of the percent AM, subjea,
of course, to Ihe inrerpretlllion of the
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observer. 
With the Calibrator only two steps 

are required for percent AM calibration. 
First, a reference level is established on 
the Calibrator input range, using the 
unmodulated output of the signal. Then, 
with the Calibrator set on the ’9% AM 
range, modulation is applied to the 
carrier and percent AM is read, directly, 
on the Calibrator $36 AM scale. 

Distortion 
It should be noted that the instrhment 

is accurately calibrated for undistorted, 
sinusoidal modulation. The presence of 
distortion, therefore, introduces a cor- 
responding error in the meter reading 
as indicated in Figure 4. It follows that 
with distortion present and the most 
accurate results required, it is necessary 
to know the kind and amount of distor- 
tion so that the meter reading may be 
corrected accordingly. 

Carrier Shift 
Another possible cause for error in 

the 9% AM indication would be a shift 
in carrier level due to the application of 
modulation. If percent AM calibrations 
are to be made under conditions of 
carrier shift, it may be desirable to re- 
calibrate the 9% AM meter. For any 
reasonable linear carrier shift with 
modulation, this recalibration is easily 
accomplished using the internal 9% AM 
meter sensitivity control to adjust the 
meter to indicate correctly a known 
percent AM. 

In this connection, it is interesting to 
note that the Calibrator may be used to 
detect gross shifts in carrier level caused 
by the application of modulation. Whep 
used in the RF IN  position as an rf 
voltmeter, the meter indication for a 
modulated carrier will be somewhat 
greater than for the same level carrier 
without modulation. For a carrier level 
of 0.1 volt, for example, the meter in- 
dication is increased approximately % ,; 
inch for 50% modulation. If, when 
modulation is applied, the meter read- 
ing does not increase about the expected 
amount, carrier shift is indicated. Should 
the meter read less with modulation 
applied, a considerable shift in carrier 
level would be indicated, indicating the 
presence of so-called “downward mod- 
ulation” (positive peak clipping of the 
envelope). 

- 

w 

Monitoring Transmitter Output 
An antenna connected to the Cal- 

u ibrator input and placed in proximity to 
a transmitter antenna, or at some other 
point radiating power, would enable the 

Calibrator t o  indicate relative field 
strength when used in the RF IN posi- 
tion. If the input to the Calibrator were 
adjusted to the 0.1-volt reference level, 
the instrument could be used in the 5% 
AM position to indicate, directly, the 
percent AM present. 

An improvement of this application 
would be the connection of a well 
shielded, sensitive receiver to the low- 
level output of the Calibrator to directly 
monitor the transmitter while in rea- 
sonable proximity to it. 

impedance Matching 
It should be noted that for the best 

accuracy in the measurements described 
herein, as with most measurements in- 
volving the interconnection of instru- 
ments, the problem of matching im- 
pedances must be taken into account. 
Reference 4, covers this subject in some 
detail. 

have an output impedance of 50 ohms. 
If the output impedance is not 50 ohms, 
an impedance matching pad should be 
used. The signal level should be mon- 
itored at the input to the Calibrator with 
an accurate ac voltmeter of high input 
impedance. Internal meter sensitivity 
controls are provided in the Calibrator 
to adjust the meter for correct indica- 
tion of the three input voltages of 0.1, 
0.05, and 0.025 volt 

A second method for calibrating the 
input voltmeter is to compare the Cal- 
ibrator voltmeter reading directly to the 
calibrated output of a known accurate 
signal generator having a piston type at- 
tenuator, such as the BRC Type 202-E 
or Type 225-A Signal Generators. These 
generators have a 50-ohm output im- 
pedance. If a generator with other than 
50 ohms output impedance is used, a 
matching pad must be employed, and 

T O  METER 
CIRCUITS 

R F  
INFUT 

5n son 
DIODE 

2 5 1  

RF VOLTMETER ATTENUATOR TERMINATED OUTPUT 
CABLE 

Figure 3. Coaxial Voltmeter-Attenuator Assembly and Output Cable. 

Recalibration 
The general design of the Signal Gen- 

erator Calibrator is such that recalibra- 
tion is seldom necessary. However, if 
recalibration becomes necessary, it is 
recommended that the instrument be re- 
turned to the factory for the most ac- 
curate calibration. If this is not con- 
venient, field calibration of a lesser 
degree of accuracy may be performed. 

input Voltmeter 
Field recalibration of the input volt- 

meter may be accomplished using either 
of two methods. The first method in- 
volves the use of a 1000 cps source and a 
60 pf additional bypassing capacitor. 
The bypass capacitor is connected at the 
voltmeter output at the end of the co- 
axial block. The 1000 cps should be of 
low distortion and the source should 

the attenuation of the pad must be taken 
into account when determining the in- 
put to the Calibrator as indicated by the 
signal generator attenuator calibration. 
The input signal is adjusted for 0.1, 
0.05, and 0.025 volt and the internal 
sensitivity controls in the Calibrator are 
adjusted so that the Calibrator indicates 
these levels correctly. If a generator of 
dubious accuracy is used, the three levels 
can be established by calibrating the 
generator at the three levels, using a 
bolometer bridge. 

% A M  Merer 
The ’9% AM Meter can be recalibrated 

in much the same way as the rf volt- 
meter; i.e., by comparison with a known 
percent AM. As mentioned previously, 
it is desireable that the modulation be of 
low distortion and that there be no 
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th.: attenuation of the pad must be taken
into account when determining the in
put to the CalibratOt as indicated by the
signal generatOr Il.llenuatOr calibration.
The input signal is adjusted for 0.1,
O.OS, and 0.02S \"olt lind the internal
sensitivity comrols in the Calibrator are
adjusted SO thar the Calibr:ltOr indicates
these levels correctly. If a generator of
dubious 3CCUruy is used, the three levels
can be established by calibr.1ting the
generatOr at the three levels, using a
bolometer bridge.

% AMMeTer
The ~ AM Meter can be recalibt1lted

in much the same way as the rf volt
meter; i.e.• by comparison with a known
percent AM. As mentioned previously,
it is dc:sireable that the modulation be of
low distortion and that there be no

have an OUtput impedance of SO ohms.
If the OUtput impedanu is not SO ohms..
an impedance matChing pad should be
used. The signal level should be mono
itored at the input to the Calibrator with
an accurate 1LC voluneter of high input
impedance. Imernal meter sensiti"jty
controls are provided in the Calibrator
to adjUst the meter for COrrect indica
tion of the three input voltages of 0, I,
O.OS, and 0.025 voir

A second method for calibrating the
input voltmeter is to compare the Cal·
ibr:ltor voltmeter reading direcdy to the
calibrated ompUl of a known accurate
signal generatOr having a piston type at
tenUator, such as the BRC Type 202·E
or Type 22S-A Signal Generators, These
generators have a 50'ohm ouepUt im
pechnce. If a genCl:ltor with ot:her than
SO ohms OUtpUt impedance is used, a
matching pad must be employed, and

.OA

"'INPUT

TO IIICTt:1l
CtllCUITS

Recalibration
The general design of the Signal Gen

eratOr Calibr:ltor is such that rcalibra·
tion is seldom necessary. However, if
recalibration becomes necessary, it is
recommended that the inStrument be re
turned 10 the faCtory for the most ac
curate C1libration. If this is not con
\·eniem, field alibration of a lesser
degrer of accuracy may be performed.

Input Voltmeter
Field rccalibration of the input volt

meter may be accomplished using either
of tWO methods. The first method in
volvc:s the use of a 1000 cps source:md a
60 pf additiol131 bypassing capacitOr.
The bypass apacitor is connected at the
voltmeter OUtput at the end of the co
axial block. The 1000 cps should be of
low distOrtion and the source should

Calibrator to indicate relative field
strength when used in the RF IN posi
tion. If the input to the Calibrator were
adjusted to the O.I·voh referenu level.
dlt' instrument could be used in the q.
AM position to indicate, directly, the
percent AM presen!.

An improvement of this application
would be the connection of a well
shielded. sensitive receiver to the low
level OUtpUt of the Calibrator to directly
monitor the transmitter while in rea·
sonable proximity to it.

Impedance Motching
It should be noted that for the best

at:cul:ICY in the measurements described
herein, as with mOSt measurcments in
volving the interconnecdon of instru·
ments, the problem of matching im
JX--dances must be mken into account.
Reference 4, covers this subject in some
derail.

observer.
With the Calibrator only twO Steps

are required for percent AM calibration.
First. a rdetence Inel is established on
the Calibrator input range, using the
unmodulated OUlplll of the signal. Then.
with the C2libr:.uor set on the q:. AM
range. modul.:uion is applied to the
carrier and percent AM is rod, directly.
on Ihe G1librawr % AM scale.

Distortion
It should be noted that the insttOmenc

is accuralely calibrated for undislOrted,
sinusoidal mooulation. The presence of
distortion. therefote. imroouces a cor
responding crror in the meter reading
as indicated in Figurc "I. It follows that
willl distortion present and lhe most
accurate rl,.'Sults required, it is necessary
to know the kind and amount of dislOr·
tion SO that the meter reading may be
corrected accordingly.

Corrier Shiff
Another possible cause for ertor in

the fJ AM indication would be a shift
in carricr level due to the application of
modulation. If petcent AM calibnttions
are 10 be made under conditions of
carrier shift, it may be eksirablc to re
calibrate the r'f AM meter. For any
reasonable linear carrier shift with
modulation, this recalibration is easily
accomplished using the internal C'f AM
meter sensitivity comrol ro adjust the
meter to indicate corrc~cdy a known
perCent AM.

In this connection, it is interestin~ ro
note that the Calibraror may be used ro
detect ~ross shifts in carrier level caused
by the appJicacion of modulation. Whcr"
used in the RF IN position as an rf
voltmcter. the meIer indication for 11

modulawd carrier will be somewhat
grealCr than for the same level carrier
withOUI modulation. For a carrier level
of 0.1 volt. for example. the meter in·
dication is incrt.'ased approxim:llely 1~ 11

inch for SOc./- modulation. If. when
modul:ltion is applied. the merer read·
in~ does not: increase about the eltpecu:d
amount. arrier shift is indicated. Should
the meter read less with modulation
applied. a considerable shift in arrier
1e\'e1 would be indicated, indicating the
prt'SC"nce of so-called "downward mod·
ulation" (positive peak clipping of the
en\'e!ope) .

Monitoring Transmitter Output
An antenna connected to the Gil·

'-'" ibt1ltor input and placed in proximity to
a transmitu:r antenna, or :It some other
point radi:lting power, would enable the
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F U N  DAM ENTAL 10% 2”HARMONIC IO%3’’HARMONIC 

RRV.  ERROR t 1.5% 

AVC. V. ERROR t 3 . 3  9, 
METER READING ERROR -I. 5 %  

~~~~~ ~ ~ ~ ~~ ~ 

Figure 4. Example of Error Caused by 10% Second and Third 
In-phase Harmonic Modulation Disfortion. 

carrier shift with modulation. A suitable 
generator for this purpose is one such as 
the BRC Type 232-A. If only an un- 
calibrated AM source is available, it may 
be calibrated using the trapazoidal 
method. A convenient modulating fre- 
quency is 1000 cps and a good calibra- 
tion point is 50%. Several points may 
be checked, if desired, and a compro- 
mise setting may be made for any slight 
error noted. With the modulated signal 
applied to the Calibrator, the internal % 
AM meter sensitivity control is adjusted 
so that the meter indicates the correct 
% AM. 

low-level Output 
When the Signal Generator is re- 

ceived from the factory, it is accurately 
calibrated. It would be advisable at this 
time to calibrate the high and low-level 
outputs of several signal generators and 
to record the information. This data 
would then serve as a convenient means 
for checking the calibration of the sig- 
nal Generator Calibrator at some later 
date when there is reason to believe 
that its accuracy has deteriorated. 

Field recalibration of the Calibrator 
low-level output (attenuation) can be 
performed easily by direct comparison to 
a signal generator having an accurately 
calibrated precision piston attenuator 
which has been standardized with a 
bolometer bridge. A sensitive receiver 
of good signal-to-noise ratio, with a 
means for indicating relative signal 
level, is required to monitor the low- 
level signals. The generator is connected 
to the receiver and a low-level signal of 
the order of 2 pv is applied. The receiver 
is tuned and peaked to this signal and 
the relative signal level indication noted. 

The generator is thon disconnected from 
the receiver and the Calibrator (set for 
a 2 pv output) is inserted; the input 
cable connected to the generator and the 
terminated output cable connected to 
the receiver. The generator output is in- 
creased until the receiver indicates the 
same signal level as was previously in- 
dicated (2  pv),  and the internal sen- 
sitivity control in the Calibrator is ad- 
iusted so that the Calibrator meter in- 
dicates the correct calibration. The same 
procedure would be used for the two 
lower levels of 1 pv and 0.5 pv utilizing 
the sensitivity controls provided for 
each level. This method is of greatest 
value when the generator has been pre- 
viously checked by the Signal Generator 
Calibrator. 

As mentioned previously, it is nec- 
essary to properly match impedances if 
the best accuracy is to be obtained. Also, 
it is advisable to use identical type and 

length cables when making comparison 
measurements. e 

Specifications 
RADIO FREQUENCY MEASUREMENT 

CHARACTERISTICS 
RF Range: 500 Kc. to 1000 Mc. 
RF Voltage Measurement Levels: 

Input: 0.025 0.05 0.1 Volts. 
Output: 5, 10,’ 20 Lv. (245-C). 

0.5, 1, 2 hv. (245-D). 

Input: f100h 500 Kc. to 500 Mc.* 
f15oh 500 Mc. to 1000 Mc.* 
*When supplied from a 50 ohm nominal 
source, with a VSWR <2. 

Output: %100h 500 K c .  to 500 Mc. 
%ZOO,& 500 Mc. to 1000 Mc. 

RF Voltage Accuracy: 

RF Impedance: 
Input: 50 ohms. 

Output: 50 ohms.* 
*At output iack on instrument and at 
output connector of Type 517-6 
Output Cable. 

<1.6 500 Mc. to 1000 Mc.* 

<1.07 100 Mc. to 500 Mc.* 
<1.1 500 Mc. to 1000 Mc.* 
*At output connector of Type 517-6 

RF VSWR: 
Input: <1.3 500 K c .  to 500 Mc. 

Output: <1.05 500 KC. to 100 Mc. 

Output Cable. 
AMPLITUDE MODULATION MEASUREMENT 

CHARACTERISTICS 
AM Range: 10 to 1000/ 
AM Accuracy: ?loo,& 30 cps. to 15 Kc.* 

-C150/, 20 cps. to 20 Kc.* 
*Modulating frequency. 
AM Frequency Range: 20 cps. to 20 Kc. 
RF Input Requirements: 0.05 volts. 

References 
1. Gorss, C. G., “An RF Voltage Stand- 

ard Supplies a Standard Signal at a 
Level of One Microvolt”, BRC Note- 
book No. 5. 

2. Gorss, C. G., “Calibration of an In- 
strument for Measuring Low-Level 
RF Voltages”, BRC Notebook No. 
14. 

3. Poirier, R., “A Signal Generator Cal- 
ibrator for RF Level and Percent 
A M ”  BRC Notebook No. 21. 

4. Moore, W. C., “Use of the RF Volt- 
age Standard Type 245-A”, BRC 
Notebook No. 7. 
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Measurement of Voltage Sensitive Capacitors 

As evidenced by an ever-increasing 
rate of inquiries, there is a growing in- 
terest today in measuring the dynamic 
parameters of voltage sensitive diode 
capacitors at radio frequencies. Much in- 
formation has appeared in the literature 
on these devices, so that it will suffice 
to say that these diodes, under certain 
biasing conditions, exhibit the charac- 
teristics of variable capacitors. Our par- 
ticular interest in this matter is to in- 
dicate a means of measuring the equi- 
valent series resistance, equivalent series 
capacitance, and of course, Q of these 

capacitors. The Type 250-A RX Meter, 
a completely self-contained RF bridge 
operating over a range from 500 kc to 
250 mc, and completely described in 
issue number 2 of the Notebook, has 
been found ideally suited for this appli- 
cation and the purpose of this article is 
to outline a method for carrying out 
these measurements. Since the Q can be 
very easily found from the resistance and 
capacitance, and inasmuch as the equiv- 
alent series capacitance and equivalent 
parallel capacitance are approximately 
the same where the Q involved is 10 or 
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Measurement of Voltage Sensitive Capacitors

length cables when making comparison
measurements. -../

Specifications
~AOIO FUQUEHCY MEASUREMENT

CH.AUCTUISTlC$
~f Rang., m It•. to 1000 101•.
~f Volloge M.o... ' .....n' ~...I..

Inp.." 0.02S, O.OS. 0.1 Vol ...
O..lp ..t, S, 10, 20 I'~' (24S.C).

O.S. I, 2 I'~. (24S·D).
II.f Vollall. A.....o.y,

Inp..t, :!:10,% .sao It •. lo.sao 101 •. '
:!:lS,% .sao M•. '0 1000 101<.'
'When ...ppU"'/ f.om 0 50 ohm .ominol
.o..,c•. with ° VSWR <2.

O"'p ..h :!:10,% .sao It •.•o SOO 101••
±20"" .sao 101 •. '0 1000 M,.

~f l",podon••,
Inp ..t, 50 oh .....

Oy'p.." 50 ohm•. •
·At o..tp..llo.k .... In.'' ....... ' ond ot
o..lp ..t ,onn."o' of Typo $17·1
O..lp ..' Cobfe.

~f VSW~,

Inp.." <1.3 SOD It<. 'o.sao 101,.
<1.6 SOD 101'.'01000 101.,

O"'p .." <1.0S.soo ,l •• 'o 100 101,.
<1.07100 M<. 'o.sao M•. •
<1.1 SOD 101<. '0 1000 101,.·
•.0.' oU'pu' <onn.c'o, ollypo S17_1

AMPllT~'ljr~aD~IL;'TION MEASUREMENT
CHAUCTUISTICS

AM ~onll.' 1010100"".
AM .0.""'0'" ±10"" 30 'p•. '0 IS Itc.-

:15"" 20 'P'. '0 20 It•. '
·Mod..lo'ing I'.qu••,y.
AM F••q..eney ~on!l.' 20 cp•. to 20 It •.
RF Inp". hquiro ...en.. , O.OS voir•.

References
1. Gorss, C G., "An RF Volrage Stand

ard Supplies a Standard Signal at a
uvel of One Microvolt", ERC NOte
book No.5:

2. Gorss, C. G., "Calibration of an In
srrument for Measuring Low-Level
RF Voltages", BRC Notebook No.
14.

3. Poirier, R., "A Signal Generator Cal·
ibratOr for RF Level and Percent
AM'" BRC Notebook No. 21.

4. Moore, W. C, "Use of the RF Volt
age Standard Type 245-A", BRC
Norebook No.7.

The generator is then disconnected from
the receiver and the Calibrator (set for
a 2 liV output) is inserted; the input
cable connected to the generator and rhe
terminated OUtput cable connected to
the receiver. The generator ourput is in·
creased until the receiver indicates the
same signal level as was previously in
dicated (2 liV), and the internal sen·
sitivity comrol in the Calibrator is ad
justed so that the Calibrator meter in
dicates the correct calibration. The same
procedure would be used for the twO
lower levels of 1 liV and 0.5 liV utilizing
the sensitivity controls provided' for
each level. This method is of greatest
value when the generator has been pre
viously checked by the Signal Generaror
Calibrator.

As memioned previously, it is nec
essary to properly match impedances if
the beSt accuracy is to be obtained. Also,
it is advisable ro use identical type and

Fig...e 4. Exampl. af E"o. Ca...ed by 10,. Se<ond and T"j"J
'n_plta•• Ho,monj< Mod"lotion Dj.'o.rion.

F"UNDAIolENTAL lO~ 2·~HAAIolONIC. IO%3·4HAA""ONIC

P.P.V. EAAOR tl.!>1., -"
.WG. V. ERROR 0 t3.3 %
METER REAOING ERROR -I.~% "'3.3%

low-level Output
When the Signal GeneratOr is re

ceived from the factOry, it is accurately
calibrated. It would be advisable at this
time to calibrate the high and low-level
outputs of several signal generators and
to record the information. This data
would then serve as a conveniem means
for Checking the calibration of the sig
nal Generator Calibrator at some later
date when there is reason to believe
rhar its accuracy has deteriorated.

carrier shift with modulation. A suitable
generator for this purpose is one such as
the BRC Type 232·A. If only an un
calibrated AM source is available, it may
be calibrated using the trapazoidal
method. A convenient modulating fre
quency is 1000 cps and a good calibra
tion point is 50%. Several points may
be checked, if desired. and a compro
mise setting may be made for any slight
error nOted. With the modulated signal
applied to the CalibratOr, the internal %
AM meter sensitivity control is adjusted
so thar [he meter indicates the corre<:t
% AM.

Field recalibration of the Calibrator
Jow-level Output (attenuation) can be
performed easily by direct comparison to
a signal generator having an accurately
calibrated precision piston attenuator
which has been standardized with a
bolometer bridge. A sensitive receiver
of good signal-to-noise f11tio, with a
means for indicating relative signal
level, is required to monitor the low
level signals. The generator is connected
to the receiver and a low-level signal of
the order of 2 p.v is applied. The receiver
is tuned and peaked to this signal and
the relative signal level indicarion noted.

As evidenced by an ever-increasing
rate of inquiries, there is a growing in
terest today in measuring the dynamic
parameters of voltage sensitive diode
capacitors at radio frequencies. Much in
formation has appeared in tbe literature
on these devices, so that it will suffice
to say that these diodes, under certain
biasing conditions, exhibit me charac
teristics of variable capacicor:s. Our par
ticular interest in this matter is co in
dicate a means of measuring the equi
valene series resistance, equivalent series
capacitance, and of course, Q of these

capacitors. The Type 250-A RX Meter,
a completely self-contained RF bridge
operating over a range from 500 kc to
250 mc, and completely described in
issue number 2 of the Notebook, has
been found ideally suited for this appli
cation and the purpose of this article is
to outline a method for carrying oue
rhese measurements. Since the Q can be
very easily found from the resistance and
capacitance, and inasmuch as rhe equiv.
alent series capacitance and equivalent
parallel capacitance are approximately
the same where the Q involved is 10 or
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greater, measurements can be simplified 
to the determination of the equivalent 
s e r i e s  res i s tance  a n d  e q u i v a l e n t  
capacitance. 

i, 

Basic Technique 

Basically the technique used in meas- 
uring these voltage sensitive diode 
capacitors is very similar to that em- 
ployed with other circuits requiring a 
known and controlled amount of bias 
applied to the component under test. 
Methods of introducing biasing poten- 
tials and typical measuring circuits for 
the RX Meter have been discussed in 
issue number 6 of the Notebook. This 
article also illustrated a method for ex- 
tending the capacitance range of the 
RX Meter beyond the direct-reading 
range of 20 ppf available on the in- 
strument. Actually, then, the matter of 
measuring the voltage sensitive capaci- 
tive diode merely involves the introduc- 
tion of the necessary bias to establish 
the proper operating point and a know- 
ledge of the method used for extending 
the capacitive range of the RX Meter. 
This information, when properly applied 
will yield for frequencies below 20 mc, 
the equivalent parallel resistance and 
capacitance, which can then be con- 
verted to the Q of the circuit. 

c- 

High-Frequency Technique 

For measurements of these voltage 
sensitive variable capacitors at frequen- 
cies above approximately 20 mc, how- 
ever, it became apparent that some 
modification of the low frequency tech- 
niques would have to be employed since 
the coils used at 50 mc or above would 
have inductances below 0.1 microhen- 
ries, and the 0.003 microhenry residual 
inductance of the bridge would now 
start to introduce errors and have an in- 
creasingly greater influence on the ac- 
curacy of the measurements as smaller 
coils were used for range extension. 

As a matter of background informa- 
tion, it might be interesting to note that 
a solution to this situation was ap- 
proached in various ways. For example, 
an initial attempt was made to circum- 
vent the use of a coil entirely, by first 
using a series capacitor in the order of 
20 ppf, measuring it both for its capa- 
citance and losses (including the jig), 
and converting these values to their 
series equivalents. By then adding the 
actual diode to be tested, similarly read- 

v 

Courtesy Pacific Semiconductors, Inc. 

Figure I .  Typical circuii for measuring voltage sensitive capacitors ai frequencies above approx- 
i i a t e l y  20 mi .  

ing the entire circuit parameters and con- 
verting them to their series equivalent, 
an evaluation could be made of the 
diode by subtracting out the losses ex- 
ternal to it. However, after some exten- 
sive study and evaluation of this method, 
it was decided that while it would yield 
a realistic value of capacity in most 
cases, the conversion and determination 
of the equivalent series resistance of the 
diode was not satisfactory. 

Some thought was also given to the 
use of a quarter-wave-length line as a 
means of converting the capacitance of 
the diode to an inductive reactance, 
thereby extending the range automatic- 
ally to an equivalent 100 ppf. However, 
this advantage was gained at the expense 
of various disadvantages; namely, each 
quarter-wave-length line would be suit- 
able at only a given frequency, the 
values of resistance that could be meas- 

Courtesy Pacific Semiconductors, Inc. 

Figure 2. 
measuring capacitances. 

Calibration curve for CP dial  when 

Figure 3. Calibration curves for the RP dial. 
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ing the entire circuit parameten and con
verring {hem to th<-ir series equivalent,
an evalua{ion could be made of the
diode by subc.naaing OUt th<- Iosscs ex
temaJ to it. However, after some exten
sive study and evaluation of {his method,
i{ was decided that while it would yield
a realistic value of capacity in mos{
cascs, the conversion and determination
of {he equivalent series resinance of the
diode was nor satisfaCtory.

Some thought was also given 10 the
usc of a quarter-wave-Iength line as a
means of converting th<- capacitance of
the diode to an induaive reaCtance,
then-by extending the range automatic·
ally 10 an equivalent 100 ,.,.f. However,
this advantage was gained al {he expense
of various disadvantages; namely. each
quarter-wave-length line would be suit
able at only a given frequency, the
values of resistance Ihat could be mcas-

R"RIAA£ 'SOLATING Rt:51STORS
VALVCS Of' C,.CI.P NOT Cl'IlllCAL
L.c.oIL vstO TO £Xl£NO CAf'ACIllYE

CI.C. ARt BY-PlIl.$S CAPIO.C;lTORS R~ 01" R:c M£l£1I.----------------------------,,

High.Frequency Technique

For measurements of these VOltage
sensitive variable capacilors at frequen·
cies above approximatc1y 20 mc, how
ever, it became apparent Iha{ some
modification of the low frequency {echo
niques would have to be employed since
the coils used lit 50 mc or above would
have indUCtances below 0.1 microhen
ries, and the 0.003 microhenry residual
inductance of the bridge would now
start 10 introduce errots and have an in
creasingly gr(2ter influence on Ihe ac
curacy of the measurements as smaller
coils were used for range extension.

As a maner of background informa
tion, it might be imerescing to nOle that
a solution to this situation was ap
proached in vuious ways. For enmple,
an initial attempt was made to circum
vent the use of a coil emirely, by first
using a series apacimr in the order of
20 p.,J, measuring il borh for its capa·
citance and losses (including the jig),
and convening these values to their
series equivtJems' Dy then a.dding thl=:
acrual diode to be tested, similarly read-

grea{er, measurements can be simplified
10 {he determinacion of {he equivalent
series resiscance and equivalent
capacitance.

Basic Technique

Basially the technique used in meas
uring these vohage sensilive diode
capacitors is very similar to dat em
ployed with other circuilS requiring a
known and comrolJed amoum of bias
applied 10 {he componem under rest.
Methods of imroducing biasing poten
tials and typical measuring circuits for
the RX Meter have been discussed in
issue number 6 of the Notebook. This
article also illus{rated a method for ex
tending the capacitance range of the
RX Meter beyond the dirm-reading
range of 20 ,.,.1 available on {he in
nrumem. Actually, thffi, the RU{ter of
measuring the vol{age sensitive capaci.
tive diode merely involves {he introduc·
tion of the necessary bias 10 establish
the proper operating poinl and a know·
ledge of the method used for eXlending
rhe capacicive range of the RX Meter.
This information, when properly applied
will yield for frequencies below 20 me,
the equivalent parallel resistance and
capacitance, which can then be con
verted to the Q of the circui{.
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Q AT 50MC 

Courtesy Pacific Semiconductors, Inc. 

Figure 4. Typical family of curves for converting parallel resistance and capacirance to Q. 

u r d  in this manner were not high 
enough, and while this quarter-wave- 
length line, when coupled through a 
5 15-A adapter did eliminate the resi- 
dual inductance of the bridge, it did not 
help with the residuals that were added 
in the jig circuit at the other end of the 
cable. Some thought was also given to 
the use of a half-wave-length line but 
this was also discarded because of the 
frequency limitation and because it did 
not eliminate jig residuals. 

With the abandonment of the above 
approaches, it became apparent that an 
ideal method would be one that would 
take into account; not only the residual 
inductance in the 250-A RX Meter, but 
also the various strays and residuals pre- 
sented by the fixture or jig used with 
the diode capacitor. Figure 1 represents 
a typical circuit used for this measure- 
ment. 

Essentially the method consists of 
using a coil having the necessary in- 
ductance to transpose the balance point 
of the bridge far enough to yield the de- 
sired capacitance, and then actually cali- 
brating the C, dial using various capaci- 
tors of predetermined values to obtain 
a correction curve to be used with the 
RX Meter at a given frequency. This 

curve is shown in Figure 2. Further, by 
using various values of capacitance in 
parallel with high quality resistors, 
whose resistance has been measured 
previously directly at the terminals of 
the R X  Meter, at the calibration fre- 
quency, it is possible also to calibrate 
the R, dial of the RX Meter to include 
the jig residuals. Such a calibration curve 
is shown in Figure 3 .  Using these cali- 
bration curves at a given frequency, it 
is now possible to measure the diode 
capacitor directly in the circuit as shown, 
and having the necessary calibration 
curves, the information is conveniently 
corrected to reflect the two parameters 
of the diode under test. From this in- 
formation and using the curve shown 
as Figure 4, it is now possible to scale 
off the Q of the device. If so desired, 
the equivalent series resistance can also 
be determined from the correceed values 
of parallel capacitance and parallel re- 
sistance. 

The author wishes to express his ap- 
preciation to Pacific Semiconductors, 
Inc., Culver City, California, for the in- 
valuable help and data tendered. 

Type 240-A Series Tube 
Modification 

Frequent replacement of the bAS7G 
regulator series tube on instruments 
received for repair, together with the 
fact ‘that the plates of this tube were 
observed to glow excessively during in- 
spection and testing operations at the 
factory, led to a quality control investi- 
gation of the Type 240-A Sweep Signal 
Generator power supply circuit. Tests 
revealed that due to circuit design 
changes and a change in the 5U4G rec- 
tifier tube furnished by our supplier, 
the 6AS7G series tube was being oper- 
ated under overload conditions. To cor- 
rect this condition, an additional regu- 
lator series tube with associated dropping 
resistors, has been incorporated into the 
240-A power supply circuit. 

Though the simplest circuit modif- 
ication would be to add another bAS7G 
tube, this was not possible in the case 
of instruments already in production, 
because the power supply chassis layout 
would not permit the addition of a 
6AS7G tube. For this reason, the 6AS7G 
series tube in these instruments has 
been replaced by two smaller~608O series 
tubes. In instruments produced in the 
future, however, the layout of the power 
supply chassis will be changed to ac- 
commodate two 6AS7G series tubes. A 
schematic diagram of the modified 
circuit is shown below. Components 
changed or added are identified in 
bold print. 

U 

w 7  
BASTG 

Section of Type 240-A Power Supply Schematic 

BRC WINS GOVERNOR‘S 
SAFETY AWARD 

On June 3, Governor Robert B. 
Meyner of New Jersey presented a 
governor’s safety award to Boonton 
Radio Corporation for the remarkable 
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fig",. II. Typical lamily al <urvU la, can¥.,'ing po",".1 , ••islanu ana <apadl"nu 10 Q.

ured in this manner were nm high
enough, and while this quarter-wave
length line, when coupled through a
515-A adapter did eliminate the resi
dual inductance of the bridge, it did nOt
help with the residuals that were added
in the jig circuit at the ocher end of the
cable. Some thought was also given to
the use of a half-wave-length line but
this was also discatded because of the
frequency limitation and because it did
nOt eliminate jig residuals_

With the abandonmem of the above
approaches, it became apparem that an
ideal method would be one that would
take into accoum; nor only the residual
inductance in the 250-A RX Meter, but
also the various strays and residuals pre
sented by the fixrnte or jig used with
the diode capacitor. Figure I represents
a typical circuit used for this measure·
ment.

Essentially the method consists of
using a coil having the necessary in
ductance to transpose the balance point
of the bridge far enough to yield the de
sired capacitance, and then actually cali
brating the Cl , dial using various capaci
tOrs of predetermined values to obtain
a COHe<:rion curve to be used with the
RX Meter at a given frequency. This

curve is shown in Figure 2. Further, by
using various values of capacitance in
parallel with high quality resistors,
whose resistance has been measured
previously dire<:dy at the terminals of
the RX Meter, at the calibration fre
quency, it is possible also to calibrate
the Rp dial of the RX Meter to include
the jig residuals. Such a calibration curve
is shown in Figure 3. Using these cali
bration curves at a given frequency, it
is now possible to measure the diode
capacitOr directly in the circuit as shown,
and having the ne<:essary calibration
curves, the information is conveniently
corrected to reflect the tWO parameters
of the diode under tesc. From this in
formation and using the curve shown
as Figure 4, it is now possible to scale
off the Q of the device. If so des'red,
the equivalent series resistance can also
be determined from the correered values
of parallel capacitance and parallel re
sistance.

Th(" author wishes to express his ap·
preciation to Pacific Semiconductors,
Inc., Culver City, California, for rhe in
valuable help and data tendered.
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Type 240~A Series Tube
Modification --../

Frequem replacemcnr of Ihe (jAS7G
regulalor series tube on instrumentS
received for repair. logether Wilh the
fact that the plalCs of this rube were
observd to glow excessively during in
spection and tesling operations al the
factory, led to a quality control iO\'csti
gation of the Type 240·A Sweep Signal
Generawr power supply circuit. Tes{s
revealed that due to circuil desi,gn
changes and a change in the 5U4G rec
tifier tube furnished by our supplier.
the 6AS7G series rube was being oper
ared under ()verload conditions. To cor·
reet this condition, an additional regu
lator series tube with associaled dropping
resiswrs, has been incorporated into the
240-A power supply circuil.

Though the simplest circuit modif·
ication would be w add another (jAS7G
rube, Ihis was nOI possible in {he =
of instruments already in production,
because Ihe power supply chassis layout
would nOI permit the addition of a
6AS7G tube. For this reason, the 6AS7G
series tube in these inslruments has
been replaced by tWO smaller 6080 series
tubes. In instruments pnxluced in Ihe
future, however, the layoul of the power __
supply chassis will be changed to ac
commodale twO 6AS7G series tubes. A
schematic diagram of the modified
circuit is shown below. Components
changed or added are identified in
bold print.

Sedion of Type 211G-A Pow., Supply Sc/oemali,

BRC WINS GOVERNOR'S
SAFETY AWARD

On June 3, Governor Robert B.
Meyner of New Jersey presented a
governor's safety award to Boonton
Radio Corporation for the remarkable
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Governor Meyner Presents Governor‘s Safety A w a r d  t o  Dr. Downsbrough.  

record of accumulating more than 
1,820,000 man hours of work without 
a disabling accident. The last disabling 
accident at the plant occurred on April 
15, 1952. 

The governor’s award is the highest 
given in a plant safety program spon- 
sored by the Bureau of Engineering and 
Safety of the New Jersey Department 
of Labor and Safety. Since the ineption 
of the safety program nine years ago, 
only nine companies in the state have 
received this award. 

Presenting the award plaque to Dr. 
George A. Downsbrough, 3 R C  pres- 
ident, the governor told employees: 

“I congratulate all of you on this 
achievement. Over the course of this 
safety program, I have been accustomed 

~ 

to seeing this foremost of awards go, for 
the most part, to the giants among our 
industries. I am happy at this evidence 
that safety conciousness is by no means 
restricted to our bigger corporations.” 

Accepting the award, Dr. Downs- 
brough told the employees that the 
company was proud of this excellent 
safety record and urged that they not 
rest on their laurels but continue to be 
alert and safety conscious. On behalf 
of the employees, he presented the gov- 
ernor with an inscribed ashtray fash- 
ioned from a casting used on the Type 
202 Signal Generator. 

In a final note, the governor asked 
the employees to extend their good 
safety habits to the road and to their 
homes. 

C. W. QUINN JOINS BRC 
FIELD ENGINEERING STAFF 

Charles W. “Chuck” Quinn joined 
BRC as Sales Engineer in March of this 
year. Beginning his association with the 
company at this time afforded “Chuck” 
the opportunity to serve in the BRC 
booth at the IRE show where he was 
able to get first-hand information from 
our customers regarding their measure- 
ment problems. In more recent months, 
he has visited or otherwise been in 
touch with many of our customers along 
the east coast from the Metropolitan 
New York area south to the Metropol- 
itan Washington area. 

A native of New Jersey, “Chuck” 
served with the U.S. Navy from 1942 
until 1946. He  was graduated from 
Purdue University with a B.S. degree in 
Electrical Engineering in 1947. After 
graduation he accepted a position with 
Collins Radio Co., Cedar Rapids, Iowa 
where he was engaged in the develop- 
ment of receivers, frequency synthe- 
sizers, and fm transmitting equipment. 

From October 1951 until he became 
associated with BRC, “Chuck” held en- 
gineering posts with Measurements Cor- 
poration, Boonton, N. J. During this 
time he gained additional experience in 
the development of noise meters, vac- 
uum tube voltmeters, signal generators, 

and pulse generators. 
“Chuck’s” interests outside BRC lie 

in amateur radio (WZMMK) and pho- 
tography. His more relaxing moments 
are spent in swimming and ice skating. 

Considering his years of experience 
in the electronic measurement field, 
“Chuck” promises to be a valuable ad- 
dition to the BRC engineering family. 

r 

Charles W. Quinn 

If you are in the local area and have 
a measurement or applications problem, 
call or write “Chuck” at any time. Re- 
member too, that BRC has Engineering 
Representatives throughbut the U.S.A., 
in Canada, and overseas. A telephone 
call or letter is all that is required to 
put them at your service. 

Q Meter Canfest Winner 
The Q of the problem coil displayed 

in the BRC exhibit at the IRE Show is 
193. Winner of the Q Meter, with an 
estimate of 193, is Mr. Arno M. King 
of the Naval Research Laboratory in 
Washington, D. C. 

In a letter to our General Manager, 
Mr. King confides that his recent, al- 
most daily, use of the Q Meter prompted 
him to rule out such extreme estimates 
as 5 and 5,000 but from there on it was 
strictly a guessing game. “I have no 
secret procedures to offer,” he writes, 
“and readily concede that only a very 
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record of accumuladng more than
1,820,000 man hours of work wirhout
a disabling accident. The last disabling
accident :u the plant occurred on April
15, 1952.

The governor's award is the highest
given in a plant safety program spon
sored by the Bureau of Engineering and
Safety of the New Jersey Depanmenl
of Labor and Safely. Since the inccpt"ion
of the safety program nine years ago.
only nine companies in the snHe have
received this award.

Presenting the' award plaque to Dr.
George A. Downsbrough, BRC pres·
ident, the governor wId employees:

"I congratulate all of you on this
achievement. Over the course of this
safety program, I have been accustOmed

C. W. QUINN JOINS BRC
FIELD ENGINEERING STAFF

Charles \YJ. "Chuck" Quinn joined
BRC as Sales EngirK'er in March of this
year. Beginning his 2SSQCiation with the
company at this time afforded "Chuck"
the opportunity to serve in the BRC
booth at lhe IRE show where he was
able ro get first·hand information from
our customers regarding their measure·
ment problems. In more recent months,
he has visited or OIherwise been in
touch with many of our CUStomers along
the east coast from the Metropolitan
New York area south to the Metropol.
itan \YJashington area.

10 seeing this foremost of awards go, for
the most parr, to the giantS among our
industries. I :un happy at this evidence
that safcry coociousness is by 00 means
re:striaoo to our bigger corporations.H

Accepting the award. Dr. Downs
brough told the employees thae the
company was proud of Ihis excellent
safety record and urged that they nOl
rest on their laurels but COntinue 10 be
alert and safety conscious. On behalf
of the employees, he presented the gov
ernor with an inscribed ashtray fash
ioned from a casting used on the Type
202 Signal Generator.

In a final nOtc, the governor asked
the employees 10 extcnd theit good
safcty habits 10 the road and 10 their
homes.

A native of New Jersey, "Qluck"
served with the U.S. Navy from 1942
until 1946. He was graduated from
Purdue Universiry with a B.s. degree in
Electrical Engineering in 1947. After
graduation he accepted a position with
Collins Radio Co., Cedar Rapids, Iowa
where he was engaged in the develop
ment of receivers, frequency synthe
sizers, and fm rransmining equipment.

From October 19~1 until he became
associated with BRC, "Chuck" held en
gineering posts '9>·ith MeasurementS Cor
poration, Boonton, N. J. Ouring this
time he gained additiOnal experience in
the development of noise meters, vac
uum rube voltmeters, signal generators,
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and pulse generatOrs.
"Chuck's" interestS OUtside BRC lie

in :amateur radio (\YJ2~{MK) and ph0
tography. His more rel:u:ing momentS
:are spent in swimming and ice skating.

Considcring his years of experience
in rhe electronic measurement field,
"Chuck" promises to be a valuable ad
dition to the aRC engineering family.

Charles \YJ. Quinn

If you are in the local area and have
a measurement or applications problem,
call or write "Chuck" ae any time. Re
member roo, that BRC has Engineering
Representatives throughOUt the U.S.A.,
in Canada, and overseas. A telephone
call or letter is all that is required ro
put them at your service.

EDITOR'S NOTE

Q Meter Contest Winner
The Q of the problem coil displayed

in the BRC exhibit at the IRE Show is
193. Winner of the Q Mettt, with an
estimate of 193, is Mr. Aroo M. King
of the Naval Rc:sean:h Laboratory in
Washington, D. C.

In a letter to oor General Manager,
Mr. King confides that his recent, al
mose daily, usc: of the QMeter prompted
him to rule OUt such extreme estimates
as 5 and 5,000 but from there on it was
strictly a guessing game. "I have no
secret procedures to offer,~ he writes,
"and readily concede that only a very
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large element of luck could have placed 
me within 10% of the exact value, let 
alone the 1% tolerance which has been 
needed to win in the past." 

Anyone who viewed the coil at the 
show will bear Mr. King out on this 
point. Our engineers contrived a series 
of various size coils, connected in a 
bridge-type configuration, which all but 
defied anything but educated guessing 
as to the value of Q. Yet, out of a total 
of 1200 entries, 11 persons, besides Mr. 
King, estimated within &l% of the 
measured Q. These persons, whom we 
feel are deserving of honorable mention, 
are listed below: 

Estimate 
191 M. H. Brown, Rollan Electric Co. 

Chicago, Ill. 
192 Art Ward, Livingston Electronics 

Essex Fells, N. J. 
192.5 R. Lafferty, The Daven Co. 

Livingston, N. J. 
192.7 C. R. Miller, Sperry Gyroscope 

Great Neck, N. Y. 
193 Arno M. King, Naval Research 

Laboratory 
Washington 25, D. C. 
Seymour S. West, Western Re- 
serve University 

195 

Mr. Arno M. K ing  winner of the 
0 Meter contest. 

Cleveland, Ohio 

Laboratory 
Washington 25, D. C. 

195 Tom Crystal, 316 St. Paul St. 
Brookline, Mass. 

195 Nick Lazar, Corning Glass Works 
Bradford, Pa. 

195 S. Krevsky, USAS RDL 
Belmar, N. J. 

195 Jerry Vogel, Marine Electric Corp. 
Brooklyn, N. Y. 

195 C. E. Young, Naval Research 

ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
120 Son Pedro Drive, S. E. 

DAYTON 19, Ohio 
CROSSLEY ASSO'S., INC 

Tilephone: AMherst 8-2478 53 Pork Avenue 
rwx: A Q ~ O  Teleohone: Axminster 9-3594 

~ 

ATLANTA, Georgia 
BlVlNS B CALDWELL DENVER, Colorado 
3133 Maple Drive, N.E. 
Telephone: CEdar 3-7522 
TWX: AT 987 Englewood, Colorado 

E. A. OSSMANN B ASSOC., INC. 
1.47 Front Street 
Vertol, New York 
Telephone: ENdicott 5-0296 

GENE FRENCH COMPANY 
3395 South Bannock Street 

Telephone: Sunset 9-3551 
TWX: ENGLEWOOD, COLO. 106 BINGHAMTON, New York 

€1 PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
KEystone 2-7281 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
Intervale Rood HARTFORD, Connecticut 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 INSTRUMENT ASSOCIATES 

734 Asylum Avenue 
Telephone: CHapel 7-1 165 

HIGH POINT, North Carolina 
BOSTON, Massachusetts 

INSTRUMENT ASSOCIATES 
1315 Marrochusettr Avenue 
Arlin ton 74, Mass. 
Telepxone: Mlssion 8-2922 
TWX: ARL MASS. 253 

BlVlNS B CALDWELL 
1923 North Moan Street 
Telephone: Hlgh Point 2-6873 
TWX: HIGH POINT NC 454 

TWX: DY 306 

CHICAGO 45. Illinois 
CROSSLEY ASSO'S., INC. 
271 1 West Howard St. 
Telephqne: SHeldroke 3-8500 
TWX: CG 508 

DALLAS 9, Texas 
EARL LIPSCOMB ASSOCIATES 
P. 0. Box 7084 
Telephone: FLeetwood 7-1881 
TWX: DL 411 

195 B. Bedoian, ARMA Corp. 
Garden City, N. Y. 

The display coil was measured on a 
Type 260-A Q Meter in the BRC 
standards laboratory by our Quality 
Control Engineer. Several measurements 
were made resulting in a computed 
average Q of 193 and a computed aver- 
age capacitance of 352ppf. 

Mr. King, our winner, was born in 
Cleveland, Ohio. He attended Wash- 
burn University in Topeka, Kansas in 
1939 then transferred to Bucknell Uni- 
versity in Lewisburg, Pa., whdre he re- 
ceived a B S. degree in 1943. Following 
graduation, he was employed by the 
Naval Research Laboratory, Washing- 
ton, D. C. where he has spent all of his 
professional career working on prob- 
lems associated with tracking radar. 
Currently, he is serving as Head of the 
Terminal Equipment Section of the 
Tracking Branch, Radar Division. In 
addition to being a member of the IRE, 
he holds memberships in Tau Beta Pi, 
Pi Mu Epsilon, Sigma Pi Sigma, and the 
Scientific Research Society of America. 

Our congratulations to Mr. King and 
sincere thanks to all of our friends who 
visited with us at the show. 

HOUSTON 5,  Texas 
EARL LIPSCOMB ASSOCIATES 
P. 0. Box 6573 
3825 Richmond Avenue 
Telephone Mohawk 7-2407 
TWX: HO 967 

HUNTSVILLE, Afaboma 
BlVlNS 8 CALDWELL 
Telephone: JEfferson 2-5733 
(Direct line to Atlanta) 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASS0 5 ,  INC 
5420 North College Avenue 
Telephone CLifford 1-9255 
TWX I P  545 

LOS ANGELES, California 
VAN GROOS COMPANY 
21051 Costanso Street 
Post Office Box 425 
Woodland Hills, California 
Telephone: Dlamond 0-3131 
TWX: CANOGA PARK 7034 

ORLANDO. Florida 
BlVlNS CALDWELL 
1226 E. Colonial Drive 
Telephone: CHerry 1-1091 

BOO)t"ON R A D I O  

OTTAWA Ontario, Canada 
BAYLY ENGINEERING, LTD. 
48 Sparks Street 
Telephone: CEntral 2-9821 

PHOENIX, Arizona 
GENE FRENCH COMPANY 
8905 North 17th. Avenue 
Telephone: Wlndsor 3-2842 
TWX: Sunnyslope 134 

ROCHESTER 10, New York 
E. A. OSSMANN B ASSOC., INC 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Lor Altos Avenue 
Lor Altos, California 
Telephone: WHitecliff 8-7266 

ST. PAUL 14; Minnesota 
CROSSLEY ASSO'C., INC. 
E42 Telephone: Raymond Mldwoy Avenue 6-7881 

TWX: ST P 1181 

SYRACUSE, New York 
E. A, OSSMANN 8 ASSOC., INC. 
2363 James Street 
Telephone: HEmprteod 7-8446 
TWX: 55 355 

TORONTO, Ontorio, Canada 
BAYLY ENGINEERING, LTD. 
Hunt Street 
Ajox Ontario, Canada 
Teleihone: Ajax 118 
(Toronto) EMpire 2-3741 1 Printed in U.S.A. 
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larg~ el~m~m of luck could hav~ placed
me wilhin 10% of the exact value, let
alon~ the 1% lOlerance which has been
n«ded to win in the p3Sl."

Anyone who viewed lhe coil at th~

show will bear Mr. King OUt on Ihis
JX)im. Our engineers contrived a series
of various size coils, connected in a
bridge-type configuration, which all but
defied anything bur educaled guessing
as to th~ valu~ of Q. Y~t, OUI of II lOlal
of 1200 emries, I I persons, besides Mr.
King, estimated within ± 1% of the
measured Q. These persons, whom we
feel arc deserving of honorable mendon,
arc listed below:

EltimatB
191 M. H. Brown, Rollan Electric Co.

Chicago, lIJ.
192 An Ward, Livingston Electronics

Essex Fells. N. J.
192.5 R. Lafferty, The Daven Co.

Livingston, N. J.
192.7 C. R. Miller, Sperty Gyroscope

Great Neck, N. Y.
193 Arno M. King, Naval Resean::h

Laborawry
Washington 25, D. C.

195 Seymour S. West, Wcsfern Re·
serve University

M,. A,no M. King winn.. 0' ,,,.
0101.,., <anlto/.

Cleveland. Ohio
195 C. E. Young, Naval Research

Laboratory
WashinglOn 25. D. C.

195 Tom Crystal, 316 St. Paul St.
Brookline, Mass.

195 Nick Lazar, Corning Glass WorIcs
Bradford, Pa.

195 S. Krcvsky, USAS RDL
Belmar, N. J.

195 Jerry Vogel, Marine E1ecrricCorp.
Brooklyn, N. Y.

195 B. Ix-doian, ARMA Corp.
Garden City, N. Y.

The display coil was measured un a
Type 260·A Q M:~er in lhe ORC
slandards Iaboralory by our Quality
Conuol Engineer. Several measurements
were made rcsulting in a computed
average Q of 193 and a computed a\·er·
age Clp1lcitance of 3521'-1'-f.

Mr. King. our winner, was born in
Cleveland, Ohio. He anended Wash·
burn University in Topeka. Kansas in
1939 then transfeffed to Bucknell Uni·
versity in Lewisburg. Pa., where he re·
ceived a B, S. degree in 1943. Foll()wing
graduation, he was employed by the
Naval Rl,.'Scarch Laboratory, Washing·
lOn, D. C. where he has spent all of his
pmfcssionlll career working on prob·
lems associaled with !facking radar.
CUffently, he is serving as Head of the
Terminal Equipment Section of the
Tracking Branch. Radar Division. In
addition to being a member of the IRE,
he holds memberships in Tau Bela Pi,
Pi Mu Epsilon, Sigma Pi Sigma, and Ihe
Scientific RtsealCh Soci~y of America.

Our congratulations to Mr. King aocl
sioccre Ihanks 10 all of our friends who
visited with us at the show.
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B O O N T O N  R A D I O  C O R P O R A T I O N  B O O N T O N ,  N E W  J E R S E Y  - 
Technical Contributions of the BRC Notebook 

Discussed by Engineering Educator 
GEORGE B. HOADLEY, D. Sc. 

As the Boonton Radio Corporation 
enters a new phase of its corporate ex- 
istence, it is appropriate to pause and 
reflect - to view in retrospect the con- 
tributions of the BRC Notebook. W e  
could just leaf through our file, stopping 
to read interesting articles, but in so 
doing, we might lose some basic mes- 
sages. So we shall try to review the con- 
tributions of the Notebook as a whole, 
drawing liberally on its writings, with- 
out many quotations, yet with references 
to Notebook articles so that the curious 
reader may expand his horizon. 

One of the primary requirements for 
a quality measurement is the combina- 
tion of a fine instrument and skillful 
operator. Instrument companies try to 
achieve this combination when they sell 
an instrument, by supplying an instruc- 
tion manual. But this is usually not 
enough. Users must repeatedly be urged 
towards a full understanding of the 
instrument they are using and so the 
BRC Notebook was born to distribute* 
to users and to as many other interested 
persons as possible, information of value 
on the theory and practice of radio 
frequency testing and measurement. In 
addition, as new techniques and applica- 
tions were developed, they have been 
brought to the readers, together with 
material about new instruments. 

It is easy to connect equipment to- 
gether and get meter readings or bal- 
ances, but to be certain these really 
mean something, the experimenter must 

. 

Technical Contributions of the 
ERC Notebook .. , . .. .. ... .. .. . 

The Evolution of the ERC Q Meter . . 
Boonton Radio Corp. Merges w i th  

HewlettPackard Co. . . . . . . . . . . . 
Looking Back 25 Years w i th  ERC . . . 

7 I New Plant Soon for BRC . . . . . . . . . . E , 

Electrical Engineering Depdrtment Head 
North Carolina State College 

understand the circuit theory of his 
equipment. As an example of this, con- 
sider the measurement of radio receiver 
characteristics.2 W e  plan to use a signal 
generator to feed the radio receiver. The 
signal generator has dials and meters 
which indicate the microvolt output, but 
we know that impedances must be right 
for these readings to be correct. But 
what is “right”? W e  look into the cat- 
dog3 specifications of our signal gen- 
erator, and under the heading “RF Out- 
put Voltage” we find “the maximum 
open-circuit output voltage from the 

I L  

r------- 
I 
I 

f igure I .  Thevenin’s Theorem applied to  
signal generator use. 

To Our Many Friends: 

As we pause at the end of the first 

quarter century of our operations as de- 

signer and manufacturer of electronic test 

equipment, we would first like to  express 

our sincere thanks to our customers, our 

employees, our suppliers, and our business 

associates through whose help and coopera- 

tion we have been successful. As we look 

through our catalogs and back issues of 

The Notebook, we are pleased and proud 

of the contributions Boonton Radio has 

made to  the electronic industry. 

However, as fine as these contributions 

may be, we are nof satisfied and we are 

starting the next quarter century with a 

very firm resolve and with plans to im- 

prove Boonton Radio’s contribution to  the 

electronic industry. W e  have embarked on 

a program to  enlarge and improve our 

engineering department in order that we 

will be able to  supply all of our customers 

with an ever expanding and ever improv- 

ing line of instruments. W e  are planning to  

erect new plant facilities, which wil l  be 

equipped with the most modern and up 

to dote machinery and tools that we 

can procure. 

I can assure you that we at Boonton 

Radio ore going to give our very best 

efforts to doing a n  even better iob in the 

next 25 years ond we earnestly solicit the 

continued cooperation of our personnel, 

customers, and suppliers in reaching these 

ambitious goals. 

‘ . .  
W 

G. A. Downsbrough 
President 

FALL, 1959

MAR 7 1960

BRG's 25th Anniversary
Tile
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~. A. Downsb~9h
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Discunttd by Engineering Educator
GEORGE 8_ HOADLEY, D. Sc.
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understand the circuit theory of his
equipment. As an example of this, con
sider the measurement of radio receiver
charaaerisrics.2 \Ve plan to use a signal
generatOr to feed the radio receiver. The
signal generator has dials and meters
which indicate the microvolt OUtput, but
we know that impedances must be right
for these readings to be correct. But
wHat is "right"? We look into the ca.t
alog3 specifications of our signal gen
erator, and under the heading "RF Out·
put Voltage" we find "the maximum
open-cireuit OUtput voltage from the
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B O O N T O N  R A D I O  C O R P O R A T I O N  

T H E  BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
Corporation. I t  is mailed free of charge 
to  scientists, engineers , and other inter- 
ested persons in the communications 
and electronics fields. T h e  contents may 
be reprinted only wi th  written permis- 
sion f r o m  .the editor. Your comments 
a n d  s u g g e s t i o n s  a r e  w e l c o m e ,  a n d  
should be addressed to: Editor, T H E  
B R C  N O T E B O O K ,  B o o n t o n  R a d i o  
Corporation, Boonton, N .  I .  

BNC type RF output jack at the front 
panel is about 0.4 volt. With the stand- 
ard output cable attached, the maximum 
calibrated output voltage at the cable 
terminals is 0.2 volt. When the RF 
monitor meter is set to the red calibra- 
tion line and the standard output cable 
is attached, the RF output attenuator 
is direct reading in microvolts and con- 
tinuously adjustable from 0.1 microvolt 
to 0.2 volt.” Under the heading “RF 
Output Impedances” we find “the RF 
output impedance of the signal gen- 
erator as seen looking in at the BNC 
type front panel connector is 50 ohms 
resistive. With the standard output 
cable attached, the RF output imped- 
ance as seen looking in at the output 
cable terminals is 25 ohms resistive.” 

Now if we know our circuit theory, 
this is all very clear, and is very logical. 
But if our knowledge of circuit theory 
is a knowledge of words rather than an 
understanding of ideas, we must do 
some studying, particularly of Thev- 
enin’s theorem and transmission line 
theory. Thevenin’s theorem states that 
a two-terminal network can be replaced 
by an emf in series with an impedance. 
Thus in Fig. 1 ( a ) ,  the emf 2E and the 
50-ohm resistor inside the dotted rec- 
tangle represent a signal generator, as 
seen at the output jack. In this diagram, 
a resistor of value 50 ohms has been 
connected across the output jack, and a 
very high impedance voltmeter is shown 
measuring a voltage E, which is just 
half of the Thevenin emf of the signal 
generator because the two 50-ohm re- 
sistors form a 2 :  1 voltage divider. The 
impedance at the terminals, as seen by 
the voltmeter is 25 ohms, which is the 
value of the two resistances in parallel, 
as shown in Fig. l ( b ) .  Consequently, 
when the signal generator and the 50- 
ohm load are considered as a unit, the 
Thevenin circuit at the terminals is as 
shown in Fig. 1 ( c ) .  It is an emf E in 
series with a 25-ohm resistance. The 
open-circuit voltage is this emf, and is 

equal to the reading on the signal gen- 
erator dials. 

Sometimes we use a length of ‘coaxial 
cable to connect the signal generator to 
the receiver under test. The heart of the 
problem is that this length of cable can 
appr,oach and exceed 1/4 wavelength, 
and consequently has voltage and im- 
pedance transforming properties which 
might nullify the calibration of the 
signal generator. To  avoid this, we use 
a cable with a characteristic impedance 
equal to the impedance looking back 
into the output jack of the signal gen- 
erator, and then we load this cable with 
a resistor of this same value. The circuit 
is as shown in Fig. l ( d ) .  When the 
cable is terminated in 50 ohms (the 
value of 550) the input to the cable seen 
by the signal generator is 50 ohms so as 
far as the signal generator is concerned, 
the situation is just like that in Fig. 
1 ( a ) ,  and the voltage input to the cable 
is E. If the cable is lossless, the voltage 
at the SO-ohm load is also E. This is the 
emf of the equivalent Thevenin circuit 
of the whole combination viewed from 
the terminated end of the cable. This 
voltage is equal to the reading of the 
signal generator dials, as the specifica- 
tion stated. The impedance of the Thev- 

enin circuit is 25 ohms, just as the spec- 
ifications stated, because from the term- 
inals we see 50 ohms in parallel with 
the cable, which in itself looks like 50 
ohms as it is a 50-ohm cable terminated 
at the signal generator end with the 50- 
ohm Thevenin impedance of the signal 
generator itself. 

To truly test a receiver, the receiver 
must be fed from an emf of a known 
number of microvolts in series with an 
impedance equal to the impedance of 
the antenna to be used with the receiver. 
The  signal generator supplies the 
known emf and resistance. If this re- 
sistance is different from the antenna 
impedance, an extra series impedance, 
often called a dummy antenna, must be 
used. 

“To appreciate the logic leading to 
this choice let us consider the source of 
energy from which the combined system 
of the antenna and receiver is driven. 
Electromagnetic energy flowing in free 
space encounters a conductor and ex- 
cites in it a voltage which acts in series 
with the antenna radiation resistance. 
Like the open-circuit electromotiveforce 
of a battery this voltage is available to 
us only in series with the internal im- 
pedance of the power source itself. The 

TABLE I 

Sweep 
Method 

Mechanical 
Devices 

Reactance 
Tube 

Saturable 
Reactor 

Klystron 
Beat 

Method 

Ferroelectric 
Capacitor 

Advantages 

High Q at all frequencies. 

High output possible (with- 
out buffer s t a g e ) .  

Workable over wide range of 
output frequencies. 

Wide sweep range. 

Good stability and accuracy. 

Non-microphonic. 

Linear sweep. 

Wide sweep range. 

Good stability and accuracy. 

Non-microphonic. 

Linear sweep. 

Wide sweep range. 

Workable over wide range of 
output frequencies. 

Linear sweep. 

Non-microphonic. 

Non-microphonic. 

Linear sweep. 

Disadvantages 

Microphonism causing 
frequency jitter. 

Non-linear sweep. 

Mechanical maintenance 
problems. 

Limited to narrow sweep at 
low frequencies. 

Low Q a t  high frequencies. 

Susceptable to AC magnetic 
fields. 

Hysteresis effects. 

Frequency jitter. 

Low output. 

Poor accuracy at low freqs. 

Excessive temperature Coeff. 

Low Q. 

Hysteresis effects. 

Figure 2. Advantages and disadvantages of various means for frequency sweeping. 
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BNC type RF ourput jack at the from
panel is about 0.4 volt. \'('ith the stand
ard output cable attaChed, the maximum
calibrat~ OutpUt voltage at the cable
terminals is 0.2 voir. \'\fhen the RF
monitOr meter is set to the red calibra·
cion line and the standard omput cable
is attached, the RF output artenuawr
is direcc teading in microvolts and con
tinuously adjustable from 0.1 microvolt
to 0.2 volt." Under the heading "RF
OUtpUt Impedances" we find "the RF
OUtput impedance of the signal gen
erator as seen looking in at the BNC
type front panel conneHor is 50 ohms
resistive. With the standard OUtpUt
cable attached, the RF outpm imped·
ance as seen looking in at the OUtpUt
cable terminals is 25 ohms resistive."

Now if we know our circuit theoty,
this is all very clear, and is very logical.
Bur if our knowledge of circuit theory
is a knowledge of words rather than an
understanding of ideas, we must do
some studying, particularly of TIleV
enin's theorem and transmission line
theory. Thevenin's theorem states that
a tWo-terminal network can be replaced
by an emf in series with an impedance.
lbus in Fig. I (a), the emf 2E and the
SO'ohm resistor inside the dotted rec'
tangle represent a signal generatOr, as
seen at the output jack. In this diagram,
a resistor of value 50 ohms has been
connected across the OUtpUt jack, and a
very high impedance voltmeter is shown
measuring a voltage E, which is JUSt
half of the Thevenin emf of the signal
generator because the tWO 50-ohm reo
sistors form a 2: I voltage divider. TIle
impedance at the terminals, as seen by
the voltmeter is 25 ohms, which is the
value of the rwo resistances ill parallel,
as shown in Fig. l(b). Consequently,
when the signal generatOr and the 50·
ohm load are considered as a unit, the
1l1evenin circuit at the terminals is as
shown in Fig. l(c). It is an emf E in
series with a 25-ohm resistance. The
npell-circuit voltage is this emf, and is

equal to the reading on the signal gen
eraror dials.

Sometimes we use a length of coaxial
cable to connect the signal generaror to

the receiver under test. The hean of the
problem is that this length of cable can
appr.oach and exceed Y-t wavelength,
and consequently has voltage and im·
pedance transforming properties which
might nullify the calibration of the
signal generator. To avoid this, we use
a cable with a characteristic impedance
equal to the impedance looking back
into the output jack of the signal gen
erator, and then we load this cable with
a resistor of this same value. TIle circuit
is as shown in Fig. 1(d). When the
cable is terminated in SO ohms (rhe
value of ~,) the inpm to the cable seen
by rhe signal gene.raror is 50 ohms so as
far as the signal gen{'rator is concerned,
the situation is JUSt like that in Fig.
1(a), and the voltage input to the cable
is E. If the cable is lossless, the voltage
at the SO-ohm load is also E. This is the
emf of the equivalent TIlevenin circuit
of the whole combination viewed from
the terminated end of the cable. lbis
voltage is equal to rhe reading of the
signal generator dials, as the specifica
tion Stated. The impedance of the Thev·

enin circuit is 25 ohms, just as the spec·
ifications stared, be<:ause from the term
inals we see 50 ohms in parallel with
the cable, which in itself looks like SO
ohms as it is a SO-ohm cable terminated
at the signal generator end with the 50
ohm Thevenin impedance of the signal
generator itself.

To truly test a receiver, the receiver
must be fed from an emf of a known
number of microvolts in series with :In
impedancc equal to the impedance of
the :Imenna to be used with the receiver.
The signal generator supplies the
known emf and resistance. If this re
sistance is different from the antenna
impedance, all extra series impedance,
often called a dummy antenna, must be
used.

·To appreciate the logic leading to
this choice let us consider the source of
energy from which the combined system
of the antenna and receiver is driven.
Electromagnetic cnergy flowing in free
space enCounters a conductor and ex·
cites in it a voltage which aCtS in series
with the antenna radiation resistance.
Like the open-circuit elcctromotiveforce
of a battery this voltage is available to
us only in series with rhe internal im
pedance of the power source itself. The
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T H E  N O T E B O O K  

variation of this impedance with fre- - quency may require a series-parallel 
combination of R, L, and C in the 
dummy antenna. Part or all of it may 
be contained in the signal generator 
output impedance.”2 

So far, we have treated the signal 
generator in terms of its equivalent 
Thevenin circuit, without much regard 
for the design of the equipment itself. 
From the user’s point of view, this is 
wonderful if he can be sure of it! Just 
how Boonton Radio Corporation goes 
about making an instrument of which 
the user can be sure is an education 
in itself. 

First there is electrical design. Take 
the matter of choosing a method of 
generating broad-band frequency devia- 
tions. All the known methods are 
studied and their advantages and dis- 
advantages are determined and listed, as 
in Fig. 2. Then a method is chosen from 
this listing. For the type 240-A, the 
saturable reactor was selected.* 

Then there is mechanical design, 
ofte‘n overlooked by one steeped in cir- 
cuitry. “From the moment the mechan- 
ical design of an instrument begins, a 
myriad of other considerations arise to 
confront what might otherwise seem a 
straightforward piece of electronic e- - quipment. The mechanical designer 
must consider the electronic require- 
ments of the development and project 
engineers, the functional and saleable 
appearance, weight and price insisted 
upon by Sales, and the mechanical ur- 
gencies of simple, rigid designs and 
drives using the proper materials. In 
addition the Shop must be allowed 
reasonable tolerances within the limit- 
ations of available processes and equip- 
ment, Assembly should have units 
adapted to smooth work flow, and In- 
spection (and the user!) needs easy 
accessible adjustments. Among many 
other factors are Purchasing’s and Ac- 
counting’s hopes that standard parts will 
be used, and Shipping’s plea for enough 
unobstructed cabinet area to allow 
proper bracing in the packaging.”s 

The solution of an electro-mechanical 
design problem is shown in Fig. 3 This 
is the internal resonating capacitor 
which is “the heart of the Q Meter, and 
is an excellent example of the interde- 
pendence of mechanical and electrical 
design. Taking the 190-A Q unit as an 
example, the electronic requirements 
are low minimum capacitance, together 
with low and constant values of induct- - ance and resistance all of which are 

I I ROTOR CONTACT f INGERS 

7 STATOR MOUNTING RODS 

ONE PIECE STATOR 
I2 MILLED PLATES 
CERAMIC STATOR MOUNT 

13 ROTOR PLATES 1 
SERRATED) 

(2 END PLATES 

SLOT F 
ROTOR 

ROTOR 

PRE-LOADED 
PRECISION BALL 

ALUMINUM CASTING 

ANTI GEAR - BACKLA TRAIN 

COUNTER DIAL 

PRE-LOADED 
PRECISION BALL 

ALUMINUM CASTING 

ROTOR CONTAC 

ROTOR BLADES 

SOLID STATOR 

S ATOR SUPPORT 

ANTI GEAR - BACKLASH TRAIN 

COUNTER DIAL 

\-VERNIER DIAL 

SH 

Figure 3. The 190-A capacitor solves the problem of rigidity, low capacitance, 
and constant inductance. 

difficult to attain in conventional de- 
signs. Mechanically the design must be 
extremely rigid to assure constant and 
accurate re-setability. The massive struc- 
ture ordinarily needed to attain the last- 
named end is in direct opposition to the 
minimum capacity requirement. 

“The stator is mounted by means of 
two rods soldered into the metallized 
slots of a high quality ceramic support. 
Insofar as possible it floats in air di- 
electric. In addition, the rotor travel is 
restricted to less than 180°, with the in- 
cluded angle of the stator reduced by a 
proportionate amount to result in the 
largest possible angular gap between 
the two at the minimum setting. By 
these means the capacity at minimum 
was limited to the lowest value compat- 
ible with sufficient mechanical strength. 

“Low and constant inductance be- 
tween the stator plates is achieved by 
milling out a solid bar to leave only the 
outer shell and the plates, solidly con- 
nected with each other along their en- 
tire peripheries. A secondary result of 
this method is the ‘built-in’ shielding the 
shell provides from extraneous fields. 

“The tandem edge wipers, contacting 

Figure 4. Schematic diagram of the RF 
attenuator and voltmeter in the Type 245. 

all the rotor blades in parallel, serve to 
reduce the associated inductance and 
resistance to a very low and nearly con- 
stant value and are rhodium plated to 
provide good wearing qualities. 

“Where other considerations do not 
enter, rigidity is attained in the com- 
plete unit by mounting all the parts on 
a rigid cast frame. All shafts are carried 
on preloaded ball  bearing^."^ 

Another electro-mechanical design is 
the attenuator system in the Type 245 
RF voltage standard. As shown in Figs. 
4 and 5, a disc resistor of very low 
value, 0.0024 ohm, is mounted acorss 
a tube, and two 50-ohm resistors are 
mounted as central conductors of a co- 
axial cable, one on each side of the disc. 
Study6~7>* of the circuit theory involved 
is again based largely on Thevenin’s 
theorem, but the physical arrangement 
is what assures us that no leakage volt- 
age gets into the output system. 

In addition to this attenuator, the 
Type 245 voltage standard or Signal 
Generator Calibrator contains a transis- 
torized diode voltmeter calibrated at 
0.025, 0.05 and 0.1 volt, rf. This volt- 
meter is connected across the input of 
the attenuator, where the impedance is 
essentially 50 ohms, regardless of the 
output termination because the attenu- 
ation of the unit is so high (2500:l  
for type 245-C or 25,OOO:l for type 
245-D) that the reflection of the out- 
put back into the input is negligible. 
Consequently, this unit can be used to 
check the output of a signal generator 
into a 50-ohm load at the three voltages 
mentioned above. It can also be used to 
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all the rOlor blades in parallel, serve ro
reduce the associated inducn.ncc and
resistance to a very low and nearly con·
mOl value and are rhodium plated to
provide good wearing qualities.

"Where other considerations do nOl
emer, rigidiry is attained in the com
plete unit by mounting all the partS on
a rigid cast frame. All shafts arc carried
on pteloaded ball bearings."}

Another electro-mechanical design is
the attenuaror system in the Type 245
R.F voltage standard. As shown in Figs.
4 and :5, a disc resistor of very low
value, 0.0024 ohm, is mounted acorss
a tube, and tWO 50-ohm resistors are
mounted as ceorral conduCtOtS of a c0

axial cable, one on each side of the disc,
Study6,7,B of the circuit theory involved
is again based largely on Thevenin's
theorem, but the physical arrangement
is what assures us that no leakage volt
age gets into the output syStem.

In addition to this attenuator, the
Type 245 voltage standard or Signal
Generator Calibrator contains a transis
torized diode voltmeter calibrated at
0.02:5,0.0:5 and 0.1 volt, rf. This volt
meter is connecred across the input of
the attenualOr, where the impedance is
essentially SO ohms, regardless of the
OUtput termination because the attenu
ation of the unit is so high (2:500: I
for IfPC 24:5-C or 25,000: 1 for rype
24:5-0) that the renecrion of the OUt
pUt bad: imo the input is negligible.
Consequently, this unit can be used (0

check the OUtput of a signal generator
imo a :50-ohm load at the three voltages
mention~ above. It can also be used to

"'00 "'" L.OCU_
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diHicult ro artain in conventional de
signs. Mechanically the design must be
extremely rigid to assur~ constant and
aCCUIate re-serabiliry. The massive Struc
ture ordinarily needed 10 attain the last
named end is in direcr opposition to the
minimum capacity r~uirement.

"TIle statOr is mounted by means of
tWO rods soldered imo the metll.lIized
slOtS of a high quality ceramic support,
Insofar as possible it floocs in air di·
electric. in addition, the fOIor travel is
restricted to less than ISOo, with the in·
c1uded angle of Ihe stator reduced by a
proponionate amount to result in the
largest possible angular gap be[w~n

the tWO at the minimum sctting, By
these means the capacity at minimum
was limited to the lowest value compat·
ible with sufficiem mechanical S[lenglh.

"Low and constanr inductance be
tween the stator plates is achieved by
milling OUl a solid bat 10 leave only the
outer shell and the plates, solidly con
nected with each mher along their en
tire peripheries. A secondary result of
this method is the 'buile-in' shielding the
shell provides from eXtraneous fields,

'The mndem edge wipers, contacting

1.3 ROTOIl .......TlS
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ottellualOl and "ehmen, m the Type 245.

variation of this impedance with fre
quency may require a series-paralld
combination of R, 1., and C in the
dummy antenna. Part or all of it may
be conmined in Ihe signal generator
OUtput impedance."2

So far, we have rrealed the signal
generalOr in temu of ics equivalem
Thevenin drcuil, without much regard
for the design of the equipment itself.
From the user's poim of view, this is
wonderful if he can be sure of it! Ju.st:
how Boomon Radio Corporation goes
about making an iflSfrumem of which
the user can be sure is an education
in itself,

First there is electrical design. Take
the maner of choosing a method of
generating broad·band frequency devia
tions. All the known methods are
studied lind their advantages and dis·
advantages are determined and listed, as
in Fig. 2. 1ben a melhoc:! is chosen from
this listing. For the IfPc 240-A, the
sarurable reactOr was selected.4

Then there is mechanical design,
ofu£n overlooked by one St~ped in cir
cuitry. "From the momem lhe mechan
ical design of an instl\nnent begins, a
myriad of orher considerations arise 10

confront what might <xherwise seem II

straightfolWard piece of decuonic e
quipment. The mechanical designer
must consider the electronic require
mencs of the devdopmem and projecr
engineers, the functional and saleable
appearance, weight and price insisted
upon by Sales, and the mechanical ur·
gencies of simple, rigid designs and
drives using the proper materials. In
addition the Shop must be allowed
reasonable tolerances within the limit·
ations of available processes and equip
ment, Assembly should have units
adapted to smooth work flow, and In
spection (and the user!) needs easy
accessible adjusunems. Among many
other facmrs are Purchasing's and Ac
couming's hopes that Standard pan.s will
be used, and Shipping's plea for enough
unobsttucted cabinel area 10 allow
proper bracing in the packaging,'"

The solution of an electro-mechanical
design problem is shown in Fig. 3 This
is the int~rnal resonating capacitor
which is "th~ hean of th~ Q Meier, and
is an C'Xcell~nt ~xample of the interde
pendence of mechanical and electrical
design. Taking t~ 190-A Q unit as an
e:umple, the elecrronic requirements
are low minimum capacitllIJCe, together
with low and COt\StaOl values of indue
ance and resisa.nce all of which are
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Figure 5. Cutaway view of the actual attenuator in the Type 245. 

provide a standard low-level signal in 
the microvolt range by using the output 
of the attenuator when the input volt- 
age is on one of the calibration marks. 
In addition, the input voltmeter is 
equipped with a demodulating system 
so it can be used to measure the percent 
amplitude modulation. 

A good understanding of the nature 
and theory of the quantity to be meas- 
ured is most important in the making 
of good measurements. In recent years, 
measurements of the sensitivity of noise- 
limited receivers has attracted consider- 
able attention, and a body of knowledge 
and experimental techniques have grown 
up.9 In order to make adequate measure- 
ments, one must understand the statisti- 
cal nature of the noise. For example, a 
knowledge of the ratio of noise peaks 
to noise rms value is important so that 
the equipment can be operated with 
these peaks still in the linear region of 
the receiver. Without this information, 
completely incorrect results are possible. 
Moreover, results obtained by one type 
of measurement, while correct in them- 
selves, may not be of much value in a 
situation not well simulated by the 
measurement. A thorough understand- 
ing of the theoretical basis of the meas- 
urement and the use to which the re- 
sults are to be put is of highest im- 
portance. 

This idea that the experimenter should 
uhderstand has been a keynote in many 
of the theoretical Notebook articles. 
One “blind spot” of many engineers 
was tackled in the beginning with a 
study of the many faces of Q.10 This 
quantity may be defined basically as the 

ratio of the total energy stored in a 
resonant circuit to the average energy 
dissipated in the circuit per radian. Such 
a definition implies that the circuit is in 
resonance, for if it were not, the stored 
energy would not be constant. This 
means that the net reactance of the cir- 
cuit is zero, and yet many engineers will 
define Q as X/R. Such a definition can 
be derived from the basic one only with 
three assumptions. These are ( 1) that 
the circuit is a series circuit; ( 2 )  that 
the X is either the inductive reactance 
or the capacitive reactance, but not the 
total; and ( 3 )  that the capacitance is 
lossless unless its losses are included in 
the R. 

The theory of the Q Meter has been 
described in many places.1° The circuit 
(Fig. 6a) is a series RLC circuit coupled 
to a source of radio frequency current 
by means of a very small resistance r 
(0.02 ohms in the type 260-A), with 
a high-impedance vacuum-tube voltmeter 
connected across the adjustable air cap- 
acitor. The inductance is in the coil to 
be measured. With the frequency and 
current values held constant, the cap- 
acitor setting is changed until the volt- 
meter indicates the resonant rise. The 
maximum voltage is J 1 + Q 2  times 
the voltage obtained by multiplying the 
coupling resistance by the input cur- 
rent. Consequently, with a known value 
of current, the voltmeter can be cali- 
brated in terms of Q, and of course if 
Q is large, the voltage is proportional 
to Q. 

Curiously enough, the mathematical 
treatment of the Q Meter circuit is 
most easily handled by converting it to 

the equivalent parallel circuit shown in 
Fig. 6 ( b ) .  This is done by applying 
Norton’s theorem, which is the dual of 
Thevenin’s theorem. The results are: 

- 
R A,. 

R2+w2L2 R+jwL 
( 2 ,  G=-- Ai = ~ 

-jwL IBI wL 

Q = G = R  jB = 
R2+w2L2 

In this, AI is a current source, giving 
the same current regardless of the load. 

If we vary the capacitance in the cir- 
cuit, maximum voltage across the cap- 
acitor occurs when the net susceptance 
is zero. Thus the value of the maximum 
voltage across the capacitor, is given by 
dividing the magnitude of AI by GL. 
When we do this, we get 

V, (Max. Magnitude) = A, J 1 + Q 2  
( 3 )  

I 

SOURCE 

I 

I 

Figure 6. The circuit of the 0 Meter and a n  
equivalent parallel circuit for analysis. 
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In this, Al is a CUrrent source, giving
the same current regardless of the load.

If we vary rhe capacitance in the cir
cuit, maximum voltage across the cap
acitor occurs when the net susceptance
is zero. Thus the value of the maximum
voltage across rhe capacitor, is given by
dividing the magnitude of .AI by G ...
When we do this, we get

(b)

the 1uivalem parallel circuit shown in
Fig. (b). This is done by applying ~

Nonoo's theorl"ffi, which is the dual of
Thevenin's theorem. The resulrs are:

R A,
G =---- A l =--- (2)

R2+wtL' R+jwL

-jwl IBI wL
jB Q

Rt+wtL2 G R

(.J

fig.... 6. rlt. <1",..;, of ,It. Q ....., •• 0"'" 0"
~ ..;"al..., po,all.' d",..it 'a' a ..../y....

v~ (M:ut. Magnitude) = A. / J + Q2
(3)
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ratio of the total energy Stored in a
resonant circuit to the ayenge energy
dissipated in the circuit per radian. Such
a definitioo implies that the circuit is in
rCSOllaD(:e, for if it were nOl;, (he Slored
energy would nOl; be constant. This
means that the fK't reaCtance of the cir
cuit is zero, and yet many engillC'efS will
define Q 1$ X/R. Such a definidon can
be derived (rom the basic one ooly with
three assumptions. These are (I) thar
the circuit is 11. series circuir; (2) that
the X is either the inductive reaCtance
or the capacitive reaCtance, but not the
rocal; and (3) that the capacitance is
lossless unless its losses are included in
the R.

The rhcory of the Q Meter hilS been
described in many places. Hl The circuit
(Fig. 00) isa series RLe circuil coupled
to a source of radio frequency current
by means of a very small resistance ,
(0.02 ohms in the type 26O-.A), with
11. high-impedance vacuum-rube yolrmerer
connected across rhe adjustable air cap
acitor. The induCtance is in the coil to
be measured. With the frequency and
currem values held consranr, the cap
acitor setting is changed unri! rhe volt
meter indicates the resonam rise. The
muimum "olrage is .; J + Q2 rimes
[he voltage obtained by mulriplying the
coupling resisrance by the input CUf
rem_ Coost:qul!luly, with a known value
of CUfrCOt, the voltmeter can be cali·
brated in terms of Q, and of COUfSl" if
Q is large, the voltage is proportional
to Q.

Cwiously enough, the mathematical
lreatment of the Q Meter circuit is
most easily handled by converting ir to
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provide a standard low-level signal in
the microvolt range by using the OUtput
of the attenUatOr when the input yolt
age is On one of the calibration marks.
In addition, the input Yoltmeter is
equipped with a demoduLuing system
10 it can be used rO measure the percent
amplitude modulation.

A good understanding of the narure
and theory of the quantity to be meas'
ured is mosr important in the making
of gex>d measurements. In recent yean,
measurements of the sensitivity of noise
limited receivers h1$ artraeted consider
able attemion, and a body of knowledge
and experimental techniques have grown
up.9 In order to make adequate measure
ments, one must understand the statisti·
cal nature of the noise. For example, a
knowledge of the ratio of noise peaks
to noise rms value is important so that
the equipment can be operared with
these peaks still in the linear region of
the receiver. Without this information,
completely incorrect results are possible.
Moreover, results obtained by one type
of measurement, while correct in them
selYes, may 001: be o( much value in a
situation not: well simulated by the
measurement. A thorough understand·
ing of the theoreticaJ basis of the meas·
urement and the use to which tbe re
sults are to be put is of highest im
ponance.

This idea that the experimenter should
understand has been a keynote in many
of the theoretical Notebook articles.
One "blind spot" of many engineers
W1$ tackled in the beginning with a
study of the many (aces of Q.l0 This
quanti£)' may be defined basically as the
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which is exactly what was obtained in 
the series circuit analysis. 

The relative ease with which we ob- 
tained results by using the circuit of 
Fig. 6 ( b )  leads us to explore the paral- 
lel circuit ideas further.ll Suppose we 
consider the coil, which should be of 
high Q, as a “work coil”. W e  adjust the 
Q Meter and record our readings as 
Qo and Co. Using the above ideas we get 

Go = wCO/Qo and Bo = --wCo. (4) 

Notice that these include all losses and 
energy storage in the system, including 
the vacuum-tube voltmeter! 

=-J 

Now place an unknown in parallel 
with the dapacitance, readjust the Q 
Meter and record the readings as Q1 
and C1. Again we calculate 

G1 = wC1/Q1 and B1 = -WCI ( 5  

But G1, the new conductance is 
simply the sum of Go and the conduct- 
ance Gx of the unknown. Also, B1 is 
the sum of Bo and the susceptance B, 
of the unknown. So we can write 

B, I= B1- Bo = w (Co - CI). ( 7 )  

From these we can get the equivalent 
parallel resistance and reactance of the 
unknown as simple reciprocals, thus 

1 -1 
Rpx = - and Xp, = - . ( 8 )  

G, Bx 

If we want the equivalent series resist- 
ance and reactance we write 

and ( 9 )  

The whole ideal2 that an unknown 
impedance or admittance can be looked 
on as either an Rs and Xs in series or 
as an R, and X, in parallel may be new 
to some readers. Actually no coil is 
really a series connection or a parallel 

connection, but is a combination of 
both, with some capacitance thrown in 
for good measure.l3 The source of the 
series resistance is the wire of which 
the coil is wound and the sources of 
the parallel resistance are eddy currents 
in shields, core loss in magnetic mate- 
rials, and dielectric loss in insulating 
materials (which is the easiest to re- 
duce to the vanishing point). The 
parallel resistance in an actual coil be- 
comes predominant if the frequency is 
carried high enough, so the Q of every 
coil will reach a maximum at some fre- 
quency, (where series and parallel losses 
are equal), and will decrease as the 
frequency is raised above this value. 
At any single frequency, however, we 
can consider the loss as being all in 
series resistance or as being all in shunt 
resistance. W e  cannot properly divide 
the loss between the two unless we 
know the behavior of the coil as a 
function of frequency. 

Parallel equivalences are particularly 
valuable in many bridge circuits and 
circuits derived therefrom. One reason 
is that stray capacitances are most easily 
treated by such means. Another is that 
certain circuits just naturally give ad- 
mittances rather than impedances. Con- 
sider the general impedance bridge in 
Fig. 7 ( a ) .  The balance equation is 

551 553 = zz 554. 

i f  we solve for 1/Z4, we get 

If we use 551 and Z 3  as fixed compo- 
nents, the values of the components of 
Y4, which are G4 and B4, can be found 
in terms of the series components of 
Z2.  If we apply this idea to the Schering 
bridge circuit of Fig. 7 ( b ) ,  we have 

Gq + jB4 = - 

If B4 is a capacitance, then we have 

The RX Meter uses a modification 
of this circuit with a special balanced 
transformer so that the two sides of the 

bridge can be supplied with equal volt- 
ages 180 degrees out of phase with each 
other, as is shown in Fig. 8. The re- 
sultl* of this is that the detector can be 
operated with one side grounded and 
with the other side coupled to the usual 
bridge detector points by a pair of small 
capacitors. The balance equations are 
identical with those for the bridge. 

This circuit can be used in a manner 
similar to the way we used the Q Meter 
for parallel measurements. W e  balance 
the circuit with nothing connected 

Figure 7.  The basic impedance bridge circuif 
and fhe Schering bridge circuif. 

across the “Test” terminals. Then we 
read th evalues of C:! and C4. Let us 
call these Cz0 and c40 .  W e  have balance 
equations as follows 

RL 

R3 
and B4 = oC40 = w C ~  -. ( 1 4 )  

Now we connect an unknown ad- 
mittance G, + jBx in parallel with the 
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(14 )
R,

C,
G~o=--

RaC~OI

wC4\1 = wCIB,

across che 'Test" terminals. Then we
read th (values of C~ and (4. Let us
call these Cc'() and C~O. We have balance
equations as follows

Now we conne<:t an unknown ad
mittance Gx + jB~ in parallel with the

This circuit am be used in a manner
similar to the way we used [he Q Meter
for parallel measurements. We balance
the circuit with n@thing conneae<1

bridge can be supplied with equal vole
ages 180 degrees OUt of phase wieh each
other, as is shown in Fig. 8. The re
sult l4 of this is that {he detector can be
operated with one side grounded and
with the other side coupled to the usual
bridge deteCtor points by a pair of small
capacitors. The balance equations arc
idenric:d with those for rhe bridge.

(h)

"g«'. 7. TIt. ba.i. impedan.e b,idge <i,.«if
and the S.he,inS' bridge .h.«it.

(13)

( II )

( to)

Y,

C,
G~ = -- and C~

R3C~

If we solve for l;:~;~, we get

If B~ is a capacitance, then we have

The RX Meter uses a modification
of this circuic with a special balanced
transformer SO rhac the cwo sides of the

If we use 2, and 2 a as fixed compo
nents, the values of the components of
Y4, which are G." and B~, can be found
in terms of the series components of
2 2. If we apply this idea to the Schering
bridge circuit of Fig. 7 (b), we have

Parallel equivalences are panicularly
valuable in many bridge circuits and
circuits derived therefrom. One reason
is that seray capacirances are most easily
[[eaced by such means. Another is thar
certain circuits jusl naturally give ad·
mictances rather [han impedances. Con·
sider the general impedance bridge in
Fig. 7 (a). The balance equation is

connection, but is a combination of
both, with some cafacitance thrown in
for good measure.' The source of the
series resistance is rhe wire of which
rhe coil is wound and the sources of
the parallel resistance are eddy currents
in shields, core loss in magnetic mare
rials. and dielectric loss in insulating
marerials (which is the easiest to te
duce to the vanishing poinr). The
parallel resistance in an actual coil be
comes predominant if rhe frequency is
carried high enough, so the Q of every
coil will reach a maximum at some fre
quency, (where series and parallel losses
are equal). and will decrease as the
frequency is raised above this value.
At any single frequency, however, we
can consider the loss as being all in
series resistance or as being all in shunt
resistance. We cannot properly divide
Ihe loss between the tWO unless we
know the behavior of [he coil as a
function of frequency.

(8)
B,

-1
and XI,x

G,

If we wam the equivalent. series resist
ance and reactance we W[lte

(
C' Co)

G~ = G, - Go = w - ~ - (6)
Q, Qo

,nd

(9)

Bur G i , rhe ncw conductance is
simply the sum of Go and the conduct·
ance G~ of rhe unknown. Also, BI is
the sum of Bo and rhe susceptance B~

of the unknown. So we can wrirc

B~=B,-~=w(Co-C,). (7)

Now place an unknown in parallel
with [he Capacirance, readjust the Q
Merer and record rhe readings as Ql
and CI • Again we calculare

From rhese we can get rhe equivalent
parallel resistance and reactance of the
unknown as simple reciprocals, thus

NOtice rhar chese include all losses and
energy storage in rhe system, including
the vacuum-rubc voltmeter!

G(l = W4/Qo and Bo = -wco. (4)

The whole idea12 that an unknown
impedance or admittance can be looked
on as either an Rs and Xs in series or
as an Rp and XI' in parallel may be new
to some readers. ACTUally no coil is
really a series connection or a parallel

which is exactly what was obtained in
the sCties circuit analysis.

The relative ease with which we ob·
tained results by using the circuir of
Fig. 6(b) leads us to explore the paral
lel circuit ideas funher. 11 Suppose we
consider the coil, which should be of
high Q, as a "work coil". We adjusr rhe
Q Merer and re<:ord our readings as
Q(l and 4. Using rhe above ideas we get
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elements already in arm 4, and we re- 
balance the circuit. The new readings 
of Cz and C4 we will call Czl and c41. 
This time the balance equations become 

Gq1 z ~ (15)  

and Bq = 0C41 + B, = o C I R ~ / R ~  
(16) 

The first of these is a new one, but the 
second simply indicates that the total 
B in arm 4 is still the same. Drawing 
on this fact, we can write 

c1 
R&21 

Bx z w(c40-c41). (17)  

Since the value G41 is the sum of 
GqO and G,, we can write 

Cl / I  11 

The value of G, is determined by the 
values of C2 from two balances and the 
values of C1 and RB. If these latter terms 
are known, the values of Czo can be 
marked as zero G and the scale of C2 
can be calibrated in mhos of conduct- 
ance. Alternately, the scale of C2 can be 
calibrated in terms of parallel resistance 
in ohms. Then the zero point of G be- 
comes the infinity point of R,. This is 
done in the RX Meter. 

The value of B of the unknown in- 
volves only the value of angular fre- 
quency; w, and the values of two capa- 
citor settings. The value C40 can be 
marked as zero, and the scale can be cal- 
ibrated in capacitance values above and 
below this zero. Then the C4 dial reads 
the value of parallel capacitance which 
has a susceptance equal to the suscept- 
ance of the unknown. Thus the positive 
range of the C, dial is the region of 
actual capacitance below the value of 
C4”. The negative range of the C, dial 
indicates that the unknown is inductive. 

The inductive range of the RX Meter 
can be extended to higher values of B, 
corresponding to lower values of L, by 
adding known capacitors in parallel 
with the unknown. Other methods of 
extending the range of measurements 
are also known,l5 and all of them de- 
pend on the experimenter’s knowledge 
of the mathematics of electric circuits 
for their usefulness. 

Transmission line parameters can be 
found from measurements made on the 
RX Meter.I6 Application of the circuit 
theory of transmission lines leads to 
measurement procedures which enable 
impedances at a distance from the ter- 

r- -1 

Figure 8. Basic circuit of the RX Meter. 

minals of the RX Meter to be deter- 
rnined.l7 

In the area of transistor parameter 
measurements, circuit theory and meas- 
urement technique reach one of their 
finest meetings. From the circuit theory 
viewpoint, the problem is to find ex- 
pressions for transfer parameters in 
terms of two-terminal impedances or 
admittances. From the measurement 
technique side, the problem is to meas- 
ure the desired impedances or admit- 
tances with proper bias currents sup- 
plied to the transistor. The RX Meter 
is ideally suited for this, because it can 
carry fifty milliamperes direct current 
applied at the unknown terminals. With 
appropriate jigs to hold the transistor 
and supply adequate biasing, the meas- 
urements can be quickly made.l* 

The details on all of these things have 
been brought to the reader of the BRC 
Notebook. The presentations have been 
challenging and have encouraged many 
of us to delve into new theoretical points 
and experimental procedures. We, the 
readers of the Notbook are the richer 
for this, and we look forward to future 
issues of the Notebook with great ex- 
pectations. Truly the well designed ni- 
strument and the skillful user produce 
remarkably useful results. 
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elements already in arm 4, and we re
balance the circuit. The new readings
of C2 and C4 we will call C~I and C4j.
This dme the balance equations become

C,
G41 = --

R3C2I

andB~=wCu+Bx=

The first of these is a new one, but the
second simply indicates that the rotal
B ~n arm 4 is still the same. Drawing
on this fact, we can write

Since the value Gu is the sum of

:,:0 an:4:~W~4~n V;;lile(~ _ ~)
Ra C~l C~O

( 18)
The value of Gx is determine<! by the

values of C~ from two balances and the
values of C 1 and Ra. If these latter terms
are known, the values of (20 can be
marke<1 as zero G and the scale of (2
can be calibrated in mhos of conduct
ance. Alternately, the scale of C~ can be
calibrated in terms of parallel resistance
in ohms. Then lhe zero point of G be·
comes the infinity point of RI,. This is
done in the RX Meter.

The value of B of the unknown in
volves only the value of angular fre
quency; w, and the values of tWO capa·
citor settings. The value (40 can be
marked as zero, and lhe scale can be cal
ibrated in capacitance values above and
below this zero. TIlcn the C~ dial reads
the value of parallel capacitance which
has a susceptance equal to rhe suscept
ance of the unknown, Thus the positive
range of the (1' dial is the region of
actual capacitance below the value of
C~". The negative range of the (I' dial
indicates that the unknown is induCtive.

The inductive range of the RX Meter
can be extended to higher values of B,
corresponding to lower values of L, by
adding known capacitOrs in parallel
with the unknown. Other methods of
extending the range of measurements
are also known,l} and all of them de·
pend on the experimenter's knowledge
of the mathematics of electric circuits
for their usefulness.

Transmission line parameters can be
found from measurements made on the
RX Meter. 16 Application of the circuit
theory of transmission lines leads to
measurement procedures which enable
impedances at a distance from the ter·

•
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T H E  N O T E B O O K  

The Evolution of the BRC Q Meter 
LAWRENCE 0 .  COOK, Q u a l i t y  Co l z t ro l  Engilzeer 

Q is defined as 22.. times the ratio of 
energy stored to the energy dissipated 
per cycle.l.2 In electronics, the concept 
of Q is commonly used to designate the 
ratio of series reactance to series resist- 
ance of a coil (Q = 2~ fL/R) or of a 
capacitor (Q = 1/22.. fCR) . While these 
and other relationships involving Q 
have been used in radio and electrical 
engineering for a great many years, the 
expression Q and its numerical value 
did not come into popular usage until 
early in the 193O’s, during the time 
when the broadcast receiver industry 
was growing at a fast pace and a rapid 
means for measuring Q was sorely 
needed. Seeking to fulfill this need, the 
founders of Boonton Radio Corporation 
demonstrated the first Q Meter at the 
IRE Meeting in Rochester, N. Y .  late 
in 1934. 

Fundamental Q Meter Circuit 
The early model Q Meter employed 

the “voltage step-up” (also known as 
“resonance rise”) method of Q measure- 
ment still used in current models. A 
simplified schematic of the fundamental 
circuit is shown in Figure 1. The Q of 
a resonant circuit, comprising a capac- 
itor (C,) contained in the Q Meter and 
an external coil (Lx), is measured by 
impressing a known voltage (Ei) in 
series in the circuit and measuring the 
voltage (E,) across the capacitor when 
the circuit is resonated to the frequency 
of the impressed voltage. Q of the cir- 
cuit is the ratio E,/Ei. With Ei known, 
the voltmeter (E,) may be calibrated 
directly in Q and, because the circuit 
losses occur mostly in the coil, the Q 
indication obtained closely represents 
the Q of the coil. By inserting low 
impedances in series with the coil or 
high impedances in parallel with the 
capacitor, the constants of unknown 
circuits or components may be measured 
in terms of their effect on the original 
circuit Q and tuning capacitance. 

Basic Design Problems 
Though the fundamental Q measure- 

ment method just described is extremely 
simple, the achievement of accurate re- 
sults over a wide range of frequencies 
requires the solution of several basic 

R, Q circuit injection resistor 
(100-A and 160-A, 0.04 ohm; 
260-A, 0.02 ohm) 

1, Self inductance of R, 
E ,  Injection voltage and meter for same 
C,+ Stray capacitive coupling 
L,t Stray inductive coupling 
L, Coi l  under test 

C, Calibrated internal resonating capacitor 
1,. Q circuit residual inductance 

(100-A, 0.08 yh, 160-A 
and ’260-A, 0.015 yh) 

R,, Q circuit residual series resistance 
Rlh Q circuit residual shunt resistance 
E, Q vacuum tube voltmeter 
HI - LO External coil terminals 
HI - GND External capacitor terminals 

Figure I .  Q Meter Fundamental Circuit - Including Residuals 

problems. 
1. The injection voltage system must 

be frequency insensitive. 
2. Stray coupling occurring between 

the oscillator (including the injection 
system) and the Q measuring circuit 
must be reduced to a negligible value. 

3. The Q measuring circuit residual 
inductance and series and shunt resis- 
tive losses must be minimized. Included 
are input circuit losses in the VTVM 
which measures the voltage across the 
resonating capacitor. 

4. The oscillator waveform must be 
relatively free of harmonics. 

These factors have been strenuously 
dealt with in Q Meter design and, over 
a period of many years, much progress 
has been made which benefits the user 
in terms of improved accuracy. Some of 
the results of this progress, in the LF 
and lower VHF range of frequencies, 
will be shown in the remaining para- 
graphs which trace the development of 
thc Q Meter from the first  model 

marketed, the Type 100-A, to a model 
currently in production, the Type 260-A. 

Type 100-A Q Meter 
The Type 100-A Q Meter was the 

first model to be sold (in early 1935) 
and is readily recognized because of its 
45” panel slope. 

A Type 45 tube operated in a tuned- 
grid oscillator circuit having tickler 
feedback. Turret selection of 7 calib- 
rated frequency ranges provided a total 
range of 50 kc to 50 mc, the entire 
oscillator assembly being shielded to 
provide isolation from the Q measuring 
circuit. 

The oscillator output current, con- 
trolled by adjustment of the dc plate 
voltage, was fed through a coaxial cable 
to a thermocouple and then through a 
0.04-ohm “voltage injection resistor”. 
This resistor, a closely shielded resist- 
ance strip, provided a low value of self 
inductance so that the voltage drop 
dcvclopcd across the resistor was rela- 
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Q is defined as 2,.- times the ratio of
energy stored to the energy dissipated
per cycle. I ,2 In electronks, the concept
of Q is commonly used. to designate the
ratio of series reactance to series resist
ance of a coil (Q=2,.- fUR) or of a
capacitor (Q = Y,2,.- feR). While these
and other relationships involving Q
have been used in radio and electrical
engineering for a great many years, the
expression Q and its numerical value
did nOt come into popular usage umil
early in the 1930's, during the time
when the broadcasr receiver industry
was growing at a fast pace and a rapid
means for measuring Q was sorely
needed, Seeking to fulfill this need, the
foundeTS of Boonton Radio Corporation
demonstrated the fiut Q Meter at the
IRE Meeting in Rochester, N. Y. late
in 1934.

Fundamental Q Meter Circuit
The eatly mooel Q Merer employed

the "voltage step-up" (also known as
"resonance rise") method of Q measure
ment still used in current models. A
simplified schematic of the fundamental
circuit is shown in Figure I. The Q of
a resonant circuit, comprising a capac
itor (C,I) contained in the Q Meter and
an external coil (L~), is measured by
impressing a known voltage (Ed in
series in the circuit and measuring the
voltage (E,I) across the capacitor when
the circuit is resonated to the frequency
of the impressed voltage. Q of the cir
cuit is the ratio ~/EI. Wirh EJ known,
the voltmeter (E.I) may be calibrated
directly in Q and, because the circuit
losses occur mostly in the coil, the Q
indication obtained closely represenTS
the Q of the coil. By inserting low
impedances in series with the coil or
high impedances in parallel with the
capacitor, the constanTS of unknown
circuits or components may be measuted
in terms of their effect on the original
circuit Q and tuning capacitance.

BClsic Design Problems
Though the fundamental Q measure

ment method jusr described is extremely
simple, the achievement of accurate reo
suIts over a wide range of frequencies
requires (he solution of several basic

Ri Q <i,cuit injection ,e.i.to,
(lOO-A and 160·A, 0.04 ohm,
260·A. 0.02 ohm)

L, S.lf induel(.....( .. of R,
E, Injection ~olt0ge <....d m..l.., la, .0 .......
C" St'ay capadti~.. coupling
l" St,ay indu(ti~. (oupling
l, Coil und., ,.. u

problems.
1. The injection voltage syStem must

be frequency insensitive.
2. Suay coupling occurring between

the OSCillator (including the injection
system) and the Q measuring circuit
must be reduced to a negligible value.

3. The Q measuring circuit residual
inductance and series and shunt tesis
tive losses must be minimized. Included
He input circuit losses in the VTVM
which measures the volcage across the
resonating capacitor.

4, The oscillator waveform must be
relatively free of harmonics.

These faCtors have been strenuously
dealt with in Q Meter design and, over
a period of many years, much progress
has been made which benefits the user
in terms of improved accuracy. Some of
the results of this progress, in the IF
and lower VHF range of frct'Juencies,
will be shown in the remaining para
graphs which traCe the development of
the Q Meeer from the fim model
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C. Calib,at..d inlernal ' ...anating capacita,
1.. Q d,(uit ,e.iduol indU<fance

(100-A, 0.08 J'h, 160-A
Gnd 260-A, O.OJ' J'h)

R~ Q circuit , idual •• ri ... , i,'"n(..
RoO Q circuil , iduGI .hunl , i"an<..
E. Q ~acuum 'ub.. ~Ghm..ter
HI ~ lO Exl.,nal (Gil te,minGI.
HI~ GNO Ext.,na! CGpadtG, '.,minal.

marketed, the Type lOG-A, to a model
currendy in production, the Type 260·A.

Type I DO-A Q Meter
The Type lOO-A Q Meter was the

first model to be sold (in early 1935)
and is readily recognized because of its
45" panel slope.

A Type 45 rube operated in a tuned
grid oscillator circuit having tickler
feedback. Turrer seleaion of 7 calib
rated frequency ranges provided a rotal
range of 50 kc to 50 mc, rhe entire
oscillator assembly being shielded to
provide isolation from the Q measuring
circuit.

The oscillaror outpUt current, con'
trolled by adjustment of the dc plate
voltage, was fed through a coaxial cable
to a thermocouple and then through a
O.04-ohm "voltage injection resistor".
This resistor, a closely shielded resist
ance scrip, provided a low value of self
inductance so that the voltage drop
developed across the resistor was rda-
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Figure 2. Specification of Circuif 0 lndicotion Accuracy vs Frequency 

tively independent of frequency. The 
thermocouple operated a 3-inch dc 
meter which was calibrated at  two Q 
range settings in terms of the voltage 
developed across the resistor at dc and 
at low frequencies. 

The Q measuring circuit included a 
single-section, receiver-type capacitor 
having aluminum plates which provided 
a calibrated capacitance range of 37 to 
460 ppf. Impregnated mica insulation 
was employed in the capacitor for low 
loss purposes, each mica insulator being 
tested under conditions of 90% relative 
humidity. The vernier capacitor was in 
a separate frame and employed similar 
insulation. 

External terminals for connection of 
the coils and capacitors to be tested were 
of the commercial, nickel-plated type 
mounted on impregnated mica insulators. 

The Q voltmeter circuit employed a 
triode tube operating as a form of “plate 
rectifier” with provision for zero bal- 
ance of the cathode current meter. The 
Type 2A6 tubes were individually se- 
lected in the operating circuit for high 
input resistance at rf, normal input 
capacitance, low direct grid current, and 
normal rectified dc output versus ac 
signal voltage. The 3-inch meter was 
calibrated in two ranges of circuit Q 
( 0  to 250 and 0 to 500) in addition to 
signal volts. The VTVM grid return 
resistor (100 megohms at  dc) was of 
a design chosen for high effective re- 
sistance at rf. 

The Q Meter power supply was of 
the unregulated type commonly used at 

that time. 
Performance of this instrument, for 

the Q measurement of inductors and 
capacitors, was generally satisfactory at 
frequencies up to 10 mc, as shown in 
Figure 2. For increasing frequencies 
(i.e., above 10 mc) the accuracy grad- 
ually worsened because of the effects of 
injection resistor inductance, stray coup- 
ling between the thermocouple system 
and the Q measuring circuit, and Q 
measuring circuit residual inductance 
and residual resistance. 

Type 160-A Q Meter 
Increased use of higher frequencies 

in the communications field created a 
need for improved Q Meter accuracy at 
these higher frequencies. To meet this 
need, a new model, the Type 160-A Q 
Meter, was developed and introduced in 
1939, superseding the Type 100-A. In 
addition to greatly improved accuracy, 
this model had a 15” panel slope and a 
considerably different appearance. 

The oscillator was essentially the same 
as used in the Type 100-A instrument 
except that an eighth frequency range 
(50  to 75 mc) was added. Mechanical 
reliability of the shielding was also 
improved. 

The injection system provided a com- 
pletely shielded thermocouple with the 
injection resistor being included in the 
same shielded assembly. Stray coupling 
to the Q measuring circuit was thus 
greatly reduced. Additional division lines 
on the “Multiply Q By” meter scale 
plate provided a wider (20  to 6 2 5 )  
range of circuit Q measurements and 
improved accuracy. 

The Q measuring circuit resonating 
capacitor, calibrated range 30 to 460 
ppf, was of a design especially developed 
to provide low residual inductance and 
resistance for this purpose. Main and 
vernier capacitor sections were included 
in a single frame to avoid the induct- 
ance of a connecting lead. The main 
rotor and stator were split into two 
equal sections, the rotor being “center 
fed’; i.e., to provide a shortened current 
path, the rotor was grounded by fingers 
contacting a disk located on the shaft 
midway between the two sections. Rotor 
and stator plates fabricated of copper 
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in the communications field created a
need for improved Q Meter accuracy at
these higher frequencies. 'To meet this
need, a new model, the Type 160·A Q
Meter, was developed and introdUCed in
1939, superseding the Type lOO-A. In
addition to greatly improved accuracy,
this model had a 15" panel slope and a
considerably different appearance.

The oscillator was essentially the same
as IIsed in the Type lOO-A instrument
except that an eighth frequency range
(50 to 7'j mc) was added, Mechanical
reliability of the shielding was also
improved.

The injection system ptovided a com
pletely shielded thermocouple with the
injection resistor being included in the
same shielded assembly. Stray coupling
to the Q measuring circuit was thus
greatly reduced. Additional division lines
011 [he "Multiply Q By" meter scale
plate provided a wider (20 to 625)
range of circuit Q measurements and
improved accuracy.

The Q measuring circuit resonating
capacitor, calibrated range 30 to 460
pop.f, was of a design especially developed
to provide low residual inductance and
resistance for this pUtpose. Main and
vernier capacitor sections were included
in a single frame to avoid the induct
ance of a connecting lead. The main
rotor and statOr were split into two
equal sections, the rotOr being "center
fcd"; i.e., to provide a shortened current
parh, the rotor was grounded by fingers
contacting a disk located on the shaft
midway between [he twO sections. Rotor
and stator plates fabricated of copper

Type 160-A Q Meter
Increased use of higher frequencies

that time.
Performance of rhis insuumeor, for

the Q measurement of inductOrs and
capacitors, was generally satisfactory at
frequencies up ro 10 me, as shown in
Figure 2. For increasing frequencies
(i.e., above 10 me) the accuracy grad·
ually worsened because of the effects of
injection resistor inductance, Str:ay coup
ling between the thermocouple system
and the Q measuring circuit, and Q
measuring circuit residual inductance
and residual resistance.

tive1y independent of frequency, The
thermocouple operated a 3·inch dc
meter which was calibrated at twO Q
mnge settings in terms of the voltage
developed across the tesistOr at dc and
at low frequencies.

The Q measuring circuit included a
single·section, receiver-type capacitor
having aluminum plates which provided
a calibrated capacitance range of 37 to
460 pop.f. Impregnated mica insulation
was employed in the capacitor for low
loss purposes, each mica insulator being
tested under conditions of 90% relative
humidity. The vernier capaciror was in
a. separate frame and employed similar
insulation.

External terminals for connection of
the coils and capacirors to be teSted were
of the commercial, nickel-plated type
mounted on impregnated mica insulators.

The Q voltmeter circuit employed a
uiode rube operating as a form of "plate
rectifier" with provision for zero bal
ance of the cathode current merer. The
Type 2A6 mbes were individually se
lected in the operating circuit for high
input resistance at rf, normal input
capacirance, low direct grid current, and
normal rectified dc output versus ac
signal voltage. The 3·inch merer was
calibrated in tWO ranges of circuit Q
(0 co 250 and 0 to 500) in addition to
signal volts. The V1VM grid return
resistor (tOO megohms ae dc) was of
a design chosen for high effective re
sistance at rf.

The Q Merer power supply was of
[he unregulated type commonly used at

•
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100-A Q METER 

High at some frequencies, caus- 
ing Q indication error. 

(A) Small, susceptible to burnout. 
(B) Poor, causing Q indication 

error. 

i 

260-A Q METER 

low ible Q at error. all frequencies, neglig 

(A) Large, burnout rare. 
(B) Good, negligible Q indicatior 

error. 

i 

Receiver type with oluminum 
plates, vernier separate, external 
COIL and COND terminals sep- 
arately mounted, impregnated 
mica insulation. 

provided lowered rf resistance as com- 
pared to the aluminum material for- 
merly used. (See Figure 3.) The stator 
insulators of this capacitor were at first 
of impregnated mica, but a subsequent 
design modification substituted pyrex 
glass balls for improved electrical re- 
liability. 

External terminals (Figure 1 ) were 
of gold-plated copper to provide high 
conductivity. To permit shortened in- 
ternal leads the panel slope was changed 
from 45” to 15” and the external ter- 
minals were mounted integrally with the 
capacitor. The residual inductance of 
this unit, measured at the COIL termi- 
nals, was 0.015 ph, a considerable reduc- 
tion from the Type 100-A inductance 
of 0.08 ph. 

For improved readability, a 4-inch 
meter was used in the Q-VTVM. The 
meter was critically damped to eliminate 
the pointer over-swings found in the 
Type 100-A. The power supply was of 
the conventional unregulated type. 

While the Type 160-A instrument 
achieved a wide usage in the electronic 
field and offered greatly improved ac- 
curacy at the higher frequencies over 
its predecessor the Type 100-A (Fig- 
ure 2 ), its accuracy at frequencies above 
30 mc was limited and the thermocouple 
factor of safety was low. 

Specially designed, silver plated 
copper plates, rotor current 
center-fed, vernier in same 
frame, external COIL and CAP 
terminals integrally mounted, 
teflon ond pyrex insulation, res- 
idual inductance and resistance 
greatly reduced. 

Type 260-A Q Meter 
Progress in the electronic and instru- 

ment art indicated that a revised Q 
Meter of refined design and improved 
accuracy was needed. To meet this need, 
the Type 260-A Q Meter, superseding 
the Type 160-A, was developed in 1953 
and is still being produced. This model 
is similar in shape and size to the Type 
160-A but is recognizable by its. re- 
cessed dials. 

An oscillator of complete redesign 
employs a modern tube and modern 
components. The circuit is designed for 
low harmonic content. Output current 
control is in the low wattage screen 
grid circuit. Turret selection of eight 
calibrated frequency ranges provides a 
total coverage of 50 kc to 50 mc. 

The thermocouple and “Multiply Q 
By” meter circuit have beeq redesigned 
for a lower thermocouple operating 
temperature and consequent greater 
safety factor. Thorough shielding is em- 
ployed and a 4-inch meter with mirror 
scale provides greater accuracy of set- 
ting the injection voltage. 

The injection voltage resistor is a 
0.02-ohm annular type providing es- 

t 2 0  
0 

/2’ 
BETWEEN Q I 

+IO 618 - 
0 

I 2 5 IO 20 50 
FREQUENCY. MC 

figure 4. Q Indicated (Q,) vs Q by D e l t a 4  (QAc) Method 

sentially noninductive performance at 
frequencies as high as 50 mc, a wel- 
come change from the inductive volt- 
age rise experienced with the shielded 
resistance strip type of resistor used in 
Q Meters Type 100-A and Type 160-A. 
Figure 4 plots the error in the Type 
160-A largely attributable to this cause. 
The error in the 260-A is negligible. 
The lowered resistance value of 0.02 
ohms in the Type 260-A versus 0.04 
ohms in the Types 100-A and 160-A 
(this resistor being in series with the 
Q measuring circuit) raises the meas- 
ured circuit Q by as much as 15% at 
the higher frequencied. Thus the cir- 
cuit Q and the coil Q are brought into 
closer agreement. 

The resonating capacitor (calibrated 
for a range of 30 to 460 ppf) is of the 
same design as was employed in the 

later .160-A’s except that the external 
terminals are supported on a teflon in- 
sulator for improved uniformity, 
strength, and reliability. The direct read- 
ing capacitance scale is supplemented 
by a direct reading inductance scale for 
use at specified frequencies. 

In addition to the usual main Q scale 
(40 to 250), the Q indicating meter 
provides a low Q scale (10 to 60) and a 
AQ scale (0  to 50).  These direct read- 
ing scales, when used in conjunction 
with the “Multiply Q By” meter (range 
X1.0 to X2.5) provide a circuit Q 
measurement range of 10 to 625. Each 
meter employs a mirror scale for the 
elimination of parallax error. 

The power supply voltages are reg- 
ulated by a voltage stabilizing trans- 
former and “glow tubes”, thus provid- 

ITEM 

Oscillator Harmonic 
Content 

Oscillator Output 
Thermacouple 

(A) Overload factor 
(B) Shielding 

Iniecgan Voltage 
Resistor 

Resonoting Capacitor 
(Q Measuring Circuit) 

Circuit Q Measurement 
Range 

Meters 

Power Supply 

I Inductance causes Q indication 
error at higher frequencies. 

Inductive effect ne ligible, low- 
ered resistonce va?ue improves 
circuit Q. 

10-500 

3 inch 

Unregulated 

10-625; includes low Q Range 
and .AQ range far better 
accuracy. 

4 inch, mirror scale. 

Regulated; meter indications 
stabilized against line voltage 
fluctuations. 

Figure 5. Highlights of Q Mefer Design Differences 
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In addition to (he usual main Q scale
(40 to 250), the Q indicating merer
provides a low Q scale (10 to 60) and a
6.Q scale (0 to :;0). These direct read
ing scales, when used in conjunCtion
with the "Multiply Q By"' meter (range
X 1.0 to X2.5.) provide a circuit Q
measurement range of 10 to 625. Each
meter employs a mirror scale for the
elimination of parallax error.

The power supply voltages are reg
ulated by a voltage stabiliz.ing trans·
former and "glow tubes", rhus provid·

later l60-A's except that rhe external
terminals are supported on a teflon in
sulator for improved uniformity,
strength, and reliability. The direct read
ing capacitance scale is supplemented
by a direct reading inductance scale for
use ar specified frequencies.
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St:neialJy noninducrive performance ar
frequencies as high as 50 me, a wel
come change from the induCtive voh
age rise experienced with the shielded
resiStance strip type of resistor llsed in
Q Meters Type lOO-A and Type 160-A.
Figure 4 plots the error in the Type
160-A largely attributable to This cause.
The error in the 260-A is negligible.
The lowered resistance value of 0.02
ohms in the Type 260-A versus 0.04
ohms in the Types loo-A and 16O-A
(this resistor being in series with the
Q measuring circuit) raises the meas
ured circuit Q by as much as 15% aT
the higher frequencies~. Thus the cir·
cuir Q and the coil Q are brought inco
doser agreement.

The resonating capacitor (calibrared
for a range of 30 to 460 p.p.f) is of the
same design as was employed in the

provided lowered rf resistance as com
pared to the aluminum material for
merly used. (See Figure 3.) The statOr
insulators of this capacitor were ar first
of impregnated mica, but a subsequent
design modification substituted pyrex
glass balls for improved electrical re
liabiliry.

External terminals (Figure I) wcre
of gold-plared copper to provide high
conductivity. To permit shortened in
ternal leads the panel slope was changed
from 45 0 to 15 0 and the external ter
minals were mounted integrally with the
capacitOr. The residual inductance of
this unit, measured at the COIL termi
nals, was 0.015 ph, a considerable reduc
tion from the Type lOO-A inductance
of 0.08 "ill.

For improved readability, a 4-inch
meter was used in the Q-VTVM. The
meter was critically damped to eliminate
the pointer over-swings found in the
Type loo·A. The power supply was of
the conventional unregulated type.

While the Type 160-A instrument
achieved a wide usage in the electronic
field and offered greatly improved ac
curacy at the higher frequencies over
ilS predecessor the Type IOQ-A (Fig
ure 2), its accuracy at frequencies above
30 me was limited and rhe rhetmocouple
factor of safety was low.

Type 260-A Q Meter
Progress in the electronic and instru

ment art indicated rhat a revised Q
Meter of refined design and improved
accuracy was needed. To meet this need,
[he Type 260-A Q Meter, superseding
the Type 160·A, was developed in 1953
and is StjJJ being produced. This model
is similar in shape and size to the Type
160-A but is recognizable by i~ re
cessed dials.

An oscillatOr of complete redesign
employs a modern. rube and mooern
componems. The circuit is designed for
low harmonic content. Output currene
conuol is in the low wattage screen
grid circuit. Turret selection of eight
calibrated frequency ranges provides a
total coverage of 50 kc to 50 mc.

The thermocouple and "Multiply Q
By" meter circuit have been redesigned
for a lower thermocouple operating
temperature and consequent grearer
safety factor. Thorough shielding is em·
played and a 4-inch meter with mirror
scale provides greater accuracy of set
ting dle injection voltage.

The injection voltage resistor is a
0.02-ohm annular type providing es·
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ing stability of meter indications in 
the presence of power line voltage 
fluctuations. 

Figure 5 offers a quick review of the 
design highlights which contribute to 
the improved performance of the Type 
260-A Q Meter. Note that the Q indica- 
tion accuracy specification now extends 
upward to include the full frequency 
range of 50 kc to 50 mc (Figure 2 ). 

Accessory Inductors 
The Type 103-A Inductor has long 

been available as a “work coil” for use 
in Q Meter measurement of capacitors 
and other components. The more re- 
cently introduced Types 513-A and 
518-A Q Standards provide a ready 
means for the user to check the accuracy 

of his Q Meter, thus assuring instrument 
accuracy at the time of Q measurement. 

Conclusion 
Twenty-five years of electronic en- 

gineering effort has brought forth many 
advancements in the electronic field. 
W e  believe that Q Meter design has 
kept pace in terms of improved accuracy 
of measurement, improved reliability, 
and improved stability of operation. 

1. 

2. 

3. 
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Boonton Radio Corp. Merges 
With Hewlett-Packard Co. 

Boonton Radio Corporation recently 
became the newest member of the Hew- 
lett-Packard Co. family of Palo Alto, Cal- 
ifornia as a wholly-owned subsidiary and 
joined other companies operating under 
similar status including: F. L. Mosely 
Co., Pasadena, Californis?, makers of strip 
chart and X-Y recorders; Palo Alto En- 
gineering Co. of Palo Alto, manufac- 
turers of transformers, potentiometers, 
and other components; and Dymec, Inc. 
of Palo Alto, now a division of H-P, 
manufacturers of precision electronic 
measuring equipment and systems. 

Announcing the arrangement be- 
tween the two companies, Dr. George 
A. Downsbrough, President of BRC, 
emphasized that BRC would continue 
to operate as a separate company with 
no changes in either management or 
personnel contemplated. He stated that 
plans for a new plant, which were 
underway prior to the merger, would 
be accelerated. These remarks were 
echoed by Messrs. Hewlett and Packard 
who visited BRC to personally welcome 
BRC into the H-P fold. 

BRC is looking forward to expanding 
its line and development activities 
through the use of H-P development of 
components and close liaison with their 
development activities. 

From a humble beginning in 1939, 
the Hewlett-Packard Co. has grown to 
be one of the largest manufacturers of 
electronic test equipment in the world. 
The company produces more than 300 
different instrument types, including 
oscillators, voltmeters, signal generators, 
waveform analyzers, microwave and 
waveguide test instruments, and oscil- 
loscopes. These products are sold to 
more than 3000 business organizations 
throughout the world, with the govern- 
ment, through its various agencies, con- 
stituting one of the largest single users 
of H-P equipment. 

In addition to its expansion in this 
country, Hewlett-Packard has established 
subsidiaries in Germany and Switzer- 
land. The Stuttgart, Germany plant is 
due to begin production of H-P instru- 
ments for the Continental market early 
next year. This plant will be the manu- 
facturing outlet of the company’s 
wholly-owned Swiss sales organization 
which was set up last January. 

Boonton Radio Corporation is proud 
to be a member of the progressive Hew- 
lett-Packard family and is looking for- 
ward to expanding with a fast growing 
industry. 

NEW PLANT SOON 
FOR BRC 

The purchase, in December of 1958, 
of a 70-acre tract in Rockaway Town- 
ship, a few miles Northwest of the 
present plant, was the first step towards 
a long-range expansion program in ef- 
fect at BRC. The tract is located less 
than a mile from the recently completed 
interchange on the newly-aligned Route 
Route 80 interchange, and is easily ac- 
cessible to BRC’s 150 employees who 
mostly reside in the area. Ample room is 
available on the new site for enlarged 
plant construction and recreation 
facilities. 

More recently, BRC has engaged an 
Architectural firm to draw up plans for 
the new building. These plans should 
be completed in the near future and 
plans are that ground will be broken 
early in 1960. 

The new building will be a modern, 
single-story structure providing at least 
50,000 square feet of space, or more 
than double the area of the present 
plant. The Engineering, Production, and 
Administration Departments are being 
layed out with ample room allowed for 
future expansion. The plant will be 
fully equipped with the most modern 
machinery and tools obtainable. Facili- 
ties are expected to include air condi- 
tioning and a cafeteria. 

Details on the new plant will be the 
topic of a future Notebook article which 
will bepublished as soon as the build- 
ing plans are firm. 

An aerial view of BRC‘s new plant sife. 
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Boonton Radio Corp. Merges
With Hewlett-Packard Co.

ing .srnbility of meter indiations in
the presence of power line voltage
fluctuations.

Figure 5 offers a quick review of the
design highlighrs which contribute to
lhe improved performance of the Type
26O-A Q MeIer. Note thar the Q indiCll
tion accuracy specification now extends
upward to include lhe full frequency
I11nge of 50 ke to 50 me (Figure 2).

Accessory Inductors
The Type 103-A Induaor has long

been available lIS a "work coilH for use
in Q Meter measurement of capacilors
and OIher componenrs. The more re
cently introduced Types 513·A and
518·A Q Standards provide a ready
means for the user to chtck me accun.cy

Boonton Radio Corporation recentJy
beame the newest member of die Hew·
leu-Packard Co. family of Palo AIm, Cal
ifornia as a wholly-owned subsidiary and
joined OI:her companies operating under
similar .srnms including: F. L Mosely
Co., Pasadena, California, makers of scrip
chare and X-V recorders; Palo Alto En
gineering Co. of Palo Alto, manufac
turers of trarnformen, potentiometers,
and other componentS; and Dymec, Inc.
of Palo Alto, now a division of H-P,
manufacrurers of predsion electronic
measuring equipment and systems.

Announcing the arrangement be:
tween the twO companies, Dr. George
A. DowrnbrOl.lgh, President of BRC,
emphasized diat HRC would continue
fO operatC' as a sepanile company with
no changes in either managemC'nt or
personnel contemplated.. He: scated that
pial» for a new plant, which were
undC'cway prior to the merger, would
be acceJerated. These remarks were
echOC'd by Messrs. Hewlett and Packard
who visited HRC to personally welcome:
BRC into die H·P fold.

BRC is looking forward to expanding
its line and development activities
through the use of H·P development of
components and close liaison with their
d~velopll1ent activities.

of his Q MeIer, IhU$ assuring inS(fumem
accuracy ar the time of Q measurcmem.

Conclusion
Twenty-five years of elearonic en·

gincering effort has brought forth many
advancements in the elearonic field.
We believe thar Q Meter design has
kepr pace in rerms of improved accuracy
of measurement, improved reliability,
and improved stability of operation.
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NEW PLANT SOON
FOR BRC

The purchase, in December of 1958,
of a 70-acre trao in Rockaway Town
ship, a few miles Northwesr of rhe
present plant, was the first step towards
a long·range expansion program in ef·
feCt al BRC. TIle tmet is locared less
than a mile from the rccemly completed
imC'rchange on rhe newly·aligned Route
RoutC' 80 imerchange, and is easily ac
cessible to BRC's 150 employetS who
mostly reside in the area. Ample room is
available on rhe nC'w site for enlarged
plant consuuClion and recreation
facilities..

More recendy, BRC has engaged an
Architecruf'21 firm to draw up plans for
the new building. These plans should
be completed in the neat future and
plalls arc lhar ground will be broken
early in 1960.

The new building will be a modern,
single-story SlrUCture providing at least
50,000 square fee:t of space, or more
than double the area of the presem
plam. The Engineering, Production, and
Administration Dcpanmenrs are: being
Jayed out with ample room allowed for
future expansion. The plant will be
fully equipped with the most modern
machinery and rools obtainable. Facili
ties are C'JI:pected ro include air condi·
lioning and a cafeleria.

Details on lhe new planr will be the
topic of 11 future N(l(cbook article which
will be published as soon as the build·
ing plans are firm.
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Looking Back 25 Years 
With BRC 

Boonton Radio Corporation was es- 
tablished in 1934, but the scene was 
set before that time, just after the end 
of the First World War. Many of the 
concepts that made wireless communi- 
cation possible were discovered before 
the War, but it was during the War 
that new ideas were evolved and that 
considerable practical experience was 
gained in the use of these new ideas. 
When the War was ended, the public 
was beginning to appreciate the useful- 
ness of transmitting intelligence over 
distances without wire and was taking 
a keen interest in its development. 

Manufacturers, recognizing this in- 
tense interest, began devoting time and 
money to the development of improved 
radios and radio devices. They found 
it necessary to obtain component parts 
which were new to most of them, and 
for which they were sadly lacking in 
testing methods. 

These were the conditions under 
which the Boonton Hard Rubber Com- 
pany in Boonton, New Jersey estab- 
lished a group for deaIing with the new 
problems. The staff of the newly formed 
group, including at first just one physi- 
cist, produced coil forms and other radio 
components using insulating material. 
Later, additional technical people were 
employed, and the work of general engi- 
neering consultation was undertaken. 
This type of work naturally led to an 
understanding of basic test equipment 
requirements. 

Late in 1934, Mr. William D. Lough- 
lin, who had been President of Radio 
Frequency Laboratories and who was 
one of the industry’s pioneers, together 
with several associates, purchased one 
of the buildings which had been used 
by the Boonton Hard Rubber Company 
for its radio activities, and formed the 
Boonton Radio Corporation. The new 
company concentrated its engineering 
skill toward the development of new 
measuring equipment sorely needed by 
the radio industry at that time. For ex- 
ample, there was at that time a specific 
need for a quick and accurate method 
for measuring Q. Q measurements were 
being made indirectly by means of 
bridges which measured the effective re- 
actance and resistance concerned. These 
measurements were too often subject to 
error because of the involved techniques u 

Larry Cook, with BRC since 1935, is shown 
with a preproduction model of BRC’s first Q 
Meter and the current Type 260-A Q Meter. 

required, and were time consuming. 
It was this Q measuring problem, in 

fact, which led to the development of 
the first Q Meter. Manufacturers were 
confronted with the costly annoyance 
of producing coils that would meet all 
of the requirements when tested at their 
own plant, only to be rejected because 
they did not pass inspection at their 
customers plant. A need for approved 
standards was evident and this was 
among the first assignments of the BRC 
engineers. 

First Q Meter Introduced 
In November of 1934, Boonton Radio 

Corporation presented at the Institute 
of Radio Engineers’ Fall meeting in 
Rochester, New York, a model of the 
Company’s first Q Meter. This instru- 
ment covered the frequency range of 
50 kc to 50 mc and was known as the 
Type 100-A. With this instrument, Q 
measurements were made simple and 
rapid. It was also capable of many other 
valuable laboratory measurements on 
basic components and circuits. The Q 
Meter was immediately accepted as a 
standard by the radio industry and re- 
search laboratories. Over the years im- 
proved models (the Types 160-A and 
260-A) of Q Meters in this frequency 
range have been introduced. 

In 1941, a high frequency model (30 

to 200 mc) of the Q Meter, known as 
the Type 170-A ,was introduced. This 
instrument was followed by the QX 
Checker (Type 110-A) , similar to the 
Q Meter but designed specifically for 
rapid production testing of components 
with laboratory accuracy. This instru- 
ment was very easy to operate and could 
be handled by unskilled personnel. 

Today, a faster, more versatile instru- 
ment, the Q Comparator Type 265-A 
has replaced the QX Checker and the 
low frequency Q Meter (Type 260-A) 
and high frequency Q Meter (Type 
190-A) are in very broad use. 

FM and HF Test Equipment 
Just before the Second World War, 

BRC began development work on a 
frequency-modulated signal generator 
to meet the demand for test equipment 
for the new fm communication equip- 
ment. A model of this generator was 
first presented in 1940 at the Institute 
of Radio Engineers’ meeting in Boston. 
Several models of these FM Signal Gen- 
erators, developed by BRC, were used 
during the war by military and com- 
mercial customers. 

During the Second World War, BRC 
provided large quantities of the standard 
commercial equipment, which had been 
previously designed for its commercial 
customers, to the Military Services for 
use in the War effort. In fulfilling its 
patriotic duty, the Company prepared 
a microwave pulse modulated rf signal 
generator for manufacture. A large n u m  
ber of these instruments were produced 
for the Military Services for use in test- 
ing radar systems. This Signal Generator 
is still used by the Military. 

At the end of the War the FM Sig- 
nal Generator was redesigned to permit 
coverage of a wider frequency range, to 
include AM as well as fm, and to obtain 
deviations in frequency which did not 
vary with carrier frequency. This in- 
strument ‘had very low leakage and a 
wide selection of accurately calibrated 
output voltages. It soon became the 
standard in its field. 

Aircraft Navigation Test Equipment 
In the 1940’s, the aircraft transporta- 

tion field was developing more accurate 
methods of navigation and better meth- 
ods of landing in bad weather. A system 
for solving these problems was ap- 
proved by the Civil Aeronautic Admin- 
istration and put into use both com- 
mercially and by the military services. 
During the development phases of this 
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to 200 me) of the Q Meter, known as
the Type 170·A ,was introduce<!. This
instrument was followed by the QX
Checker (Type lID-A), similar to the
Q Mcter but designed specifically for
rapid production testing of components
with laboratory accuracy. This instru
ment was very easy to operate and could
be handled by unskilled personnel.

Today, a faster, more versatile instru
ment, the Q ComparatOr Type 26'5-A
has replaced the QX Checker and the
low frequency Q Meter (Type 260-A)
and high frc<Juency Q Meter (Type
190-A) are in very broad usc.

FM and HF Test Equipment
Jusr before the Second World War,

fiRC began development work on a
frequency-modulated signal generator
to meet the demand for teSt equipment
for the new fm communication equip
ment. A model of this generator was
ficst presented in 1940 at rhe Institute
of Radio Engineers' meeting ill Boston.
Several modds of these FM Signal Gen
erators, developed by BRC, were used
during the war by military and com
mercial customers.

During the Second World War, BRC
provide<! large quantities of the standard
commercial equipment, which had been
previously designed for its commercial
cuStomers, to the Milimry Services for
use in the War effort. In fulfilling its
patriotic duf}', the Company prepared
a microwave pulse mooulate<! rf signal
generaror for manufacture. A large num
ber of these instruments were produced
for the Military Services for use in rest
ing radar syStems. This Signal Generaror
is still use<! by the Military.

At the end of the War the FM Sig
nal Generaror was redesigned to permir
coverage of a wider frequency range, to
indude AM as well as fm, and to obtain
deviarions in frequency which did not
vary with carrier frequency. This in
strumem 'had very low leakage and a
wide sele<:rion of accurately caJibrated
ourpUt voltages. It soon became the
standard in its field.

Aircraft Navigation Test Equipment
In the 1940's, rhe aircraft transporta

tion field was devdopinS more accurate
methods of navigation and berter meth
ods of landing in bad weather. A system
for solving these problems was ap
proved by the Civil Aeronautic Admin
Istrarion and put into use both com

mercially and by the military services.
During the development phases of this
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First Q Meter Introduced
In November of 1934, Boomon Radio

Corporation presented ar the Institure
of Radio Engineers' Fall meering in
Rochester, New York, a model of the
Company's first Q Meter. This instru
ment covered the frequeocy range of
50 kc to 50 me and was known as the
Type IOO-A. With this instrument, Q
measurements were made simple and
rapid. It was also capable of many Olher
valuable laboratory measurements on
basic components and circuits. The Q
Meter was imme<!iately accepted as a
standard by the radio industry and re
scarch laboratOries. Over the years im
prove<! mooels (the Types 160-A and
260-A) of Q Meters in rhis frequency
range have been introduced.

rn 1911, a high frequcncy model (30

require<!, and were time consuming.

It was this Q measuring problem, III

faCt, which led co the developmenr of
the first Q Meter. Manufacturers were
confrOnted with the costiy annoyance
of ptoducing coils that would meet all
of the requirements when rested at their
own plant, only to be rejected because
they did not pass inspection at their
customers plant, A need for approved
SC3nclards was evident and this was
among the fitst assignments of the fiRC
engineers.

Booncon Radio Corporation was es
tablished in 1934, but the scene was
set before that time, just after rhe end
of the First World War. Many of the
concepts that made wireless communi
cation possible were discovered before
the \'qar, but it was during the War
that new ideas were evolved and that
considerable practical experience was
gained in the use of these new ideas.
When the War was ended, the public
was beginning to appreciate the useful
ness of transmitting intelligence over
distances wirhout wire and was raking
a keen interest in irs developmenc.

Manufacturers, recognizing this in
tense imerest, began devoting time and
money to the development of improve<!
tadios and radio devices. They found
it necessary to obtain component parts
which were new to most of them, and
for which they were sadly lacking in
tesring mcthods.

These were the conditions under
which the Boonton Hard Rubber Com
pany in Booncon, New Jersey estab
lished a group for dealing with the new
problems. The staff of the newly forme<!
group, including at first JUSt one physi
cist, produced coil forms and other radio
components using insulating material.
Later, additional technical people were
employe<!, and the work of general engi
neering consult:llion was undenaken.
This type of work naturally led to an
understanding of basic test equipmenc
H.'<Juiremems.

Late in 1934, Mr. William D. Lough
lin, who had been President of Radio
Frequency Laboratories and who was
one of rhe industry's pioneers, together
with several associates, purchased one
of the buildings which had been used
by the Boonton Hard Rubber Company
for its radio aCtivities, and formed the
Boonton Radio Corporation. The new
company concentrated its engineering
skill tOward the development of new
measuring e<:juipment sorely nee<!ed by
the radio industry at rhat time. For ex
ample, there was ar that time a specific
need for II quick and accurate method
for measuting Q. Q measurements were
being made indirecdy by means of
bridges which measured the effective re
actance and resistance concerne<!. These
measurements were tOO often subject to
error because of the involve<l techniques
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Aircraft Navigation and Landing Sys- 
tem, BRC was asked to develop test 
equipment of unusual accuracy for test- 
ing several of the receivers involved. A 
signal generator for navigation equip- 
ment was produced in 1947, to be fol- 
lowed a short time later by an equip- 
ment for testing receivers used in landing 
aircraft. A more advanced model of the 
“Glide Path” testing equipment for the 
landing of aircraft was produced in 
1952. 

The Productive 1950’s 
In the last decade, the Company’s ef- 

forts have been directed toward the 
development of other self-contained, 
broadband, flexible instruments. The 
RX Meter, introduced in 1953, meas- 
ures parallel resistance and parallel re- 
actance of two-terminal networks over 
the LF and VHF ranges. This instru- 
ment has contributed to the develop- 
ment of the diffusion-based transistor, 
which in turn is playing a large part in 
America’s missile and satellite program. 
More recently, the instrument has ven- 
tured from the world of missiles and 
electronics to become one of the medi- 
cal world’s latest weapons against dis- 
ease. The University of Pennsylvania 
School of Medicine put the instrument 

to work measuring the electrical p rop  
erties of human and a,nimal tissue. 

In addition to the RX Meter, the 
1950’s brought about the redesign of 
both the low-frequency and high-fre- 
quency Q Meters, increasing the use- 
fulness and accuracy of these instru- 
ments, and the development of a Film 
Gauge for measuring film thicknesses. 

In the last 2 years, BRC has offered 
three new instruments to the electronic 
industry, all of which were announced 
at the 1959 IRE Show in New York. 
These instruments include a Q Com- 
parator designed to give instantaneous 
and simultaneous readout of Q, induct- 

ance, and capacitance on a cathode-ray 
tube, for production testing of compo- 
nents; a Signal Generator Calibrator 
which provides accurately calibrated RF 
output voltages for testing signal gen- 
erators and receivers and measures per- 
cent AM; and a new Signal Generator 
which provides improved frequency 
stability over a wide range. 

Expansion of Personnel 
and Facilities 

As the BRC instrument line in- 
creased, naturally the plant had to be 
enlarged and the number of employees 
increased. The original RFL building 

ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
120 San Pedro Drive, S.E. 
Telephone: AMherst 8-2478 
TWX: AQ 70 

ATLANTA, Georgia 
BlVlNS & CALDWELL, INC. 
3133 Maple Drive, N.E. 
Telephone: CEdar 3-7522 
Telephone: CEdar 3-3698 
TWX: AT 987 

BINGHAMTON, New York 
E. A. OSSMANN & ASSOC., INC. 
149 Front Street 
Vestal New York 
Telephbne: STillwell 5-0296 
TWX: ENDICOTT NY 84 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
50 Intervale Road 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

BOSTON, Massachusefts 
INSTRUMENT ASSOCIATES 
30 Park Avenue 
Arlington, Mass. 
Telephone: Mlssion 8-2922 
TWX: ARL MASS 253 

CHICAGO 45. Illinois 
CROSSLEY ASSOC., INC. 
271 1 West Howard Street 
Telephone: SHeldrake 3-8500 
TWX: CG 508 

DALLAS 9, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 lnwood Road 
Telephone: Fleetwood 7-1881 
TWX: DL 411 

2801 Far Hills Avenue 
Telephone: AXminster 9-3594 
TWX: DY 306 

DENVER, Colorado 
GENE FRENCH COMPANY 
3395 South Bannock Street 
Englewood, Colorado 
Telephone: Sunset 9-3551 
TWX: ENGLEWOOD COLO 106 

EL PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone: KEystone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHapel 6-5686 
TWX: HF 266 

HIGH POINT. North Carolina 
BIVINS & CALDWELL, INC. 
1923 North Main Street 
Telephone: Hlgh Point 2-6873 
TWX: HIGH POINT NC 454 

HOUSTON 5, Texas 
EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: Mohawk 7-2407 
TWX: HO 967 
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has been lost in a series of major addi- 
tions, the last of which was completed 
about eight years ago. The plant now 
has about 23,000 square feet of working 
area and houses all of the Company’s 
operations. Company personnel has 
grown from as few as six persons to a 
payroll which now includes more than 
one hundred and fifty employees. 

During the past year, the Company 
has taken two major steps which figure 
to play an important part in future ex- 
pansion. The first was the purchase of 
a 70-acre plant site on which a new 
plant will be erected in the very near 
future, and the second was joining 
forces with the Hewlett-Packard Com- 
pany to become a wholly-owned sub- 
sidiary of that firm. 

Quality Key to Success 
Over the years, BRC has built elec- 

tronic tools which have come to be 
recognized throughout the world for 
their superior quality. W e  attribute this 
success to the fact that our instruments 
receive expert care from the drafting 
boards to the final test department, and 
to our policy of building only those in- 
struments which have been pioneered 
in our own laboratories. 

HUNTSVILLE, Alaboma 
8lVlNS & CALDWELL, INC. 
Telephone: JEfferson 2-5733 
(Direct line to Atlanta) 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC. 
5420 North College Avenue 
Telephone: CLifford 1-9255 
TWX: I P  545 

LOS ANGELES, Californio 
VAN GROOS COMPANY 
21051 Costanso Street 
Woodland Hills, California 
Telephone: Dlamond 0-3131 
TWX: CANOGA PARK 7034 

ORLANDO, Florida 
BlVlNS & CALDWELL, INC. 
723 West Smith Avenue 
Telephone: CHerry 1-1091 
TWX: OR 7026 

OTTAWA, Onfario, Canada 
BAYLY ENGINEERING, LTD. 
48 Sparks Street 
Telephone: CEntrol 2-9821 

PHOENIX, Arizona 
GENE FRENCH COMPANY 
224 South Hinton Avenue 
Scottsdale, Arizona 
Telephone: Whitney 6-3504 
TWX: SCOTTSDALE, ARlZ 109 
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RICHMOND 30, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point Avenue 
Telephone: ELgin 5-7931 
TWX: RH 586 

ROCHESTER 10, New York 
E. A. OSSMANN & ASSOC., INC. 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Los Altos Avenue 
Los Altos, California 
Telephone: WHitecliff 8-7266 

ST. PAUL 14, Minnesota 
CROSSLEY ASSOC., INC. 
842 Raymond Avenue 
Telephone: Mldway 6-7881 
TWX: ST P 1181 

SYRACUSE, New York 
E. A. OSSMANN & ASSOC., INC. 
2363 James Street 
Telephone: HEmpstead 7-8446 
TWX: SS 355 

TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
Hunt Street 
Aiax, Ontario, Canada 
Telephone: AJax 118 
(Toronto) EMpire 2-3741 
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Aircraft Navigation and Landing Sys
tem, BRC was asked to develop test
equipment of unusual accuracy for test
ing several of the receivers involved. A
signal generator for navigation equip
ment was produced in 1947. to be fol
lowed a shorr time later by an equip
ment for lesting receivers used in landing
aircraft. A more advanced model of the
"Glide Path" testing e<{uipment for the
landing of aircraft was produced in
1952,

The Produdive 1950's
In the last decade, the Company's ef·

forts have been directed wward the
development of other self-contained,
broad·band, flexible instruments, The
RX Meter, introduced in 1953, meas
ures parallel resistance and parallel re
actance of two-terminal networks over
the iF and VHF ranges. This inStru·
ment has contributed to the develop·
ment of the diffusion-based transistor,
which in rum is playing a large pan in
America's missile and satellite program,
More recencly, lhe instrument has ven
tured from the world of missiles and
electronics to become one of the medi·
cal world's latest weapons against dis
ease. The University of Pennsylvania
School of Medicine pUt the instrument

to work measuring the electrical prop
erties of human and animal tissue.

In addition to the RX Meter, the
1950's brought about the redesign of
both the low-fre<{uency and high·fre
quency Q Meters, increasing the use
fulness and accuracy of these instru
ments, and the development of a Film
Gauge for measuring film thicknesses.

In the last 2 years, BRC has offered
three new instruments to the electronic
industry, all of which were announced
at the 1959 IRE Show in New York.
These instruments include a Q Com
parator designed to give instantaneous
and simulraneous readout of 0, induct

ance, and capacitance on a cathode-ray
tube, for production testing of compo
nents; a Signal Generator Calibrator
which provides accurately calibrated RF
OutpUr voltages for testing signal gen
erators and receivers and measures per
cent AM; and a new Signal Generator
which provides improved frequency
stability over a wide range.

Expansion of Personnel
and Facilities

As the BRC instrument line in·
creased, naturally [he plant had to be
enlarged and the number of employees
increased. The otiginal RFL building

has been lost in a series of major addi
tions, the laSt of which was completed
abollt eight years ago. The plant now
has about 23,000 square feet of wotking
area and houses all of the Company's
operations. Company personnel has
grown from as few as six persons ro a
payroll which now includes more than
one hundred and fifry employees.

During the past yeat, the Company
has taken tWO major steps which figure
to play an important part in future ex·
pansion. TIle first was the purchase l)f
a 70-acte plant site on which a new
plant will be erected in the very near
future, and the second was joining
forces with the Hewlett-Packard Corn·
pany to become a wholly-owne<i sub
sidiary of that firm.

Quality Key to Success
Over the years, ERC has built elec

tronic tools which have come to be
recognized throughOut the world for
their superior quality, We atttibute this
success to ,he fact that our inSlruments
receive expert care from the drafting
boatds to the final tcst department, and
to our policy of building only those in
struments which have been pioneered
in our own laboratories.
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The Boonton Radio Corporation 
Transistor Test Set Type 275-A is an 
instrument for measuring small signal 
parameters of a transistor. The common 
base short circuit current gain Alpha 
(hfb), the common emitter short circuit 
current gain, Beta (hfe) ,  and the tran- 
sistor input impedance common base 
with the output short circuited (h,b) are 
measured. The instrument differs from 
the conventional transistor test set in 
that the parameters measured are de- 
termined by the hoJition of a linear 
potentiometer required to produce a 
minimum reading on a sensitive detec- 
tor. It does not therefore require&e 
calibration of, nor depend upon t h e  
constancy of level of the ac signal ap- 
plied for measurement purposes. 

Reference to the photograph (Fig- 
ure 1 )  reveals the unit as a self con- 
tained, line powered, bench type instru- 
ment with well placed, easily operated 

A Transistor Test Set 
RUCHAN BOZER, Deuelopment Engineer 

JOHN P. Van DUYNE, Engineering Manager 

controls. 
The Block Diagram ( in Figure 2 )  

shows the basic components of the 
275-A. It contains, beside the basic 
measuring circuit, which is the heart 
of the instrument, a simple 1-kc oscil- 
lator, a sensitive detector ol wide dy- 
namic range, and three power supplies. 

Theory of the Measurement 
The Null techniques used in measur- 

ing Alpha and Beta in the 275-A Test 
Set were devised by D. E. Thomas of 
the Bell Telephone Laboratoriedl). The 

( 1 ) These null techniques are incorporated 
in the Type 275-A Transistor Test Set under 
Western Electric License. 
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Figure 1. Tronsisfor Test Set Type 275-A. 

equivalent circuit of the basic measure- 
ment is illustrated in Figure 3 .  When 
the potentiometer, which is linear, is 
moved to a position where the signal 
voltage between the base of the tran- 
sistor and ground is a minimum, the 
small signal Alpha of the transistor is a 
linear function of the angular position 
of the potentiometer. 

If the circuit of Figure 3 is modified 
to the circuit of Figure 4 in which R:! is 
a fixed resistance and the potentiometer 
(RT)  is now used as a variable resist- 
ance, the small signal p of the transistor 
is a linear function of the angular posi- 
tion of the potentiometer. Finally, h,b is 
measured in the variable ratio arm 
bridge shown schematically in Figure 5. 
The potentiometer (R1+ Rz) of the 
measuring circuit provides the two vari. 
able ratio arms, and the remaining arms 
are the standard resistance R, and the 
unknown resistance hlb. The potentio. 
meter position required to make V 

minimum is then calibrated in terms of 
the resistance value of hib. 

Specifications 
Now that the basic principle of opera- 

tion has been explained, let us consider 
the range of values over which the para- 
meters m, p, and hib may be measured. 
Note particularly that these parameters 
may be measured down to 0.01 ma. 
emitter current. 

ESTIMATE THE Q 
WIN A Q METER 

Yes, that is  all that is necessary to win 
the factory reconditioned Type 160-A Q 
Meter which will be on display in the BRC 
exhibit a t  the IRE show to be held in the 
New York Coliseum from March 21st 
through March 24th. The Q Meter will be 
awarded to the person whose estimate is 
closest to the actual measured Q of the 
coil to be displayed with the Q Meter. Com- 
plete information will be furnished by en- 
gineering personnel on duty in BRC Booths 
3101 and 3102. 

BOO NION RA0 I 0 COR P0 RAliON BOD NION, NEW JE RSEY

A Transistor Test Set
RUCHAN BOlER, Development E1lgineer

JOHN P. Van DUYNE, Eng;'leeritlg Matlager

t.erms of

ESTIMATE THE Q
WIN A Q METER

v... 11001 io "II 11001 i. "OC:H"''l'' 10 .......
lho fo<lo'l" .HOorel;,;...... Ty.,. 160-04 Q

MoM' whido win ... "n di.p"" i. th. IIC
...10;0;1 ,,' the liE ,h."" 10 ... held i.. 110.
N.. yctrlc c.li....... f,o... ",...10 210t
th.ovgh Me",h 2<IIth. Tho Q Motw ""iU ...
0""• ......, 10 tho pen... ....no.. ..';_too to
<Jooo.1 10 .... oetuol ..._ ...rod Q of 110.
...1 I dioplo,od ""ilh th. Q Molet. Co.....
ploN i..f ,;•• win bo tu"........ by .-
• ....,;•• petIOIO.... _ dllty in aRC Ioothtc
)101 oorel 3102.

Specifications
Now thai the b.1.sic principl.e of open

cion has been explained, let us consider
the range of values over which the para
meters CIC, fl, and hib may be measured.
NOte particularly that these parameters
may be measured down to 0.0 I rna.
emitter current.

flgll'. I. r,,, .. ,i.,o, To., Sol rypo 275·04.

minimum is then calibrated in
the resistance value of hib-

Jf me circujt of Figure 3 is modified
to the circuit of Figure 4 in which R~ is
a fixed resistance and the potentiometer
(R t ) is now used as a variable resist
ance, the small signal fJ of the transistor
is a linear function of the angular posi
tico of the potentiometer. Finally, h b is
measured in the variable ratio arm
bridge shown schematically in Figure 5.
The pcxemiometer (R I +R7 ) of the
measuring circuit provides the twO vari
able ratio arms, and the remaining arms
are the ~dard resisranc.e R. and the
unknown resislanc.e h,tp Th.e pexmtio
meter posilion required 10 make V a

equivalent circuit of the basic measure·
ment is illustrated in Figure 3. When
the potentiometer, which is linear, is
moved to a position where the signal
voltage between the base of the tran·
sistor and ground is a minimum, the
small signal Alpha of the transistor is a
linear function of the angular position
of the potentiometer.

YOU WilL FIND .•.

(1) These null techniques .rt mOOrp<)n.rN
;n the Trpt 2n·A Tn.ns'stor Ttst Stt under
Wtsltrn EIK'uic Lictnst.

" r.o.li.,., r•., Sol •...•••.••.•.. J

N."" Ho"isr"';,," A'" ro., So,..... 5
AN UHIO_, 7

1_",•• Itodi. '10... h,.......... I

The Boomcn Radio Corpora lion
Transistor Test Set Type 275-A is an
instrument lor measuring small signal
parameters of Ii. lr2nsisror. The common
base short cifcuit current gain Alpha
(hlb), (~commonemitter shon circuit
curlem g;ain, 8etIl (h,.). and the eran
,ismf inp\J( impedance common base
with the OUtput short circuited (h,b) are
measured. The instrument differs from
the cOlwcmional traminor tt5r set in
that the pal'llfIletcrs measured are de
termined by the position of a linear
potentiomeler required to produce a
minimum reading on a sensitive detec
tor. h does not therefore require (he
calibration of, nor de~nd upon thC
constancy of level of the ae signal ap
plied for measurement purposes.

Reference to the photograph (Fig
ute I) reveals the unit as a self coo
rained, line powered, bench type insml
mem with well placed, easily operated
controls.

The Block Diagmm (in Figure 2)
shows the basic components of the
275-A. It conrnins, beside the basic
measuring circuit, which is the heaf(
of the instrument, a simple l·kc oscil
IntOr, a sensitive detector of wide dy
namic range, and three power supplies.

Theory of the Measurement
The Null techniques used in measur

ing Alpha and Beta in the 275·A Test
Set were devised by D. E. Thomas of
the Bell Telephone Labonnories(l). The
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Alpha (htb): 
RANGE: 0.001 to 0.990 or 0.9000 to 0.9999 

ACCURACY: for f a = 500 kc. (*)  
> 

Better than I l %  for a from 0.100 to 
0.990 
Better than 20 .5% for a from 0.9000 
to 0.9999 

for any a % error = 2 0.1 + - ( 3 
Beta (ht.): 

RANGE: 1 to 200 

ACCURACY: f2% from 7 to 200 for f a  = 
500 kc. (*) 

RANGE: At xO.1; 0.30 to 30 ohms 

> 

h,b: 

At x1.0; 3.0 to 300 ohms 
At x10.0; 30.0 to 3000 ohms 

ACCURACY (stated for linear resistors): 
-c3% 

Internal Power Supply: 
EMITTER CURRENT ( I E ) :  0.01 to 100 ma. in 10 
overlapping ranges 
COLLECTOR VOLTAGE (VCS): 0 to 100 volts :" 
6 overlapping ranges 

IE = 5 amperes max. (for Alpha only) 

100 ma. in any case. 

External Power Supply Capability: 

Note: The base current should not exceed 

VCS: not to exceed 100 volts dc 
Meter Accuracy: 11%% full scale 
* f a  = - the frequency for which 

1 la1 = - K O ,  

d2 
where a ,, = forward short circuit current gain, 
grounded base at very low frequency. 

It can be seen from this brief outline 
that the instrument provides maximum 
accuracy in the range of maximum in- 
terest, namely values of a from 0.9 to 
0.9999, and sufficient precision ( 4  sig- 
nificant figures) in Alpha to reliably 
detect small but important Alpha varia- 
tions with changes in bias and device 
characteristics. 

Applications 
An instrument with the above meas- 

uring capabilities will prove equally use- 
ful to engineers engaged in circuit de- 
sign, device development and produc- 
tion, and active network analysis and 
synthesis. 

Fast, simple and accurate measure- 
ments of transistor small signal para- 

- 
MEASURING 

CIRCUIT 

0-100 VOLTS 
IN 6 RANGES SUPPLY 0 01 TO IOOYA 

IN 10 RANGES 
. ~- 

Figure 2. Block Diagram - Transistor Test Set 
Type 275-A. 

meters over the operating range required 
for a particular application are impor- 
tant to the successful design of a large 
percentage of transistor circuits. Further- 
more, these parameter measurements 
and their relationship to circuit perform- 
ance are essential in formulating sound 
device parameter requirements. When 
device requirements are formulated on 
a sound basis, the chances of having 
equipment give satisfactory performance 
in mass production with transistors pro- 
duced on the basis of these requirements 
are greatly improved. Also, in the case 
of failure to meet prototype design ex- 
pectations, the search for the cause of 
the failure is facilitated. 

When V = 0, i,R1 = i, (R1+ Rz) 
R1 - - Ri 

R i + R z  RT 
so a = - 

if R1+ Ra = RT 
Figure 3. AC Equivalenf Circuit - 

Alpha Measurement. 

Current Gaia and Ampli f ier  Linearity 
One of the simplest examples of the 

use of the BRC Transistor Test Set Type 
275-A is in connection with the design 
of a fully loaded common emitter tran- 
sistor audio amplifier stage. Since the 
small signal common emitter current 
gain, iOu+/i," is given by 

then any change in p over the range of 
bias covered by the transistor load line 

will result in nonlinearity of amplifica- 
tion. The magnitude of this nonlinearity 
will be quantitatively related to the de- 
gree of departure of P from constancy. 
Now if we look at the variation of P 
as a function of the corresponding varia- 
tion in a with operating bias, we find 
that 

d' 

dp 
P 

Equation ( 2 ) shows that the common 
emitter current gain nonlinearity will 
be P times the common base current 
gain nonlinearity. 

When v = 0, i,RT = a i, (RT + R3) 
SO = RT/RT + Ra 

E RT but p = - = - 
1-a R3 

Figure 4. AC Equivalenf Circuit - 
Beta Measurement. 

Figure 6 which shows a comparison 
of P change as compared to a change 
in a particular transistor over a wide 
range of operating bias, graphically il- 
lustrates the considerably greater change 
in P than in a in a high a transistor. 
By precise measurements of a or P 
with the 275-A, across the desired oper- 
ating range of bias, limits on a or P 
variation can be set to meet the required 
linearity of the application. 

Next consider the case in which we 
wish to improve the common emitter 
gain linearity, or increase the common 
emitter gain-bandwidth, by the use of 
collector-to-base feedback. The necessary 
reduction in gain to obtain the desired 
improvement in linearity or increase in 
band width and the required collector- 
to-base feedback resistance can be easily 
determined if the small signal values of 
a or P are known (Reference 1) .  

4 
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(2 )

d
i~

',"
i",f

""
dPo,-p-

Equation (2) shows that the common
emitter current gain nonlinearity will
be f3 times the common base current
gain nonlinearity.

F;gu.e 4. AC £quivolcnl eireuil
8.'0 Mea...,emenl.

When V=O, i.Rt = <:c i. (Rr +R.1 )

so IX = RT/Rr +Ra
« R,

butf3=--=-1- <:c R.1

Figure 6 which shows a comparison
of f3 change as compared to a: change
in a particular transistor over a wide
range of operating bias, graphically il
lustrates the considerably greater change
in f3 than in <:c in a high <:c transistor.
By precise measurements of <x or f3
with the 275-A, across the desired oper'
aring range of bias, limits on a: or f3
variation can be set to meet the required
linearity of the application.

Next consider the case in which we
wish to improve the common emitter
gain linearity, or increase the common
emittcr gain-b.1ndwidth, by the use of
coilenor-tO'basc feedback. The necessary
redu([ion in gain to obtain the desired
improvement in linearity or increase in
band width and the required collector
to-base feedback resistance can be easily
determined if the small signal values of
<:c or f3 are known (Reference I).

will result in nonlinearity of amplifica
tion. The magnitude of this nonlinearity
will be quantitatively related to the de
gree of departure of f3 from constanq.
Now if wc look at the variation of f3
as a function of the corresponding varia
tion in a: with operating bias, we find
that

( 1)
1· "

ie (R 1 + R~)

R,
R,

=p=

ligu,e 3. At £'luivolenl Ciltuil 
Alp~" Mc",u.emenl.

Curretlt Gain and Ampljfiff Linearity
One of the simplest examples of the

use of the nRC Transistor Test Set Type
275-A is in connection with the design
of a fully loaded common emitter tran
sistor audio amplifier stage. Sincc the
small signal common emitter current
gain, i""t/i1o is given by

then any change in # over the rangc of
bias covered by the transistor load line

Figu.e 2. 810ck Dioll ...m - T.ansi"o. fe" Sel
Type 275_A.

meters over the operating fllnge required
for a particular application are impor
tant to the successful design of a large
percentage of transistor circuits. Further
more, these parameter measurements
and their relationship to circuit perform·
ance are essential in formulating sound
device parameter requirements. When
device requirements are formulated on
a sound b.1.Sis, the chances of having
equipment give satisfactory performance
in mass produClion with transistors pro
duced on the basis of these requirements
are greatly improved. Also, in the case
of failure to meer prototype design ex
pect:Hions, the search for the cause of
the failure is facilitated.

±0.5% for 0: f.om 0.9000

0: % e"o.for ony

10 0.990 Or 0.9000 '0 0.9999

>
ACCURACY, for f 0: = SOC h. (")

Bene. Ihon ±1% for 0: from 0.100 10
0.990
Be"e, Ihon
10 0.9999

If (an be seen from this brief outline
that the instrument provides maximum
accuraq in the range of maximum in
terest, namely values of <:c from 0.9 to

0.9999, and sufficient precision (4 sig
nificant figures) in Alpha to reliably
detect small but important Alpha varia
tions with changes in bias and device
characteristics.

Applications
An instrument with the above meas'

uring capabilities will prove equally use
ful to engineers engaged in circuit de
sign. device development and produc
tion, and aClive nerwork analysis and
synthesis.

Fast, simple and accurare measurc
mcllts of transistOr small signal par:!-

ACCURACY: ±2% f,om 7 10 200 for fIX
500 ke. (0)

h••:
RANGE, AI ,,0.1, 0.30 10 30 ohm.

At ,,1.0, 3.0 10 300 ohm.
At ,,10.0, 30.0 10 3000 ohm.

ACCURACY (.Ioled for line". re,i.tonj,
±3~

lnle.n,,1 Power Supply,
EMITTfR CURRENT (Itl: 0.Q1 10 100 mO. in 10
ove.lopping ronse.
COLLECTOR VOLTAGE (Veo); 0 10 100 voir. in
6 ove,lopping ,onge.

Exle,n,,1 Power Supply CopobHily,
h = 5 ompere. mox. (for Alpho only)

Nole, The bout currenl .hould nol exceed
100 mo. in ony co.e.

Veo, nol 10 exceed 100 voir. de
Mele. A«urocy' ±lYo% full .cole
"f 0( = Ihe frequency for which

- 1

1"1~,j,«·
whe,e <x. = forword .ho,1 drcuil <urrenl goin,
g.ounded bo.e 01 very low frequency.

THE BRC NOTEBOOK iJ published
four timcs a )'car b,! Ihe Boomon Radio
Corporation. II is mailed f,ee of charge
10 uienlisu, engineu/ ,md othe, inlH·
eiled per/olu in the communiuJ/io,,/
a"d eleCironiC/ fieldJ. The contenls ma'!
he rep,i"ted onl,! wilh wrinen permis
/io" f,om Ihe editor. Your commenlS
and /uggellionJ are wehome, "nd
/hould be addressed 10: Edito" THE
BRC NOTEBOOK, Boonton R<ldiQ
CO,po,tllio", Boonto", N. J.

>
Bet" (h,o)'

RANGE: 1 to 200

Alpho (h,.1:
RANGE, 0.001
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These values can be rapidly determined 
on the 275-A Test Set. 

Carrent Gain - Switching Trunsistors 
In switching applications it is desir- 

able that transistors maintain a high 
value of a as close as possible to cut- 
off; i.e., low emitter current and maxi- 
mum collector voltage and also, into the 
saturation region, i.e., low collector volt- 
age and high collector current. The 
Transistor Test Set, Type 275-A be- 
cause of its ability to measure at ex- 
tremely low emitter currents, (0.01 ma.) 
can give quick answers to a or /3 
variation in the cutoff region. Likewise 
the saturation region variation can be 
studied. In the event of serious falloff 
in cc in the saturation region, the source 
can be traced to either internal gen- 
erator current gain magnitude fall off 
at high current densities, or robbing of 
collector junction voltage by high in- 
ternal series collector resistance. Thus 
many of the uncertainties in tracing 
switching transistor troubles on a large 
signal basis only can be eliminated. 

Input Resistance 
One of the most useful functions of 

the Transistor Test Set Type275-A is to 
study the effects of the often neglected 
parameter hib. The 275-A measures low 
frequency (1 kc) hib since this is ef- 
fective in locating excessive series emitter 
resistance, which is frequently the cause 
of trouble in transistors. h,b (the input 
impedance of the transistor common 
base with the collector shorted to the 
base) is given by 

where re is the junction diffusion resist- 
ance. At room temperatures this is given 
approximately by n26/IE, where n is 
usually unity for germanium, but may be 
as large as 2 for silicon, and IE is the dc 
emitter current in milliamperes. 
r: is any residual series emitter resistance 
due to contact or spreading resistance. 
r b  is the base resistance. 
cc0 is the low frequency magnitude of 
alpha. 

Since the transistor is essentially a 
power operated device, the power dis- 
sipated in r: of ( 3 )  usually represents 
a loss in gain. 

Now how can the Transistor Test 
Set 275-A be used to detect this high 
value of rJ, if it exists? It is reasonable 
to assume that rk and (1- a o) rb are 
constant over the operating range of 
interest. Then if hib is measured at two 
or more values of IE in the anticipated 

i 

R 
RP 

Where h;b = R, X 

at null, V = 0 
Figure 5. AC Equivalent Circuit - 

h , b  Measuremenf. 

pling network is illustrated in Figure 8. 
In this circuit, Q is given by wL/R2 or 
l/wCR2 at band center frequency. R2 
is the resistance component of hib (in 
this example, taken as the measured low 
frequency value of hib), and R1 is the 
impedance transformed value of R2 fac- 
ing the collector of the driving transistor 
at resonance and given by: 

R1= Q2Rz = ( oL) 2/R2 = ( oL) 2/hib 

Now suppose that transistor #1 of 
Figure 7 with an emitter current bias 

I .O 

0.99 

0.98 - 
3 
L - 
d ' 0.97 

0.96 

0.95 
0.01 

LACK OF SMOOTHNESS 
IN b DUE TO SMALL 

I 

GRAIN VARIATION IN a I I / 

0. I 1.0 
IE MA. 

IO I oc 
- 

Figure 6. Beta and Delfa Versus IE 

range of use and these values are linearly 
plotted as a function of I&, a straight 
line connecting these points will have 
an intercept on the 1 /1~  = 0 axis equal 
to r J+  ( l -ao)  rb. Since ( l-ao) rb is 
expected to be very small for high a, 
transistors, the major portion of large 
valued intercepts will in general be due 
to high r!. The fact that all transistors 
do not have a low value of rC is shown 
in Figure 7, where rJ has been investi- 
gated by the above technique for two 
different transistors using the 275-A 
Test Set. Transistor #2 has an intercept 
of 1.5 ohms which indicates that rC is 
quite low for a transistor of this power 
level. Transistor #I on the other hand 
has an intercept of 20 ohms indicating 
a high value of rJ. 

In those applications where power 
gain is not important, this high value of 
r! may be negligible. Let us, however, 
consider the seriousness of large r! in 
the design of a single mismatched IF 
amplifier stage using single tuned re- 
actance network coupling (Reference 
2 ) . The single tuned interstage cou- 

I60 

I40 
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100 

: 80 

.a 
z 

60  

40 

20 

0 I 2 3 4 5 

~'IE ma. 

Figure 7. hit. Versus l / l ~  For Typical Transistors. 
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piing network is illustrated in Figure 8.
In this circuit, Q is given by wLlR2 or
IIwCR2 at band center frequency. R2

is rhe resistance component of h b (in
this example, raken as the measured low
frequency value of h b), and R 1 is me
impedance transformed value of R2 fac
ing the collector of the driving transistor
at resonance and given by:

R1 =Q2R2 = (WL)2/R~ = (WL)2/h'b

Now suppose that transistOr # I of
Figure 7 with an emitter current bias

E~
Y

t=I

J~'u'. •- •
",

-

range of use and these values are linearly
plotted as a function of 1liE, a srraight
line connecting these points will have
an intercepr on rhe tilE = 0 axis equal
to r:+(I-o: o) rb. Since (1-0: 0 ) rb is
expected to be very small for high 0: 0

uansistors, the major portion of large
valued intercepts will in general be due
to high r:. The fact that aU transistors
do not have a low value of rl is shown
in Figure 7, where rl has been invesri
gated by the above technique for twO

different transistors using the 275-A
Test Ser. Transistor #2 has an intercept
of 1.5 ohms which indicates that r~ is
quite low for a transisror of this power
level. Transistor #1 on rhe other hand
has an intercept of 20 ohms indicating
a high value of r/.

In those applications where power
gain is not important, this high value of
rl may be negligible. Let us, however,
consider the seriousness of 11Irge r~ in
the design of a single mismatched IF
amplifier stage using single tuned re
aCtance network coupling (Reference
2). The single tuned inrersrage cou-

TIleS<' values can be rapidly determined
on the 275-A Tesl Set.

Current Gain - Switching '[,ansii/orr
In switching applications it is desir

able thar transistors maintain a high
value of 0: as close as possible to CUt
off; i.e., low emitter current and maxi
mum collector voltage and also, into the
sarurarion region, i.e., low collector volt
age and high coHector current. The
Transistor Tesr Set, Type 275-A be
cause of its abiliry to measure at ex
tremely low eminer currenrs, (0.01 rna.)
can give quick answers (0 0: or ~

variation in the cutoff region. Likewise
the satur.ltion region variation can be
studied. rn the event of serious falloff
in 0: in {he saturation region, the source
can be traced to either internal gen
erator current gain magnitude fall off
ar high eurrem densities, or robbing of
collector junction voltage by high in
ternal series collector resistance. Thus
many of the uncertainties in tracing
switching uansistor troubles on a large
signal basis only can be eliminated.

Input Reristance
One of rhe most useful funerions of

the TransistOr Test Set Type275·A is to
study the effects of the often neglecred
parameter h;b' The 27'j-A measures low
frequency (l kc) h,b since this is ef
fective in locating excessive series emitter
resistance, which is frequently the cause
of rrouble in tnnsistors. h;b (the input
impedance of the transistor common
base with the collectOr shoned to lhe
base) is given by

hib=r:+r.+ (l-O:o)rb (3)

where r. is the junerion diffusion resist
ance. At room temperatures this is given
approximately by n26/IE, where n is
usually unity for germanium, but may be
as large as 2 for silicon, and h is the de
emitter current in millillmperes.
r: is any residual series emitter resistance
due to contaer or spreading resistance.
rb is the base resistance.
0: 0 is the low frequency magnitude of
alpha.

Since the transistor is essemially a
power operate<! device, the power dis
sipated in r~ of (3) usually represents
a loss in gain.

Now how can the Transistor Test
Sec 275-A be used to decect this high
value of r/, if it exists? It is reasonable
to assume rhat r~ and (I- 0: 0) rb are
conStant over rhe opcrating range of
interest. Then if h,b is measure<! at two
or more values of I~ in the anticipated

3
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of 2 ma. were used in the common base 
connection with this circuit. R2 (bib) 
would be 34 ohms whereas if it were 
not for the high values of rJit would be 
of the order of 14fl or approximately 
one-half. Therefore half the power into 
the transistor is lost by dissipation in a 
passive resistor. Furthermore, if we had 
a fixed production circuit and the hit, 
of the transistor varied from 15n to 
301R we would have a four-to-one varia- 
tion in power gain and a two-to-one 
variation in band width. 

Nothing has been said about hie, the 
common emitter input impedance. This 
is given by 

For high oc transistors at frequencies 
below /3 cutoff the second term of (6 )  
is usually the larger term. Therefore rQ 
is often as important in the common 
emitter connection as it is in the com- 
mon base connection. 

Many transistor circuits will require 
at least a reasonably good control of hib, 
if not an approach to the minimum 
value obtainable when rkvanishes. It is 
apparent from the above discussion that 
some of the frustration and failure which 
might be experienced in designing tran- 
sistor circuits can be avoided by a study 
of the effect of hib on circuit perform- 
ance, followed by suitable measurements 
of hit, on the Transistor Test Set Type 

Description 
There are several circuit features in 

the 275-A, worthy of note, that have 
not yet been described. 

Expanded A lpha  Range 
In the specification it was seen that 

an expanded Alpha range giving four 
significant figures is provided. This is 
achieved, simply and stably, as shown 
in Figure 9. The adjustment R, is re- 
quired to correct for unit-to-unit varia- 
tions in the total resistance of the linear 
measuring circuit potentiometer, RT. 

Transistor Protection 
An important item to the user of the 

275-A is the protection provided against 
accidental burnout of the device under 
test. First, each current and voltage 
range is limited to a maximum output 
value less than twice the full scale value 
of that range. Secondly, a means is pro- 
vided to check the polarity of the tran- 
sistor being tested in a safe manner. This 
operates as follows: The switch labeled 
SET-CHECK-MIN (lower left of main 

275-A. 

TO COLLECTOR 1 3  
0- 

Figure 8. Single Tuned Inferstage Coupling 
Transisfor. IF Amplifier. 

dial in Figure 1 )  is moved to SET, 
disconnecting the transistor socket, 
shorting the IE supply, and open circuit- 
ing the VcB supply. The desired IE and 
VCB are set by manipulation of the proper 
range switches and coarse and fine con- 
trols. The SET-CHECK-MIN switch is 
moved to CHECK and the METER 
switch is set at IE. If the emitter current 
does not drop below 1/2 of the value set, 
the device is correctly poled. If polarity 
is not correct, the current will drop 
nearly to zero. If polarity is correct, 
moving both switches to MIN connects 
the transistor and permits a minimum to 
be achieved by rotating the main dial. 

Oscillator 
The oscillator is a simple RC Wien 

Bridge type with a fixed frequency of 
1 kc. The output, which is coupled to 
the measuring circuit through an audio 
transformer of 20: l  ratio, has an in- 
ternal impedance of 5 ohms and a volt- 
age output of 0.035 volts. Selection of 
reliable components and use of suffi- 
cient feedback make this a stable, 
trouble-free signal source. The source 
impedance is suitably varied by series 
resistors selected by the cc , h,b, p, range 
selector switch, to keep the peak ac-to-dc 
ratio sufficiently less than unity, to avoid 
troublesome harmonic generation. The 

harmonic generation obscures the mini- 
mum at balance and excess even order 
harmonics will cause a bias shift. 

Detector 
This circuit consists of two amplifiers, 

a cathode follower, and averaging recti- 
fier. The resulting dc output is applied 
to the meter and a dc voltage is fed back 
to the grids of each stage as in automatic 
gain control, to extend the dynamic 
range of the indicator and permit a 
highly sensitive indication of the mini- 
mum, without the need for auxiliary 
level controls. Feed back of dc also pre- 
vents any possible damage to the meter 
by the large signal at the input of the 
detector when the potentiometer arm is 
far off the balance point. 

\> 

Power Sgpplies 
There are three power supplies: two 

are used for the transistor emitter and 
collector biasing, and the third is used 
to supply the internal oscillator and the 
detector. 

The emitter power supply has a very 
high output impedance and the follow- 
ing ranges: 0-0.1, 0.2, 0.5, 1, 2, 5 ,  10, 
20, 50, and 100 ma., covering most of 
the low and medium power transistors. 
The control that varies the emitter cur- 
rent over the entire range has both 
coarse and fine sections, permitting the 
user to set the desired emitter bias very 
precisely. Because of the high internal 
resistance, the bias magnitude, which 
is set by shorting the emitter and base 
terminal for transistor protection, is not 
affected when the transistor is placed in 
the circuit Also, inserting different tran- 
sistors has no effect on the IE selected. 
Since the ac output impedance is many 
times the dc resistance, the shunting ef- 
fect on the measuring circuit is neglig- 
ible. Figure 10 gives a better understand- 
ing of the IE power supply. Current 
through the tube is adjusted from 0.01 
ma. to 100 ma. by the variable cathode 
resistor, Rc. The emitter current ranges 
below 5.0 ma. are obtained by a current 
divider in the plate circuit, since the re- 
sulting power dissipation is very low. 
The breakdown diode (2 in Figure 8 )  
protects the emitter-base junction of the 
transistor by limiting the high open- 
circuit voltage that develops because of 
the large impedance of the IE supply. 

-...' 

Rv RT The collector power supply is an elec- 
tronically regulated constant voltage 
source with ranges of 0-2, 5 ,  10, 20, 50, 
and 100 volts. Like the emitter power 

selection of the desired VcB. A current 

R'- 
- R~ + R~ 

Rr= 9 R /  
Figure 9.  AC Equivalent Circuit-Expanded Alpha Supply this also allows easy, accurate 
Scale. 
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figu,e 9. AC f"u;vp/elll C;,(u;I-ExpPII<1'ed Alpha
S<ale.

figu,,, 8. $;lIgl. runed 11I'."'.g. Couplillg
r,oll.i,to,. 11 Amplifi.,.

harmonic generation obscures the mini
mum at ~alance and excess even order
harmonics will cause a bias shift.

Detector
This circuit consists of twO amplifiers,

a cathode follower, and averaging recti
fier. The resulling dc outpur is applied
to rhe meter and a dc voltage is fed back
to the grids of each stage as in autOmatic
gain control, to extend Ihe dynamic
range of the indicator and permit a
highly sensitive indication of the mini
mum, without the need for auxiliary
level comrols. Feed back of dc also pre
vems any possible damage to the metcr
by the large signal at the input of the
detectOr when the potentiometer arm is
far off the balance poim.

Power Supp/ieJ
There arc three power supplies: tWO

are used for the rransistor eminer and
collector biasing, aod the rhird is used
to supply the imernal oscillator and rhe
detector.

The eminer power supply has a very
high Output impedance and the follow
ing ranges: 0-0.1, 0.2, 0.5, I, 2, 5, 10,
20, 50, and 100 rna., covering mOSt of
the low and medium power uansisrors.
The comrol rhat varies the eminer cur
rent over the emire range has both
C(mrS(' and fine sections, permitting the
user 10 set the desired emitter bias very
precisely. Because of lhe high internal
resistance, the bias magnitude, which
is set by shorting the emitter and base
rerminal for rransistor protection, is not
affected when the transistor is placed in
the circuit Also, inserting different tran
sistOrs has no effect on tbe h selected.
Since the ac outpur impedance is many
times the dc resistance, the shunting ef
fect on the measuring circuit is neglig
ible. Figure 10 gives a better undersrand·
ing of the h power supply. Current
through the rube is adjusted from 0.01
rna. to 100 rna. by the variable cathode
resistor, Re. The emirrer currem ranges
below 5.0 ma. are obtained by a current
divider in the plate circuit, since rhe re
sulting power dissipation is very low.
The breakdown diode (2 in Figure 8)
protects the emitter-base junction of rhe
tr.IIlSiSIOr by limiting the high open
circuit voltage that develops because of
rhe large impedance of the Ie supply.

The collector power supply is an elec
tronically regulated constant voltage
source with ranges of 0-2, 5, 10,20, 50,
and 100 volrs. Like the emitter power
supply this also allows easy, accurate
selection of the desired VCR. A currem

dial in Figure I) is moved to SET,
disconnecting the transistor socket,
shoning the Ie supply, and open circuit
ing rhe VCft supply. The desired Ie and
V CB are set by manipularion of the proper
range switches and coarse and fine con
trols. The SET-CHECK-MIN switch is
moved to CHECK and the METER
switch is set ar Ie. If the emitter curren!
does not drop below h of the value set,
the device is correctly poled. If polarity
is nor correct, the current will drop
nearly to zero. If polarity is correa,
moving both switches to MIN connects
the transistor and permirs a minimum to
be achieved by rorating the main dial.

OJwlator
The oscillatOr is a simple RC Wien

Bridge type wirh a fixed frequency of
1 kc. The output, which is coupled to
[he measuring circuir through an audio
transformer of 20: I ratio, has an in
ternal impedance of 5 ohms and a voli
age OutpUt of 0.035 volts. Selection of
reliable- components and use of suffi·
cient feedback make rhis a stable,
trouble-free signal source. lbe source
impedance is suitably varied by series
resistors selccted by the a:, hib, [3, range
selenor switch, to keep rhe peak ac-tO-dc
ratio sufficiently less than unity, to avoid
troublesome harmonic generation. The

RvR,
Rv+R1

Rr=9R(

For high a: transistors at frequencies
below [3 cutoff the second refm of (6)
is usually rhe larBer rerm. Therefore rl
is often as important in rhe common
eminer connection as it is in rhe com
mon base connection.

Many transistor circuits will require
at least a reasonably good conrrol of hit>.
if not an approach to the minimum
value obtainable when r/ vanishes. It is
apparent from the above discussion rhat
some of the frustration and failure which
might be experienced in designing tran
sistor circuits can be avoided by a study
of rhe effect of h'b on circuit perform
ance, followed by suitable measurements
of h;b on rhe Transistor Tesr Set Type
275-A.

Description
There are several circuit features in

rhe 275-A, worthy of note, rhar have
nor yet been described.

Expanded Alpha Range
In the specificarion ir was seen rhat

an expanded Alpha range giving four
significant figures is provided. This is
achieved, simply and stably, as shown
in FiBure 9. The adjusrment R, is re
quired to correct for unit·tQ-unit varia
tions in the total resistance of the linear
measuring circuit potentiometer, R I .

TramjJtor Protl!l:tion
An important item to the user of rhe

275-A is rhe protection provided against
accidemal burnout of the device under
test. First, each current and VOltage
range is limiled to a maximum ourput
value less than twice the fuJi scale value
of rhat range. Secondly, a means is pro
vided to check the polarity of the rran
sistor being resrcd in a safe manner. This
operares as follows: The switch labeled
SET-CHECK-MIN (lower left of main

of 2 rna. were used in rhe common base
connecrion with rhis circuit. R2 (h.b)
would be 34 ohms whereas if ir were
not for the high values of r/ ir would be
of rhe order of 140 or approximarely
one-half. TIlerefore half the power into
the transistor is lost by dissipation in a
passive resistOr. Furthermore, if we had
a fixed producrion circuit and rhe hib
of the transistor varied from 150 to
300 we would have a four-to-one varia
tion in power gain and a rwo·to-one
variarion in band width.

Nothing has been said about hi", the
common eminer input tmpedance. 111is
is given by

r,,+r/ (6)
hi,,=rh+~
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regulating tube improves the stability 
of the reference tube voltage vs. power 
line fluctuations. This is especially im- 
portant at low V ~ B  values. The internal 
ac and dc impedances are so low that 
neither switching in the transistor nor 
IC variation has significant effect on the 
value of the voltage set. Of course, the 
ac output resistance, which is less than 
15 ohms, acts as an ac short to the sev- 
eral megohm output resistance of the 
transistor under test. 

In addition to the above mentioned 
circuit features of the instrument, certain 
additional features are provided. For 
example, a socket is provided for con- 
nection of external power supplies pro- 
viding up to 5 amperes of emitter cur- 
rent and 100 volts of collector-to-base 
biasing for Alpha and Beta measure- 
ments. (The base current should never 
exceed 100 ma.) Also, a jack is provided 
at the rear of the instrument so that a 
milliammeter can be inserted to measure 
the dc base current. 

Another jack at the rear of the in- 
strument permits the use of a sensitive 
narrow-band external detector, such 
as the Hewlett-Packard 302A Wave An- 
alyzer, for measurements at very low 
signal level and IE values below 10 

i/ 

c/ 

TO TRANSISTOR 
EMITTER CIRCUIT 

rlgure IU. armplrrrea wrcuir - ~ V I I * I U I I I  

Current IE Supply. 

micro-amperes. The internal power sup- 
plies IE and VCB, which are metered to 
k 1% % of full scale, can be used to en- 
ergize external circuits when not in use 
measuring transistors. 

A jig, Type 575-A, with different 
types of transistor sockets, is supplied 
with the instrument for the customers’ 
convenience, permitting a variety of 
transistors to be tested with little trouble. 
A feature of the Type 575-A jig is that 
the socket mounting plate may be readily 
removed and duplicated to facilitate 
mounting of special sockets, heat sinks, 
or other devices. 

Summary 
This unique instrument which en- 

ables the user to measure, with a new 
technique, the important dynamic para- 
meters ( a, p, h,b) of a transistor is 

very simple to operate and stable of 
calibration. It is also evident that dc 
transistor characteristics such as dc 
Alpha, dc Beta, LO, ICBO, IEO, ICEO, ICES, 
etc., can be measured. 

Because of its versatility the limit to 
the usefulness of the 275-A will be the 
ingenuity of the user. 
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New Navigation Aid Test Set 
ROBERT PO I RI E R, Development Engineer 

Used in conjunction with either the 
Collins Radio Company’s 578X-1 Trans- 
ponder Bench Test Set or the 578D-1 

Boonton Radio Corporation will Soon 
introduce the Navigation Aid Test Set 
Type 235-A which provides all of the rf 
circuitry required for bench testing the 
ATC (Air Traffic Control) Transpon- 
ders and airborne DMET (Distance 
Measuring Equipment - Tacan) sec- 
tions of the VORTAC navigation system. 

DMET Bench Test Set and a suitable 
oscilloscope ( Hewlett-Packard Type 
150A with 152B Dual Channel Ampli- 

At the outset of the development of 
this instrument, it was proposed that all 
of the rf circuitry for testing ATC Trans- 
ponders and airborne DMET be con- 
tained in a single package. Although 
the test procedures of the two devices 
are different, the Transponder being 
fundamentally a replying device and the 
DMET Radio Set an interrogation de- 
vice, the one package concept is facil- 
itated by the close interlacing of the 
receiver operating frequencies of the 
two devices. 

The BRC Navigation Aid Test Set 
Type 235-A contains three basic inter- 
connected units: viz, a crystal-controlled 

1 RF Signal Generator, a peak pulse 
power comparator, and a wavemeter. Figure I .  Navigation Aid Test Set Type 235-A. 
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regulating tube improves the stability
of Ihe reference lUbe voltage vs. power
line flucruations. This is especially im
portant at low Vet values. The internal
ac and dc impedances are SO low Ihat
neither switcbing in the tnl.nsistOf nor
Ie variation has significant effect on the
value of the voltage set. Of COU~, the
ac OUtpul resistance, wbich is less than
15 ohms, aeu :as an ac short to the sev
eral megohm OUtpul resistance of the
rransist:or under tesl.

In addition co the above mentioned
circuit features of the iflSlrument, cenain
addilional features are provided. For
example, a socket is provided for con
neoioo of exlenW power supplies pro
viding up 10 5 amperes oJ emitter cur
reOl and 100 voles of colleCtor-co-base
biasing for Alpha and Beta measure
menu.. (The base currenl should never
exued 100 ma.) Also, a jack is provided
at the rear of the inslrument so that a
miUiammeter can be insetted 10 m~re

Ihe de base current.
Anolher jack :l.I the rear of lbe in

strument permits lhe use of a sensitive
narrow·band external deleCtor, such
:as the Hewlett-Packard 302A Wave An
alyzer, for measuremenu at very low
signa.! level and 'f valUe!! brlow 10

'ig.,. 10. S;",plifi-d Ci,."it - ' ....'0'"
C",..", II Supply.

micro-amperes.1be internal power sup
plies 4 and Vea, which are metered 10

± I \-2% oJ full .scale, can be used 10 en
ergiu external circuits when 001: in use
measuring rransislOrs..

A jig, Type 575-A, with different
types of transiscor sockets, is supplied
wilh the instrument for the CU5tomen;"
convenience, permitting a variety of
tranSistors to be tested wilh little trouble.
A feature of lhe Type 575-A jig is that
the socket mounling plale may be readily
removed and duplicated to facilitlue
mOUnting of special socketS, heat sinlts,
or ocher deYicC$.

S",mmary

This unique inslrument which en
ables the user 10 m~re, wilh a new
technique, the important dynamic para
meters (IX, /3, h,b) of a transistor is

very simple to operat!'! and stable of
calibration. It is also evident thai de
lrllnsiscor characteristics such as de
Alpha, de Beta, leo. Icto. 1m. lew. las>
etc., can be measured.

Because of its versatility the limit to
the usefulness of the 275·A will be the
ingenuity of th1: user.
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Booncon Radio Corporation will soon IJ~f'<'l in c:onjuncrion wieh eieher the DMET Bench Te;;t Set and a suitahle
introduce the Navigation Aid Test Xt Collins Radio Company'S 578X·1 Trans- oscilloscope (Hewlett-Packard Type
Type 235-A which provides all of the rf ponder Bench Test Selor the 5780-1 150A with 1528 Dual Channel Ampli-
circuitty required for bench testing Ihe
ATC (Air TraHic Control) Transpon
ders and airborne DM.ET (Distance
Measuring Equipment - Tacan) se.c
tiansof the VORTAC navigation system.

At the OUtset of ehe development of
this instrument, it was proposed thar all
of Ihe rf circuitry for testingATCTrans
ponders and airborne DMET be: con
tained in a single package. Although
the tcst procedures of the (WO deviccs
are different, the Transponder being
fundamentally a replying device and the
DMET Radio Set an interrogation de
vice. the one package concept is faeil
icared by the close interlacing of the
receiver operating ftequencies of the
tWO devices.

The BRC avigation Aid Test Set
Type H~-A comains three basic imer
connKted units; viz., a crysral-controlled
RF Signal Generator, a peak pulse
power comparalOr, and a wavemetel. 'ig".. I. Howigot;"" ..id hot s.t r~pe 2J5-...
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fier) the BRC Navigation Aid Test Set 
Type 235-A is capable of performing 
the tests shown in the table in Figure 2. 

Crystal-Controlled 
RF Signal Generator 

Referring to the functional block dia- 
gram (Figure 3 ) ,  the receiver test fre- 
quencies are generated in three crystal 
oscillators, heterodyned twice, and 
doubled in the final modulator stage. 
The coarse frequency oscillator generates 
eight 5-mc intervals of frequencies from 
25 mc to 65 mc inclusive, and the fine 
frequency oscillator generates nine 0.5- 
mc intervals of frequencies from 6.1 mc 
to 10.6 mc inclusive. After mixing, the 
sum of the inputs is extracted, provid- 
ing a frequency spectrum of 31.1 mc to 
75.6 mc inclusive in 0.5-mc steps. A 
tuned amplifier suppresses the spurious 
products. The bandswitching oscillator 
and multiplier generate one frequency 
for each of the two bands; viz., 448.9 
mc for the low band and 533.9 mc for 
the high band. The sum of the outputs 
of the first mixer and either of the two 
output frequencies from the bandswitch- 
ing oscillator is generated in the second 
mixer, and after filtering and doubling, 
results in two bands of output frequen- 
cies from 960 mc to 1049 mc inclusive 
and 1130 mc to 1219 mc inclusive in 
1-mc steps. Digital readout of the output 
frequencies, together with a printed dial 
readout of DMET channel numbers 1 
through 63 for the frequencies 962 mc 
to 1024 mc inclusive and 64 through 
126 for the frequencies 1151 mc to 
1213 mc inclusive, are provided on the 
front panel of the instrument. 

A total of 180 discrete crystal-con- 
trolled output frequencies are generated 
from 2 1  crystals, the frequency accuracy 
of which depends primarily on the two 
crystals in the bandswitching oscillator. 
The bandswitching oscillator crystals are 
specified to &0.0025%, the coarse fre- 
quency oscillator crystals to k0.005 %, 
and the fine frequency oscillator crystals 
to l O . O l % .  The output frequency ac- 
curacy is specified to t0 .005% at room 
temperature. No crystal ovens are used, 
since the instrument is intended for use 
in laboratory ambient conditions. 

A similar frequency generator could 
have been built with 20 crystals, with 
the frequency accuracy depending prim- 
arily on only one crystal, by choosing 
either the sum or difference products of 
the second mixer for the high and low 
bands respectively. The disadvantages of 
the sum or difference mixing; viz., re- 
duced frequency accuracy of the low 

578X-1 Transponder Bench Test Set 

1. Receiver Sensitivity 
2. Receiver Bandwidth 
3. Transmitter Frequency 
4. Transmitter Power 
5. Side-lobe Suppression 
6. Echo Rejection 
7. Decoder Tolerance 
8. Receiver Dead Time 
9. Reply Pulse Position 

10. PAR Response 
11. AOC and Count Down 
12. Identification Pulse Delay 
13. Transmitter Pulse Characteristics 
14. Image Response 
15. Random Trigger Rate 
16. Transponder Delay Time 
17. Suppressor Output 

578D-1 DMET Bench Test Set 

1. Receiver Sensitivity 
2. Transmitter Power 
3. Search Speed 
4. Search Range Limit 
5. Decoder Selectivity 
6. Identification 
7. Flag Operation 
8. Distance Accuracy 
9. Tracking Rate 

10. Transmitter Pulse Characteristics 
11. A.G.C. Performance 
12. Distance Indication 

Figure 2.  Tesfs Available With The BRC 235-A 
578X-1 or 578D-1 Test Sets. 

(difference) band and the reversal in 
direction of the digital readout between 
the two bands, justify the use of 2 1  
crystals and frequency switching of the 
X12 multiplier. 

Both grid and cathode modulation are 
employed in the Navigation Aid Test 
Set. When the CW output level has 
been set to the calibration mark of the 
thermistor bridge meter, the positive 
pulse modulation signal is applied to the 
cathode of the final doubler to com- 
pletely interrupt the CW output for the 
duration of each pulse. The demodulated 
interrupted CW may be observed as a 
relative amplitude either on an integral 
peak voltmeter or an external synchro- 
scope for a peak pulse calibration of the 

When Used With A Synchroscope and the Collins 

calibrated C W  output level. Subse- 
quently, the doubler stage is .biased to 
cut-off and the positive pulse modula- 
tion signal is applied to the grid through 
a variable modulation level control 
which is adjusted so that the detected 
peak pulse amplitude is the same as 
that for the interrupted CW signal. 
The peak pulse output level, thus ob- 
tained, is referenced to the thermistor 
bridge calibration of the CW output 
level. Frequency multiplication is em- 
ployed in the output stage in order 
to obtain a high ratio between the peak 
pulse output level and the CW output, 
between pulses, in a single stage modu- 
lator. The peak pulse to CW ratio is 
directly related to the purity of the 

'.- 

Figure 3 Block Diagram - Navigation Aid Test Set Type 235-A. 
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"gute 3 Bloc' Oi"ll',om - No¥iuotion Aid h., Sel Type 235_A.

'iIlU'" 2. rut. A¥"iJ"bl. With rh. BRC 235·A When Uud Wi,h A Srn.hro.«.p. ""d 'h. com".
SlBX_1 Or S1BO-I h.t S., •.

578X-l Trgnsponder Bench Test Set 5780-1 DMET Bench Test Set

I. Receiver Sensitivity I. Receiver Sensitivity
2. Receiver Bandwidth 2. Transmitter Power
3. Transmitter Frequency 3. Search Speed
4. Tfllnsmitrer Power 4. Search Range Limit,. Side-lobe Supptession 5. Decoder Selectivity
6. Echo Rejection 6. Identification
7. Decoder Tolerance 7. Flag Operation
8. Receiver Dead Time 8. Distance Accuracy
9. Reply Pulse Position 9. Tracking Rate

10. PAR Response 10. Transmitter Pulse CharaCteristics
II. AOC and Coum Down II. A.G.C. Performance
12. Identification Pulse Delay 12. Distance Indication
I). Transmitter Pulse CharaCteristics
14. Image Response
15. Random Trigger Rate
16. Transponder Delay Time
17. Supptessot Output

calibrated C\V Output level. Subse
quently, the doubler stage is biased to

cut-off and the p.Jsitive pulse modula
tion signal is applied to the grid through
a variable modulation level control
which is adjusted so that [he deteCted
peak pulse amplitude is the same as
lhat for the interrupted CW signal.
The peak pulse Output level, thus ob
tained, is referenced to the thetmistor
bridge calibration of the C\'(I Output
level. Frequency multiplication is em·
ployed in the Output stage in order
to obtain a high ratio between the peak
pulse OUtput level and the CW output,
between pulses, in a single stage modu
lator. The peak pulse to CW ratio is
directly related to the purity of the

(difference) band and the reversal in
direction of the digital teadout between
the twO bands, justify the use of 21
crystals and frequency switching of the
XI2 multiplier.

Both grid and cathode modulation ate
employed in rhe Navigation Aid Test
Set. \Vhen the CW output level has
been set to the calibration mark of the
thermistor bridge meter, the positive
pulse modulation signal is applied to the
cathode of [he final doubler to com·
plcte1y imerrupt the C\V Output for the
duration of each pulse. The demodulated
interrupted C\XI may be observed as a
relative amplitude either on an integtal
peak voltmeter or an external synchro.
scope for a peak pulse calibration of the

fier) the BRC Navigation Aid Test Set
Type 235-A is capable of performing
the testS shown in the cable in Figure 2.

Crystal.Controlled
RF Signal Generglor

Referring 10 the functional block dia
gtam (Figure 3), the receiver test fre
quencies are generated in three crystal
oscillators, heterodyned twice, and
doubled in the final modulator stage.
The coarse frequency oscillatOr generates
eight 5-mc intervals of frequencies from
25 me to 65 me inclusive, and the fine
frequency oscillatOr generates nine 0.5
me intervals of frequencies from 6.1 me
10 10.6 me inclusive. After mixing, the
sum of the inputs is extracted, provid
ing a frequency spectrum of 31.1 me to
75.6 me inclusive in 0.5·mc steps. A
tuned amplifier suppresses the spurious
products. The bandswitching oscillaror
and multiplier generate one frequency
for each of the tWO bands; viz., 448.9
me for the low band and 533.9 me for
the high band. The sum of the OUtputs
of the first mixer and either of the tWO
OUtpUt frequencies from the bandswitch
ing oscillatot is generated in the Sffond
mixer, and afcer filtering and doubling,
results in twO b."inds of Output frequen·
cies from 960 me to 1049 me inclusive
and 1130 me 10 1219 me inclusive in
I-me steps. Digital readOut of the Output
frequencies, lOgether with a ptinted dial
readout of DMET channel numbers I
through 63 for the frequencies 962 me
to 1024 me inclusive and 64 through
126 for the frequencies 1151 me to
!2i3 me inclusive, ate pro,·ided on the
from pand of the insltument.

A tOtal of 180 discrete crystal-con
trolled Output frequencies are generated
from 21 crystals, the frequency accuracy
of which depends primatily on the twO
crystals in the bandswitching oscillator.
The bandswitching oscillawr crystals are
specified to ±0.0025%, the coarse fre
quency oscillator crystals to ±O.OOS%,
and the fine frequency oscillator crystaJs
ro ±0.01%. The OUtput frequency ac·
curacy is specified to ±O.OOS% at room
temperature. No crystal ovens are used,
since the instrument is intended for use
in laboratory ambient conditions.

A similar frequency generaror could
have been built with 20 crystals, with
the frequency accuracy depending prim'
arily on only one crystal, by choosing
either the sum or difference products of
the second mixer for the high and low
bands respectively. The disadvantages of
[he sum or difference mixing; viz., re
duced frequency accuracy of the low

6
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driving frequency and, in the 235-A, 
can be 60 db or better. Spurious outputs 
are at least 30 db down. 

Peak Pulse Power Comparator 
Incorporated in the Navigation Aid 

Test Set is a circuit for measuring the 
peak pulse output of the transmitters in 
the ATC Transponders and DMET 
Radio Sets. In principle, this measure- 
ment is made by comparing the relative 
amplitude of the detected transmitter 
output pulse after a precisely known 
suitable amount of fixed attenuation 
with the variable calibrated output of 
the RF Signal Generator observed 
through the same detector. The measure- 
ment is made by adjusting the output 
of the RF Signal Generator, by means 
of the piston attenuator, for the same 
detected peak amplitude as was observed 
for the transmitter output, and reading 
the piston attenuator dial which is also 
calibrated in terms of transmitter peak 
output power over the range of 23 to 
33 dbw. The peak power output of the 
RF Signal Generator is compared with 
the accurately attenuated transmitter 
output pulse in the same detector, at 
the same level but not normally at the 
same frequency. There is a difference 
of 60 mc between the transmitter and 
receiver frequencies of the ATC Trans- 
ponder, and a difference of 63 mc be- 
tween these frequencies in the DMET 
Radio Set. The RF Signal Generator 
portion of the 235-A is designed for 
receiver frequencies and does not pro- 
duce the Transponder transmitter fre- 
quency. Some of the DMET transmitter 
frequencies are incidentally available. 
The peak power measuring detector is 
sufficiently flat over 63-mc increments 
of frequency for an overall accuracy 
of k 1 . 5  d b  f o r  t h e  peak  power  
measurement. 

IL 

Wavemeter 
The wavemeter incorporated in the 

Navigation Aid Test Set is for the pur- 
pose of measuring the transmitter out- 
put frequency of the ATC Transponder 
which obtains from a free-running tun- 
able cavity oscillator. The frequency 
range of the wavemeter is 1070 mc to 
1110 mc in order to accommodate the 
Transponder operating frequency which 
consists of a pulse spectrum centered on 
1090 mc. Frequency accuracy of the 
wavemeter is k 0 . 5  mc over the range 
of 1070 mc to 1110 mc. 

The VSWR of the rf connection on 
*he front panel of the 235-A will be 

1.2 or less, and will not be observably 
dependent on the tuning of the wave- 
meter. The path between the rf panel 
connector and the wavemeter includes 
about 50 db of attenuation. Referring 
again to the block diagram, the wave- 
meter indicator is the integral peak volt- 
meter which provides that the wave- 
meter indication is dependent only on 
the transmitter power and spectrum, 
and is negligibly affected by the reply 
repetition rate and the number of pulses 
in the reply code. 

Conclusion 
The Navigation Aid Test Set pro- 

vides complete facilities for the accurate 
testing and calibration of airborne 
DMET and ATC Transponder Systems 
and has been specifically developed to 
serve the needs of BRC customers en- 
gaged in the design and operation of 
this type equipment. 

SPECIFICATIONS(1) 
Signal Generator Section 

OUTPUT FREQUENCY RANGE: Channels 
spaced 1 mc in the range 960 mc to 1049 mc 
inclusive and 1130 mc to 1219 mc inclusive. 
OUTPUT FREQUENCY ACCURACY: ?0.005% 
from 60°F to 100°F. 
RF OUTPUT LEVEL: -10 to -100 dbm. 
RF OUTPUT ACCURACY: fl db. 
LEAKAGE: Less than -112 dbm. 
MODULATION CAPABILITY: Designed for 
pulse modulation. 

A NEW UHF 
From the beginning of the Company’s 

history, Boonton Radio Corporation has 
been active in the development and 
manufacture of impedance measuring 
instruments. The first instrument pro- 
duced by the Company was the Q Meter 
in the frequency range of 50 Kc to 
75 Mc. Later development resulted in a 
Q Meter making measurements up into 
the 200-Mc range. Other developments 
have produced the RX Meter, an RF 
Bridge operating between the frequen- 
cies of 500 Kc and 200 Mc, the QX 
Checker and subsequently the Q Com- 
parator which offer methods of measur- 
ing the deviation of a test sample in Q, 
L, or C from a standard. 

The Q Meters developed in the past 
have made use of the resonance rise 
method of measurement. This well 
known method inserts a known voltage 
across a very low resistance in series 
with a resonance circuit. A vacuum tube 
voltmeter measures the voltage across 
the capacitor in the resonant circuit 

Input impedance: 150 ohms. 
Input level: +7.5 v peak or more. 
Time response: Risetime I 0.14 p e c  or 
less; overshoot 5% or less. 
RF Output Impedance: 50 ohms with VSWR 
of 1.2 or less. 

External Power Measurement 
FREQUENCY RANGE: 960 to 1215 mc. 
INPUT IMPEDANCE: 50 ohms VSWR 1.2 
or less. 
POWER LEVEL RANGE: 23 to 33 dbw. 

ACCURACY: k1.5 db. 
200 to 2000 watts 

External Frequency Measurement (ATC 
Transponder only) 

FREQUENCY RANGE: 1070 to 1 1  10 mc. 
ACCURACY: 2 0 . 5  mc. 

RF Envelope Pulse Detector 
FREQUENCY RANGE: 960 to 1215 mc. 
SENSITIVITY: External signals; will produce 
+0.5 volts peak open circuit from a 150-ohm 
source with 30 dbw input. 
Internal signals; will produce +0.5 volts 
peak open circuit from a 150-ohm source 
with a level of -13 dbm from the internal 
generator. 
BANDWIDTH: Flat within 3 db to 7 mc. 
TIME RESPONSE: Response to Heaviside unit 
step 0.057 psec. Risetime, less than 2% 
overshoot. 

Power Requirements: 115/230 volts ac &lo%, 
50 to 420 cps. 
(1) Based on: Report of Special Committee 
58 of the RTCA, “Minimum Performance 
Standards Airborne Tacan Distance Measur- 
ing Equipment Operating Within the Radio 
Frequency Band 960-12 15 Megacycles”, dated 
December 18, 1958. 
AEEC Letter No. 57-3-27, entitled, “Status 
Report of ATC Radar Beacon System Project 
and Draft Revision of Characteristic No. 
532A”, dated October 21, 1957. 

Q METER 
while the inductance in this circuit is 
ordinarily the device of which the Q is 
to be measured. If the insertion resistor 
is very low in value and the capacitor 
has very high Q, the vacuum tube volt- 
meter across the capacitor can be made 
to read directly in Q of the test coil. 
This method has the advantage of being 
very simple, capable of good accuracy, 
and entirely direct reading on a preci- 
sion meter. Beside Q, the Q Meter can 
also be used to measure capacitance, in- 
ductance and resistance over the fre- 
quency range of the instrument. 

The need for a Q Meter at frequen- 
cies above 200 Mc has long existed, but 
the difficulty in designing a very low 
and constant value pure resistance in- 
sertion impedance and the problems as- 
sociated with designing a high Q, low 
inductance variable capacitance over this 
range have made such an instrument 
impracticable. It has been known for 
several years that Q could also be de- 
duced by varying the frequency applied 

7 

A NEW UHF Q METER

THE NOTEBOOK

driving fr<--quency and, in the 235·A,
_ can be 60 db or better. Spurious Outputs

are at least 30 db down.

Peak Pulse Power Compo-rator
10corpol1lwd io the Navigation Aid

Test Set is a circuit for measuring the
peak pulse output of the transmitters in
the ATC Transponders and DMET
R:ldio Sets. In principle, rhjs measure
ment is made by comparing the relative
amplitude of the detected transmitter
Output pulse after a precisely known
suitable amount of fixed attenuation
with rhe variable calibrated Output of
the R F Signal GeneratOr observed
through the same detector. The measure·
mem is made by adjusting the OUtput
of the RF Signal GeneratOr, by means
of the piston attenuator, for the same
detecred peak amplitude as was observed
for the transmitter outpUt, and reading
the pistOn anenuatOr dial which is also
calibrated in terms of transmitter peak
output power over the range of 23 to
33 dbw. The peak power Output of rhe
RF Signal Generator is compared with
the accurately attenuated transmitter
Output pulse in the same detector, at
the s..une level but not normally at Ihe
same frequency. There is a difference
of 60 mc between the uansmiller and
receiver frequencies of the ATC Trans
ponder, and a difference of 63 mc be
tween these frequencies in the DMIT
Radio Set. The RF Signal Generator
portion of the 235·A is designed for
teceiver frequencies and docs not pro
duce the Transponder transmitter fre
quency. Some of the DMET transmitter
frequencies arc incidentally available.
The peak power measuring detector is
sufficiently flat O\'er 63-mc increments
of fR'qllency for an overall accuracy
of ± 1.5 db for the peak power
measurement.

Wavemeter

The wavemeter incorporated in the
N:I"ig:H;on Aid Test Set is for the pur
pose of measuring the transmitter OUt·
put frequency of the ATC Transponder
which obtains from a free-running tun
nble caviey osciJbror. The frequency
r:ln!:e of the wavemeter is 1070 mc to
1I 10 mc in order to accommodate the
Transponder operaling frequency which
consists of a pulse spectrum cemere<! on
1090 me. Frc<Juency accuracy of rhe
wavemeter is ±0,5 mc over the range
of 1070 mc 10 1110 me.

The VSWR of the rf connroion On
the front panel of the 235-A will be

1.2 or less, and will not be observably
dependent on the tuning of the wave
merer. 111e path between [he rf panel
connector and Ihe wavemetcr includes
about 50 db of attenuation. Referring
again to the block diagram, the w:tve
meter indic.ltor is the integral peak "olt
meter which provides that the wave
ffit:tr:r indication is dt:pendenr only on
the uaOSlllittcr power and spectrum,
and is negligibly affecred by the reply
repetition rate and the number of pulses
in the reply code.

Conclusion
The Navigation Aid Test Set pro·

vides complete facilities fot the accurate
testing and calibration of airborne
DMET and ATe Transponder Systems
and has been specifically developed to
serve tht' needs of ERC CUstOmcrs en
gaged in the design and oper;ltion of
this rype equipment.

SPECIFICATIONSfll
Signal Generator Sedion

OUTPUT FREQUENCY RANGE: Chonn.h
.poce<:! 1 me in Ih. range 960 mc 10 1049 me
Indv.iv. and 1130 mc 10 1219 "'c indu.iv•.
OUTPUT FREQUENCY ACCURACY: ±0.005%
from 6Q'f 10 lOO·F.
Rf OUTPUT LEVEl, -10 to -100 db",.
Rf OUTPUT ACCURACY, ±1 db.
LEAKAGE: L.u than -112 db",.
MODULATION CAPA8Il1TY: O••ign.d fa'
pul•• modvlalian.

From the beginning of Ihe Company's
histOry, Boonton Radio Corporarion has
been active in the development and
manufaCture of impedance measuring
instruments. The first instrumenr pro
duced by the Company was the Q Meter
in the frequency range of 50 Kc to

75 Mc. Later development resulred in a
Q Meter making measurements up into
the 2oo-Mc range. Other developments
have produced the RX Meter, an RF
Bridge operating between the frequen
cies of 500 Kc and 200 Mc, rhe QX
Checker and subsequently rhe Q Com
parator which offer methods of measur'
ing the devi;lclon of a tesc sample in Q,
L, or C from a standard.

The Q Meters developed in the past
have made use of the resonance rise
method of measurement. This well
known method inserts a known voltage
across a very low resisrance in series
wilh a resonance circuit. A vacuum tube
voltmeter measures the voltage across
the capacitor in the resonam circuit

7

Inpul impedanc., 150 ch",".
Inpvl le"el: +7.5 v p.ok or mare.
Tim. re.pcn••: Ri •• ti",. = 0.14 " ••c or
I..., ov.rshoot 5% 0' I....
Rf OvlPUI I",pedanc.: SO oh",. wilh VSWR
of 1.2 Or I....

Exl.,nal Po...., M.o,u,.",.n.
FREQUENCY RANGE, 960 10 1215 mc.
INPUT IMPEDANCE: 50 chm. VSWR 1.2
or I....
POWER lEVEL RANGE: 23 to 33 dbw.

200 10 2000 wot"
ACCURACY: :!:U db.

Exl.,nol F'.qu.n'y M.a.u,.m.n' (ATC
T,onlpond., only)

FREQUfNCY RANGE: 1070 10 1110 me.
ACCURACY, ±O.' mc.

RF Env.lop. Pull. D.I.CIOr
fREQUENCY RANGE: 960 10 121' me.
SENSITIVITY, Ext.,nal .1gnol" will I"oduc.
+0.5 valli p.ak op.n circuit from 0 l'so-ohm
.0urC. with 30 dbw inl'v"
Internal .ignol.; will produc. +0.5 vol"
peak ol'.n 'ircvil from a 150·ohm lOurce
with a Inel of -13 dbm from Ih. in•• rnol
generotoT.
BANOWIDTH, Flat within 3 db 10 7 mc.
TIMf RESPONSE: Rell'on•• 10 H.".i.;d. unll
.Iel' 0.OS7 ~".c. Ri,elim., 1... Ihon 2%
overlhOOI.

Pow.r R.qui••m.n.., 115/]30 V.. ltl ac ±IO%,
SO 10 420 Cpl.
(I) Based on: Report of Spe<:ial CommillCC
;is of the RTCA, "Minimum Performance
Sl:illdaros Airborne Tacan Di5tance Mealur
ing Equipment Operating Within the Radio
Frequency Band 960-121;i Megacycles", dated
December t8, 19~8.

AEEC I.e"er No. ~7-3-27, entitled, "StatUS
Repon of ATC Radar Beacon Syslem Project
and Draft Re.ision of CharaCteriSlk No.
B2A", dated CkIObcr 21, 19~7.

while the inductance in this circuit is
ordinarily the device of which (he Q is
to be measured. If the insertion resistor
is very low in value and the capacitor
has very high Q, the vacuum rube vole
meter across the cap;lcitor Can be made
to read directly in Q of the test coil.
This method has the advancage of being
very simple, capable of good accuracy,
and entirely dire<t reading on a pred
sion meter. Beside Q, the Q Meter can
also be used to measure capacitance, in
ductance and resistance over the fre
quency range of the instrument.

The need for a Q Meter at frequen
cies above 200 Mc has long exi5Ced, bur
Ihe difficulty in designing a very low
and constant value pure resisram:e in
sertion impedance and the problems as'
sociated with designing a high Q. low
inductance variable capacitance over this
range have made such an instrument
impraCticable. It has been known for
several years thar Q could also be de
duced by varying the frequency applied
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to a resonance circuit so as to obtain a 
voltage across the capacitance 3 db down 
from the resonant peak on each side of 
that resonance; The frequency band- 
width between the 3 db points divided 
by the resonant frequency yields the Q. 
Such a method in the low frequency Q 
Meter, however, does not yield a simple 
direct reading instrument. 

The Boonton Radio Corporation now 
has a Q Meter, in advanced stages of 
preparation for manufacture, covering 
the frequency range of 200 to 600 Mc. 
making use of the frequency variation 
method of Q measurement. This instru- 
ment consists of a specially designed 
oscillator, Q capacitor and sensitive de- 
tector. The Q capacitor is designed so 
that inductive effects are automatically 
removed from the measurement thus 
yielding a device which exhibits pure 
capacitance over the frequency range. 
The oscillator frequency varies loga- 
rithmically with the dial shaft position 
and the Q of the test sample is indicated 
directly on a calibrated dial. A dial which 
reads directly in inductance is also sup- 
plied. When using the internal Q ca- 
pacitor, the instrument will read Q, L, 
C, and R over a frequency range of 200 
to 600 Mc. The Q range is 20 to 2,000. 
The range of inductance measurements 

ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
120 San Pedro Drive, S.E. 
Telephone: AMherst 8-2478 
TWX: AQ 70 

ATLANTA, Georgk 
8lVlNS & CALDWELL, INC. 
3133 Maple Drive, N.E. 
Telephone: CEdar 3-7522 
Telephone: CEdar 3-3698 
TWX: AT 987 

BINGHAMTON, New York 
E. A. OSSMANN & ASSOC., INC. 
149 Front Street 
Vestal New York 
Telepdone: STillwell 5-0296 
TWX: ENDICOTT NY 84 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
50 lntervale Road 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

BOSTON Massachusetts 
INSTRU~ENT ASSOCIATES 
30 Park Avenue 
Ailin- ton, Mass. 
Teleptone: Mlssion 8-2922 
TWX: ARL MASS 253 

CHICAGO 45. Illinois 
CROSSLEY ASSOC., INC. 
271 1 West Howard Street 
Telephone: SHeldrake 3-8500 
TWX: CG 508 

DALLAS 9, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 lnwood Road 
Telephone: Fleetwood 7-1881 
TWX: DL 411 

is 3 to 200 milli-microhenries and the 
capacitance range is 4 to 25 micromicro- 
farads. A special coupling means is pro- 
vided so that the resonant frequency 
and the Q of external cavities located 
at a distance from the instrument may 
be measured. The Q range in this ap- 
plication extends upward to 25,000. 

A model of the new UHF Q Meter 
Type 280-A will be exhibited in Booth 
No. 3101-3102 at the IRE Convention 
in March of this year. 

BOONTON RADIO 
PLANS EXPANSION 

Plans are well under way for the ex- 
pansion of Boonton Radio's prQduct line 
and of its facilities. Our Engineering 
Manager, John P. Van Duyne has been 
undertaking a broad program of expan- 
sion of our engineering personnel to in- 
crease the number of precision electronic 
instruments introduced in the field. 

A new site, comprising 70 acres, has 
been purchased in Rockaway Township 
four miles west of the Company's present 
Plant. This site is approximately 36 
miles west of New York City and is 
reached directly by Route 46 from the 
George Washington Bridge to the newly 
completed Route 80 which passes within 

DAYTON 19, Ohio 
CROSSLEY ASSOC.. INC. 
2801 Far Hills Avenue 
Telephone: Axminster 9-3594 
TWX: DY 306 

DENVER, Colorado 
GENE FRENCH COMPANY 
3395 South Bannock Street 
Englewood, Colorado 
Telephone: Sunset 9-3551 
TWX: ENGLEWOOD COLO 106 

EL PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stonton Street 
Telephone: KEystone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHaprl 6-5686 
TWX: HF 266 

HIGH POINT, North Carolina 
BlVlNS & CALDWELL, INC. 
1923 North Main Street 
Telephone: Hlgh Point 2-6873 
TWX: HIGH POINT NC 454 

HOUSTON 5, Texas 
EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: Mohawk 7-2407 
TWX: HO 967 

BOOM?ON 
1 

one mile of the new site. 
A new building is planned for com- 

pletion in 1960 which will contain ap- 
proximately 60,000 square feet. This 
building will be two and one-half times 
larger than the Company's present 
quarters. 

The new building will be equipped 
with modern machinery and new meth- 
ods which will lead to better control and 
more precise manufacturing procedures 
for our present instruments. New tech- 
niques and new operations are being in- 
cluded to take care of specialized and 
more precise manufacturing methods 
needed for new instruments which are 
being introduced at the IRE in New 
York in March as well as new instru- 
ments which are planned for the future. 

The initial building is part of a master 
plan which is being completed for the 
new site. This master plan includes a 
much larger program of building and 
expansion which it is expected will be 
carried out during the next five years. 

This planned expansion of our staff 
and our facilities will place the Company 
in a position to produce a larger line of 
precision electronic instruments and to 
manufacture equipment for which tech- 
niques have not been available in our 
currently used facilities. 

--, 

-../ 

HUNTSVILLE, Alabama 
BlVlNS & CALDWELL, INC. 
Telephone: JEfferson 2-5733 
(Direct line to Atlanta) 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC. 
5420 North College Avenue 
Telephone: CLifford 1-9255 
TWX: IP 545 

LOS ANGELES, California 
VAN GROOS COMPANY 
21051 Costanso Street 
Woodland Hills, California 
Telephone: Dlamond 0-3131 
TWX: CANOGA PARK 7034 

ORLANDO, Florida 
BlVlNS & CALDWELL, INC. 
723 West Smith Avenue 
Telephone: CHerry 1-1091 
TWX: OR 7026 

OTTAWA, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
48 Sparks Street 
Telephone: CEntral 2-9821 

PHOENIX, Arizona 
GENE FRENCH COMPANY 
224 South Hinton Avenue 
Scottsdale, Arizona 
Telephone: Whitney 6-3504 
TWX: SCOTTSDALE, ARlZ 109 

R A D I O  

RICHMOND 30, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point Avenue 
Telephone: ELgin 5-7931 
TWX: RH 586 

ROCHESTER 10, New York 
E. A. OSSMANN & ASSOC., INC. 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Lor Altos Avenue 
Los Altos, California 
Telephone: WHitecliff 8-7266 

ST. PAUL 14, Minnesota 
CROSSLEY ASSOC., INC. 
842 Raymond Avenue 
Telephone: Mldway 6-7881 
TWX: ST P 1181 

SYRACUSE, New York 
E. A. OSSMANN & ASSOC., INC. 
2363 James Street 
Telephone: HEmpstead 7-8446 
TWX: SS 355 

TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
Hunt Street 
Aiax, Ontario, Canada 
Telephone: AJax 118 
(Toronto) EMpire 2-3741 
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to a resonance circuit so as to obtain a
vohage across the capacitance 3 db down
from the resonant peak on each side of
that resonance, The frequency band
width between the 3 db pointS divided
by the resonant frequency yields the Q_
Such a method in the low frequency Q
Meter, however, does nOt yield a simple
direct reading inStrument,

The Boonton Radio Corporation now
has a Q Merer, in advanced stages of
preparadon for manufacture, covering
lhe frequency range of 200 to 600 Me.
making use of the frequency variation
method of Q measurement. This instru
ment consisrs of a specially designed
oscillator, Q capacitor and sensitive de
lectOr. The Q capacitor is designed so
that inductive effects are automatically
removed from the measurement thus
yielding a device which exhibits pure
capacitance over the frequency range.

The oscillator frequency varies loga
rithmically with the dial shaft position
and the Q of the test sample is indicated
directly on a calibrated dial. A dial which
reads directly in inductance is also sup
plied. When using lhe internal Q ca·
pacitor, the instrument will tead Q, L,
e, and R over a frequency range of 200
to 600 Mc. The Q range is 20 to 2,000.
The range of inductance measurements

is 3 to 200 milli-microhenries and the
capacitance range is 4 to 25 micromicro
farads. A special coupling means is pro
vided so thar the resonant frequency
and the Q of external cavities located
at a distance froln the instrument may
be measured. The Q range in this ap
plication extends upward to 25,000.

A model of lhe new UHP Q Meter
Type 28Q·A will be exhibited in Booth
No. 3101-3102 at the IRE Convention
III March of this year.

BOONTON RADIO
PLANS EXPANSION

Plans are well under way for rhe ex
pansion of Boonton Radio's prQduct line
and of its facilities. Our Engineering
Manager, John P. Van Duyne has been
undertaking a broad program of expan
sion of our engineering personnel to in
crease lhe number of precision electronic
inslruments introduced in the field.

A new site, comprising 70 aCtes, has
been purchased in Rockaway Township
four miles west of rhe Company's present
Plant. This site is approximately 36
miles west of New York City and is
reached directly by Route 1\6 from the
George WashingtOn Bridge 10 the newly
completed Route 80 which passes within

one mile of the new site.
A new building is planned for com

pletion in 1960 which will comain ap
proximately 60,000 S<:!uare feet. This
building will be tWO and one-half times
larger than the Company's present
quarters.

The new bujlding will be equipped
with modern machinery and new meth
ods which will lead to bener control and
more ptecise manufacturing procedures
for our present instruments. New tech·
niques and new operncions are being in
cluded to take care of specialized and
more precise manufacturing methods
needed for new instruments which are
being introduced at the IRE in New
York in March as well as new instru
ments which are planned for the future.

The initial building is part of a master
plan which is being completed for the
new site. This master plan includes a
much larger program of building and
expansion which it is expected will be
carried our during the next five years.

This planned expansion of our staff
and our facilities will place the Company
in a position to produce a iarger line of
precision electronic inSlruments and to
manufaCture equipment for which tech·
ni<Jues have noe been available in our
currently used facilities.
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n p t e  1. Operator checks components on the Q Comparator. 

Purpose and Design Considerations 
The purpose of the Q Comparator is 

the solution of quantity electrical meas- 
urements on a comparative basis with 
speed, ease, accuracy, and reliability. The 
instrument has been mechanically and 
electrically designed with the user in 
mind. First, the cost has been kept to a 
minimum commensurate with reliability, 
accuracy, readability, and minimum op- 
erator technical ability. The instrument 
requires a minimum amount of set-up 
time (about the time required to make 
one measurement on a Q Meter, which 
is a laboratory instrument for absolute 
measurement). Optimum simplicity, 
elimination of special tubes, speed of 
readout, and quantity testing of com- 
ponents and circuits were also important 
considerations, 

Electronically and mechanically the Q 
Comparator has been designed to serve 
the following industry functions: 
1. Incoming inspection. 
2. Process inspection and control. 
3. Quality control. 

Principal of Operation 
The heart of the Q Comparator is the 

Detector Unit or RF Unit which is 

shown in block diagram form in Figure 
2. Once the configuration in Figure 2 
is thoroughly understood, applications of 
the instrument will become apparent to 
the reader or user who has an unsolved 
or singular problem in the electrical 
measurement field. (BRC and the writer 
are very much interested in applications 
of this type and hope that the reader 
will not hesitate to discuss them withus.) 

The motor-driven capacitor shown on 
the left-hand side of Figure 2 sweeps 
the center frequency of the oscillator. 
Output from the oscillator is maintained 
constant over the sweep-frequency range 
by the dynamic limiter. From this point, 
the RF signal is shunt fed through a 
small differential capacitor to the HI- 
L-C terminals. A so-called “infinite im- 
pedance’’ detector and balancing stage 
form a differential amplifier to drive the 
indicator unit. The horizontal trace is 
generated simultaneously by the sweep 
capacitor. 

Set-Up Procedure 
The detailed set-up procedure is given 

in Notebook No. 17. The production 
units are as described therein with one 
exception: the L-C ranges are +20% 
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shown in block diagram form in Figure
2. Once the configuration in Figure 2
is thoroughly understood, applications of
the instrument will become apparent to
the reader or user who has an unsolved
or singular problem in the electrical
measurement field. (BRC and the writer
are very much interested in applications
of this type and hope rhat the reader
will nor hesitate todiscuss them with us.)

The motor-driven capacitor shown on
the left-hand side of Figure 2 sweeps
the center frequency of the oscillaror.
OutpUt from the oscillator is maintained
constant over the sweep-frequency range
by the dynamic limiter. From this point,
the RF signal is shunt fed through a
small differential capacitor to the HI
L-e terminals. .A so-called "infinite im·
pedance" detector and balancing stage
form a differentia! amplifier to drive the
indicator unit. The horizontal trace is
generated simultaneously by the sweep
capacitor.

Set~Up Procedure
The detailed set·up procedure is given

in Notebook No. 17. The production
units are as described therein with one
exception: the L-C ranges are ±20%

fig,," I. 0""'010' <".dr. <ompon.nl. on tloe Q Compo,..,'o,.

Purpose and Design Considerations
The purpose of the Q Comparator is

the solution of quantity electrical meas
urements on a comparative basis with
speed, ease, accuracy, and reliability. The
irntrument has been mechanically and
electrically designed with the user in
mind. First, the COSt has been kept to a
minimum commensurate with reliability,
accuracy, readability, and minimum op
erator technical ability. The instrument
requires a minimum amount of set-up
time (about the time required to make
One measurement On a Q Meter, which
is a laboratory instrumenr for absolute
measurement). Optimum simplicity,
eliminacion of special tubes, speed of
readout, and quantity testing of com
ponents and circuits were also important
consideratiorn.

Electronically and mechanically the Q
Comparator has been designed to serve
the following industry functions:
1. Incoming inspection.
2. Process inspection and control.
3. Quality COntrol.

Principal of Operation
The heart of the Q Comparator is the

Detector Unit or RF Unit which is

Brief Description
In a few words, the Q Comparator lsa

sweep-frequency Q Meter that indicates
Q, L, and C in relative terms. Mechani
cally it comprises twO units; the Oscil
lator-Detector Unit and the Indicator
Unit (Figure I).

When using the Q Comparator it
must be remembered that the presenta
tion is the result of sweep frequency
injection. The indication may occasionally
differ from a single frequency measure
ment. However, wirh the use of nominal
and limit standards, this difference in in
dication, if any, can be reconciled. .A
nominal standard is defined as a com
ponent which has been selected as being
the mean value to which all mher unitS
are compared. For example, if ± 10%
is the specification tolerance, a nominal
standard with an absolute value known
to ± 1% wouJd be used. In this instance,
one would work to a specification toler
ance of ±9%.

Improved accuracy and better correla
tiOn can be provided by means of limit
standards. These standards are used in
the same way as nominal standards bur
are made up to provide greater accura
cies within the tolerance limits than are
attainable with the nominal standards.

The Q Comparam! Type 265·A has
been previously discussed from the
standpoint of detailed description and
developmental considerations in Issue
Number 17 of the Notebook. l This
article covers the many and varied pro
duction applications of the instrument.
Included are the obvious applications as
well as some which are specialized and
tailored to specific measurement
problems.
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or +5%. 
Briefly, the nominal component is 

mounted in a suitable jig and connected 
to the terminals on the Oscillator-Detec- 
tor Unit. With the intensity at maxi- 
mum, the SELECTOR switch is set to 
CENTER Q and the CENTER Q control 
is adjusted to center the reference line 
on the face of the scope. At the same 
time, the TRACE WIDTH control is 
adjusted to bring the trace within the 
dotted lines on the scope face. The 
switch on the TRACE WIDTH control 
is set fully counterclockwise (*20% 
position) at this point. Then, with the 
SELECTOR set to CAL Q, the CAL Q 
control is adjusted to bring the reference 
line to the lower limit on the scope face. 
The SELECTOR is now set to the USE 
position and we are ready to set up our 
nomimal component. 

Our problem now is to find the de- 
sired reasonant point for the component 
involved. Generally time is saved by 
readjusting the CENTER Q control so 
that the base line is visible. The Q capa- 
citor and oscillator frequency are then 
swept manually until the reasonant m e  
appears approximately near the center 
of the scope face. (The Q capacitor is 
adjusted from its maximum capacitance 
or fully counter-clockwise position.) The 
Q centering operation is repeated and 
the SET Q OF STD-COARSE control 
is adjusted so that the peak of the reso- 
nant curve is near the center of the scope. 
The dot is positioned at the peak of the 
resonant m e ,  the intensity is reduced, 
and the dot is focused by means of the 
proper controls. The SET Q OF STD- 
FINE control is then adjusted to center 
the dot vertically, and the capacitance 
or frequency is adjusted to center the 
dot horizontally. 

The above procedure sets up the Q 
Comparator to the ranges of Q *25% 
and L-C 220% or * 5 % ,  the latter de- 
pending upon the position of the L-C 
TRACE WIDTH switch. However, this 
is by no means the limit of accuracy or 
resolution. This subject will be taken up 
in subsequent paragraphs. 

Basic Applications 
Inductor testing is the primary func- 

tion of the Q Comparator and is a direct 
measurement for values between 1 ph 
and 15 mh by proper selection of fre- 
quency. Indirect measurements can be 
extended to 0.15ph and 50 mh by utili- 
zation of series and shunt techniques. 
(Dot presentation permits Q measure- 
ments from 30 to 500 as specified. 
However, it has been found that in 
some cases useful curve presentations 
can be obtained down to Q s  of 15.) 
The expected accuracy of indirect meas- 
urements will usually be less than that 
of a direct method. 

Capacitor testing is the second func- 
tion of the Q Comparator, and is an 
indirect measurement in that an external 
reference inductor must be used. Capa- 
citance is virtually direct; that is, the 
accuracy is essentially as stipulated for 
inductors (for values of 500 ppf or 
greater) and is a function of the internal 

may be tested. Relative permeability - 
and Q (or dissipation factor) can be 
determined at a single glance. 

2. Inductors may be trimmed while 
mounted in position on the Oscillator- 
Detector Unit. The dot presentation 
greatly simplifies this operation since 
no judgement is required to determine 
the point at which a meter peaks, and 
the direction of the adjustment (plus 
or minus) is immediately indicated. 

3 .  L-C and R-C networks can be com- 
pared, providing their impedance falls 
in the general range of Q Meter 
measurements? i 

4. The self-resonant frequency of a coil 
can be determined as follows. A work 
coil is used to obtain the resonant 
peak at the nominal frequency, then 
the coil to be tested (coil X )  is con- 
nected to the capacitor terminals. If 
the dot deflects vertically downward 
only, the resonant frequency is the 
same as the reference coil. If the dot 
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Figure 2. Illock uragram - Q comparator. 

capacitance setting. By using minimum 
internal capacitance and maximum sweep 
expansion, approximately one micromi- 
crofarad can be spread across the face of 
the scope. This requires a choice of the 
resonating inductor for minimum distri- 
buted capacitance of less than 5 ppf. 

Resistance measurements are indicated 
on the Q scale and are indirect measure- 
ments. This means that these two resis- 
tance measurements are indicated as a 
change of Q with respect to the refer- 
ence inductor.2 

Specific Applications 
Knowing that the Q Comparator is 

capable of relative measurements of the 
basic combinations of L, C, and R, we 
begin to think of other components and 
circuits to which it may be applied as a 
two-terminal indicating device. Some of 
these applications are listed below. 

Inductance Measurements 
1. Iron cores, shells, toroids and rods 

(powdered iron and feramic type) 

3 

r 

deflects to the left, coil X is inductive 
and its resonant frequency is higher 
than the resonant frequency of the 
reference coil. If the dot deflects to 
the right, the resonant frequency of 
coil X is lower than the resonant fre- 
quency of the reference coil. The 
resonant frequency limits can be es- 
tablished by using Q Meter Type 
260-A in conjunction with the limit 
standards. 

Capacitance Measurements 
1. Quartz crystals (blanks or complete 

assemblies) may be checked for capa- 
citance variations as quickly as they 
can be inserted in the test fixture. 
This is performed at frequencies well 
below resonance. 

2. Vacuum tube capacitances; i. e., grid 
to cathode and plate to grid (in tri- 
odes), can be compared quickly. 

3. Variable capacitance diodes can be , , 
graded simultaneously for Q and ca- - 
pacitance at the rate of approximately 

2 
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or ±5%.
Briefly, the nominal component is

mounted in a suitable jig and connKted
to the terminals on the Oscillator·Detec
tor Unit. With the intensity at maxi
mum, the SELECTOR switch is set to
CENTER Q and the CENTER Q control
is adjusted [0 center the reference line
an the face of the scope. At the same
rime, the TRACE WIDTH control is
adjUSted to bring me mu:c within the
dotted lines on rile scope h.ce. The
switch on the TRACE WIDTH control
is set fully counterclockwise (±20%
position) at this point. Then, with the
SELECTOR .set to CAL Q. the CAL Q
control is adjusted to bring the reference
line to the lower limit on the scope face.
The SELECTOR is now .set to the USE
position and we are ready to .set up our
nomimaJ component.

Our problem now is to find the de
sired rea.sonant point for the component
involved. ~era1ly time is saved by
teadjusting the CENTER Q control so
that the base line is visible. 'fhe Q capa
citor and osciUator frequency are then
swept manually until thereasonamcurve
appears approximately near the center
of the scope face. (The Q capacitor is
adjusted from its maximum capacitance
or fully counrer-dockwise position.) The
Q centeting operation is repeated and
the SET Q OF SID-COARSE control
is adjusted 50 that the peak of the re5l>
nanr curve is near the center of the scope.
The dOl is positioned at the peak of the
resonant curve, the intensity is reduced,
and the dot: is focused by means of the
proper controls.. The SET Q OF S'fD.
FINE control is then adjusted to center
the dot: vertically, and the capacit10Ce
or frequency is adjusted to center the
dor horizontally.

The above procedure sets up the Q
Comparator to the ranges of Q ±25%
and L-C ±20% or ±:5%, the laner de
pt'IIding upon the position of the L.e
TRACE WIDTH switch. However, this
is by no means the limit of accuracy or
resolution. This subject will be taktn up
in subsequent paragraphs.

BClsic ApplicCitiCins
Inductor resting is the primaIy func

rion of the Q Comparator and is a dirKt
measurement for values bctw«n I ph
and 1:5 mh by proper selection of fre
quency. Indirt'Ct measurementS OLD be
extended to 0.1:5}'h and 50 mh by utili
utian of 5el"ies and shunt techniques.
(Dot presentation permitS Q measure
mentS from )() to :500 as specified..
However, it has been found that in
some cascs useful curve presentations
can be obtained down to Q's of 1:5.)
The expected accuracy of indirect meas
urementS will usually be Jess than that
of a direct method.

Capacitor testing is the second func
tion of the Q Comparator, and is an
indirect measurement in that an external
reference inductor must be used. Capa
citance is virtually dirKt; that is, the
accuracy is essentially as stipulated for
inductOrs (for values of 500 ~ or
greater) and is a fuoaion of the internal

capacitance seuing. By using minimum
internal capacitance and maximum sweep
expansion, approximately one micromi
crofarad can be spread across the face of
the scope. This requires a choice of the
resonating inductor for minimum distri
buted capacitanCe of less than :5 ,..,d.

ResistanCe measurements arc indicated
an the Q .scale and are indirKt measure
mentS. This means that these two resis·
tance measurementS are indicated as a
change of Q with respect: to the refer
ence induaor.a

Specific ApplicCitions
Knowing that the Q Comparator is

capable of relative~tS of the
basic combinations of L, C, and R, we
begin to thinle. of orher componentS and
circuits to which it may be applied as a
twO-terminal indicating device. Some of
these applications are listed below.

InduC1ance Meosurement,
1. Iron cores. shells, toroids and rods

(powdered iron and feramic type)

2

may be tested.. Relative permeability
and Q (or dissipation factor) can be J
determined at a single glance.

2. Inductors may be trimmed while
mounted in position on the Oscillator
Dereaoc Unit. The dor presentation
greatly simplifies this operttion since
no judgement is required to determine
the point at which a meter peaks. and
the dirKtion of the adjusonent (plus
or minus) is immediately indicated.

3. i-C and R-C ncrworks can be com·
pared, providing their impedance falls
in the general l1lnge of Q Meter
measurements.3

4. The self·resonant frequency of a coil
can be determined as follows. A work
coil is used to obtain the resonant
peak at the nominal frequency, then
the coil ro be tested (coil X) is con
m~cted to the capacitor terminals. If
the dot deflects vertically downward
only, the resonant frequency is the
same as the reference coil. If the dOt

deflects to the left, coil X is inductive
and its re50nant Ert:quency is higher
than the resonant frequency of the
reference coil. If the dot deflects to
the right, the resonant frequency of
coil X is lower than the resonant fre
quency of the reference coil. The
resonam frequency limitS can be es
tablished by using Q Meter Type
260-11. in conjunction with the limit
mnd""'-

Capacitance Measurement.
I. Quam aysrals (bla.nks or complete

assemblies) may be checked for capa
citance variations as quickly as they
can be inserted in the test fis:t\lft.
This is performed at &equeocies well
below resonance.

2. Vacuum tube capacitances; i. e.. grid
to cathode and plate to grid (in ui
odes), can be compared quickly.

3. Variable capacitance diodes can be
graded simultaneously fot Q and ca
pacitaDCe at the rate of approximately
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600 to 1000 an hour with simple, 
manually-operated fixtures. 
Rapid relative dielectric constant 
measurements can be made when it is 
necessary to check for statistical or 
control purposes? 
When the dielectric constant of a 
material is constant, the Q Compara- 
tor can be used to indicate relative 
thickness. A fixture described in 
Notebook No. 8 could be used for 
this p ~ r p o s e . ~  The accuracy required 
will determine how elaborate the fix- 
ture must be and what is required to 
prepare the specimen for thickness 
and dielectric measurements. 
Relative moisture measurements of 
materials can be made. Since the Q 
Comparator uses an instantaneous 
two-dimensional presentation, relative 
loss or resistance is always indicated, 
even in low-loss materials. If the 
material is hygroscopic and subjected 
to a controlled environmental humid- 
ity, two indications will be observed. 
Water, which has a dielectric constant 
of approximately 80, will theoretically 
effect the nominal dielectric constant 
of the material when it is dry. This 
will be observed as plus C on the 
indicator for materials with low di- 
electric constants. However, since the 
effect of moisture on the loss factor 
or Q is usually many times the effect 
on the dielectric constant, a decrease 
in Q will be much more obvious and 
would be an indication of the mois- 
ture content. 

After a nominal coil has been set UP 
Statistical Studies 

as previously described, the dot will 
move on the scope face in accordance 
with the per cent variations of L and Q 
of the coils tested. This information is 
not only useful to an inspection depart- 
ment, but can also be utilized by pro- 
duction engineering groups in specifying 
manufacturing tolerances. For example, 
a new component, let’s say a small choke 
coil, is contemplated as an addition to 
a line of products. This component is 
first designed in the engineering depart- 
ment. Several preproduction samples are 
made and checked in the laboratory. The 
next step is to prepare apilot production 
run of a few hundred coils. These can be 
checked and graded on the Q Compara- 
tor in approximately fifteen minutes by 
a non-technical operator. This statistical 
information, together with a count for 
each grade, is then fed back to engi- 

-L’ neering and tolerance distribution 
curves, similar to those in Figure 3, are 
plotted and analyzed. In our example, 

200 - 

150 - 
Y, 
k z 
w 

loo- L 
I \  

I \  
2 
I 
0 U 5 0 -  ; ‘\ 

I \ 
\ 

I \ 

1 1 1  

-20 -10 0 +IO +20 
70 La 

Figure 3. Typical tolerance distribution curves 
for analyzing pilot and production compo- 
nent runs. 

curve (a) in Figure 3 indicates that the 
inductance is averaging approximately 
5% below the expected normal. It is 
immediately evident that action should 
be taken to move this distribution curve 
toward the zero point, or to adjust the 
specifications. This unexpected picture 
prompts us to ask, “Why the difference 
between the prototype and the pilot 
run?” .Possible answers might be dif- 
ferences in coil form diameter, wire 
spacing, lead mounting, and lead dress. 
These effects can be checked by con- 
trolled production runs, analyzed as above. 

Another story is told by the Q Com- 
parator as shown in Figure 3. Here Q 
behaves virtually the same as the proto- 
type with a few miscellaneous deviations 
from the proposed nominal value. 
Greater yield will result if a few simple 
precautions are taken which are sug- 
gested by the curve. Since the Q read- 
ings are predominatly below the standard, 
one would expect, for example, that the 
difficulty is an erratic tensioning system, 
defective forms, contaminated coatings, 
or a hygroscopic problem. 

In the above example we have dealt 
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with a case where the components or its 
specifications may be altered as the re- 
sult of a statistical study. A similar 
method can be used to grade components 
to cover a range of cataloged values 
when the absolute value is difficult to 
control. For example, suppose it is d e  
sired to grade capacitor diodes over a 
range of 5 to 30 ppf in 5 ppf steps. The 
circuit in Figure 4 would be used to 
connect the component to the Q Com- 
parator and to provide the proper bias 
voltage. A nominal value CN would be 
set up as follows. Assume C equals 25 
ppf. If we set one half C equal to 20% 
(the maximum range of the Q Compa- 
rator) we can compute the set up for 
our desired display of 5 to 30 ppf. If 
CN - = 12.5 ppf, then x = 62.5 ppf 

5 
nominal capacitance. We now refer to 
our reactance charts to determine the 
frequency and inductance required for 
these conditions. One hundred micro- 
henries at 2 megacycles is one possible 
combination of frequency and inductance 
that will be satisfactory. Using this as a 
starting point, the frequency and inter- 
nal capacitance can be adjusted to place 
the limits exactly as desired, and the 
CRT screen on the Q Comparator can 
be calibrated in 5 ppf steps. 
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- 
Figure 4. urcu i r  connecrions ror cnecmng capa- 
citor diodes on the Q Comparator. 

A Speed Fixture 
Since speed of measurement is a basic 

advantage of the Q Comparator, we 
would naturally look for means to utilize 
its potential. Figure 5 shows a manually- 
operated fixture designed to minimize 
handling and loading time, thereby 
speeding up component testing. This jig, 
or one constructed along similar lines, 
permits the checking of 500 to 1000 
pieces per hour. 

To go further, the Q Comparator can 
be used as the nucleous of an automated 
high volume testing system. For exam- 
ple, the component jig could be hopper 
fed and motor driven, and a photo elec- 
tric system could be used to reject out 
of tolerence components. The potential 
volume with such a system would be 
limited only by the feed system. 
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600 to 1000 an hour with simple,
--.../ manually-operated fixtures.

4. Rapid relarive dielectric constant
measurements can be made when it is
necessary to check for statistical or
control purposes.·

5. When the dielectric constant of a
material is constant, the Q Compara
tor can be used to indicate relative
thickness. A fixrure described in
Norebook No. 8 could be used for
this purpose.4 The accuracy required
will determine how elaborate the fix
ture must be and what is required to
prepare the spedmen for thickness
and dielectric measurements.

6. Relative moisrure measurements of
materials can be made. Since the Q
ComparatOr uses an instantaneous
two-dimensional presentation, relative
loss or resistance is always indicated,
even in low-loss materials. If the
material is hygroscopic and subjected
to a controlled environmental humid
ity, twO indications will be observed.
Water, which has a dielectric constant
of approximately 80, will theoretically
effect the nominal dielearic constant
of the material when it is dry. This
will be observed as plus C on the
indicator for materials with low di-

'-' electric constants. However, since the
effect of moisture on the loss factor
or Q is usually many times the effect
on the dielectric constant, a decrease
in Q will be much more obvious and
would be an indication of the mois
ture content.

Statistital Studies
After a nominal coil has been set up

as previously described, the dot will
move on the scope face in accordance
with the per cent variations of Land Q
of the coils tested. This information is
nor only useful to an inspection depart
ment, but can also be utilized by pr~

duetion engineering groups in specifying
manufacturing tolerances. For example,
a new component, let's say a small choke
coil, is contemplated as an addition to
a line of produces. This component is
first designed in the engineering depart
ment. Several preproduction samples are
made and checked in the laboratory. The
next step is to prepare a pilot production
run of a few hundred coils. These can be
checked and graded on the Q Compara
tor in approximately fifteen minutes by
a non-technical operator. This statistical
information, together with a count for
each gtade, is then fed back to engi-

'--I neering and tolerance distribution
curves, similar to those in Figure 3, are
plotted and analyzed. In our example,
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curve (a) in Figure 3 indicates that the
inductance is averaging approximately
5% below tbe expected normal. It is
immediately evident that action should
be takeo to move this distribution curve
toward the zero point, or to adjust the
specifications. This unexpected picture
prompts us to ask, "Why tbe difference
between the protOtype and the pilOt
run?" .Possible answers might be dif
ferences in coil form diameter, wire
spacing, lead mounting, and lead dress.
These effects can be checked by con
rrolled production runs, analyzed as above.

Another Story is told by the Q Com
parator as shown in Figure 3. Here Q
behaves virtually the same as the proto
type with a few miscellaneous deviations
from the proposed nominal value.
Greater yield will result if a few simple
precautions are taken which are sug·
gested by the curve. Since the Q read
ings are predominatly below the standard,
one would expect, for example, that the
difficulty is an erratic tensiooing system,
defective forms, contaminated coatings,
or a hygroscopic problem.

In the above example we have dealt
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with a case where the components or its
specifications may be altered as the re
sult of a statistical study. A similar
method can be used togradecomponenrs
to cover a range of cataloged values
when the absolute value is difficult to
comrol. For example, suppose it is de
sired to grade capacitor diodes over a
range of 5 to 30 I'I-'f in 5 I',..J steps. The
circuit in Figure 4 would be used to
connect the component to the Q Com
parator and to provide the proper bias
voltage. A nominal value CN would be
set up as follows. Assume C equals 25
p,d. If we set one half C equal to 20%
(the maximum range of the Q Compa
rator) we can compute me set up for
our desired display of 5 to 30 I'l'f. If
CN-- = 12.5 I',..J, tben x = 62.5 1',,1,
nominal capacitance. We now refer to
our reactance chans to determine the
frequency and inductance required for
these conditions. One hundred micro
henries at 2 megacycles is one possible
combination of frequency and inductance
that will be satisfactory. Using this as a
starring point, the frequency and inter
nal capacitance can be adjusted to place
the limits exactly as desired, and the
CRT screen on the Q Comparator can
be calibrated in 5 ppf steps.

fi" ..", 4. (i,."il <"~"~tio~. to, ,lte,ki~" '''pa
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A Speed Fixture
Since speed of measuremem is a basic

advantage of the Q Comparator, we
would naturally look for means ro utilize
its potential. Figure 5 shows a manually
operated fixture designed to minimize
handling and loading time, thereby
speeding up component testing. This jig,
or one construCted along similar lines,
permits the checking of 500 to 1000
pieces per hour.

To go furrher, the Q Comparator can
be used as the nucleous of an automated
high volume testing system. For exam
ple, the component jig could be hopper
fed and motor driven, and a photo elec
tric system could be used to reject out
of tolerence components. The potential
volume with such a system would be
limited only by the feed system.
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TEST COMPONENT LUCITE OR REXOLITE 

CONTACT SPRING Q C O M P A R ~ T O R  

LEVER I ./CONTACT 

TERMINALS 
INSULATED PIVOT PIN SPRING 

Figure 5. A manually-operated fixture designed 
to speed up component testing on the Q 
Comparator. 

Capacitors As Calibration Standards 
Capacitors are available in virtually 

limitless values and increments and in 
tolerence ranges which are adequate for 

use as standards. 
It is obvious that these capacitors can 

be used to calibrate discrete increments, 
but not so obvious is the fact that the 
same scheme can be applied to coil test- 
ing. The first step is to measure the res- 
onating capacitance on a Q Meter Type 
260-A for the nominal standard. Let us 
assume the capacitance is 100 ppf. Since 
L and C bear the same lelationship with 
respect to the resonant frequency, 596 
L equals 5% C within the specified 
limits. If we wish to calibrate the 5 %  
range in 1% increments, 1 ppf incre- 
ments will be required. The nominal in- 
ductance standard is set up on the Q 
Comparator with 5 ppf external capaci- 
tance and 95 ppf internal capacitance. 
The 5 ppf capacitance is removed in 1 
ppf steps to calibrate the -L range and 
an additional capacitance of 5 ppf is ‘ re- 
moved in 1 ppf steps to calibrate the f L  
range. This operation may be performed 

._ 
extremely rapidly. 

Summary d 
The Q Comparator is a unique instr- 

ment specifically designed for high speed 
production testing of components and 
networks in the RF range from 200 kc 
to 70 mc. Offering instantaneous and 
simultaneous readout of both Q and L-C, 
operation is extremely simple, and speed 
of measurement is limited only by the 
rate at which test components can be fed 
to the measuring circuit. 
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Typical Performance Data for the Type 225-A Signal Generator 
CHANNING S. WILLIAMS, Production EngiBeer 

The development of the General 
Purpose Signal Generator Type 225-A 
is covered in detail in Notebook No. 
2 1.l The catalog specifications define 
the limit performance capabilities quite 
completely. However, the collection of 
data from additional instruments in pro- 
duction more clearly defines the typical 
levels of performance. This article des- 
cribes the performance levels of seven 
typical instruments and is written for 
the guidance of the user who is inter- 
ested in characteristics not usually speci- 
fied. It should be noted that, while the 
data given in this article is typical, it in 
no way modifies the calalog specifications. 

Radio Frequency Characteristics 
Frequency stability is defined as the 

maximum percentage frequency excur- 
sion during a stated time interval. For 
example, the long-term stability speci- 
fied in the catalog for 1 hour (after a 2- 
hour warm up) is 0.01% of the carrier 
frequency or less. 

Warm Up Time 
A typical instrument achieved the 

above defined stability in I/a hour at 10 
mc, 1 hour at 80 mc, 1/2 hour at 160 
mc, and 34 hour at 320 mc. Warm up 
time did not exceed 1 hour at any 
frequency. 
~GOCSS, Charles G., “A General Purpose 
Precision Signal Generator”, BRC Notebook 
No. 21, Spring 1959. 

long-term Stability 
After 2 hours warm up, RF drift for 

1 hour typically varies from 0.001% to 
0.005 % of the operating frequency. The 
sample stability tape (Figure 1) shows 
rapid adjustment during the first 1/2 
hour. Drift during succeediog hours is 
progressively smaller down to the min- 
ute changes caused by line variations, 
FM due to noise, etc. Final stability may 
take 10 hours to achieve and has been as 
good as 300 cycles per hour at 100 mc. 

Figure 1. A graphic record of the long-term RF 
stability of the 225-A. 
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Short-term Stability 
The short-term stability, as specified 

in the catalog, is 0.001% or less of the 
carrier frequency for a 5-minute inter- 
val after a 2-hour warm up. This stabili- 
ty varies from 0.0001% to 0.00075% 
of the operating frequency. After 10 
hours warm up, the frequency change 
at 100 mc has been as low as 80 cps 
for 5-minutes or 0.00008% of the op- 
erating frequency. 

While measuring short-term stability, 
sudden perturbations in frequency oc- 
curred which displayed steep slopes. 
These are caused by noise from the os- 
cillator tubes. Note in Figure 2 that 
the total exczlrsion is minute in each 
case, even though the rate of change may 
be rapid. 
Stability After Operating Controls 

During normal operation of a signal 
generator the frequency controls may be 
set for one frequency and then changed 
to another. In a wide range, continu- 
ously tunable oscillator, there are many 
factors which affect the temperature of 
frequency determining elemmts. Most 
important among these factors is the dc 
power through the tube and the RF cur- 
rent in the inductor. These values are 
affected by several factors: oscillator 
efficiency, which is a function of the- 
tank circuit impedance for fixed opera- 
ting conditions; the amount of feedback, 
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Capacitors As Calibration Standards
Capacitors are available in virtually

limitless values and incrementS and in
wlerence ranges which are adequate for

use as standards.
h is obvious that these capacitors can

be used ro calibrate discrete increments,
but 00( so obvious is the fact mat the
same scheme can be applied to coil test
ing. The first step is to measure the res'
onatiog capacitance on a Q Meter Type
260-A for the nominal standard. l.er us
assume the capaci£lUKe is 100 I'/Af. SillCe
Land C bear tbe.saJ1'le .elationship with
respect to the resonant frequency, 'i',
L equals 5% C withm the speeifll:d
limirs. If we wish to calibrate the 5%
range in 1% incrementS, 1 p,p.f incre
ments wilt be required. The nominal in
ductance stand3rd is set up on the Q
Companuor with 5 P,l'f ~l(ternal capaci
tance and 95 po/A-f internal capacitance.
The 5 p.pof cap;acimnce is removed in I
p.p.f steps to calibrate the -L range and
an addidonal capacimnce of 5 popof is re
moved in Il'p.f steps ro calibratethe+L
range. This operation may be performed

extremely rapidly.
SummtlrY -.....,/

The Q Compararor is a unique imt!
ment specifically designed for high speed
production testing of componenrs and
nerworks in the RF lange from 200 kc
to 70 me. Offering irmanraneous and
simultaneous r~dotlt of Ixxh Q and L-C,
operation is extremely simple, and speed
of measurement is limited only by the
rate:1I which te<;t components can be fed
to the mea~urin~ cirroit.
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Typical Performance Data for the Type 225-A Signal Generator
CHANNING s. WILLIAMS, Production Engi)leer

The development of the General
Purpose Signal Generator Type 225·A
is covered in derail in Notebook No.
21.1 The catalog specifications define
the limit performance capabilities quite
completely. However, the collection of
data from additionaJ instruments in pro
duaion more dearly defines tbe IJpi&aJ.
levels of performance. This ankle des·
cribes the performance levels of seven
typical instruments and is written for
the guidance of the user who is inter
ested in charncteristics nor usually speci
fied. It should be noted that, while the
dam given in this ankle is typical, it in
no way modifies thecalalogspecifkations.

Radio Frequency Characferistica
Frequency stllbiliry is defined as the

maxjmum pc:rcemage frequency excur
sion during a stated time imerval. For
example, the long-term stability speci
fied in the caralog for 1 hour (after a 2
hour warm up) is 0.01% of the carrier
frequency or less.

Warm Up Time
A typical instrument achieved the

above defined stability in Y.z hour at 10
me, 1 hour at 80 me, Y.z hour at 160
me, and Y.z hour at 320 me. Warm up
time did nor exceed I hour at any
frequency.
lGom, Charles G., "A General Purpose
Pr«ition 51811&1 Geoentor", BRe Notebook
ND. 21. Spring 1959.

Long-term Stability
After 2 hours warm up, RF drift for

I hour typically varies from 0.001 % to
0.005% of the opetating frequency. The'
sample stability tllpe (Figure 1) shows
rapid adjustment during the first ~
hour. Drift during succeeding hours is
progressively smaller down to the min
ute changes caused by line variations,
FM due ro noise, etc. Final smbility may
take 10 hours [Q achieve and has been as
&000 as 300 cycles per hour at 100 me.
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Short-term Stability
The mnrt-renn !tability, u spcc.ified -../

in the catalog, is 0.001 % or less ('f the
carrier frequency for a 5-minute imer·
val after a 2·hour warm up. This stabili-
ty varies from 0.0001 % to 0.00075%
of the operating frequency. After 10
hours warm up, the fn.:quency change
at 100 mc has been as low as 80 cps
for 5-minUtcs or OO8%סס.0 of the op
ernting frequency.

While measuring short-term stability,
sudden perturbations io frequency oc'
curred which displayed steep slopes.
These are caused by noise from the os·
cillaror tubes. Note in Figure 2 that
the tOlal Ix&union is minute in ~ch

case, even though the rate of change may
be rapid.
Stability After Operating Controls

During nonnal operatioo of a signal
generator the frequ~ conuols may be
set for one frequency and then changed
to anather. In a wide range, continu-
ously tunable oscillator, there are many
factors which affect the temperature of
frequency determining el~ts. MOst
important among these faaors is the dc
power through the rube and the RF cur·
rent in the inductor. 1hesC' values are
affected by several faaors; oscillator
efficiency, which is a funaion of the-/
tank circuit impedance for fixed opera-
ring conditions; the amount of feedback,
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Range Frequency Maximum Minutes for 
10% RF Change 

1 1 Omc 9 
2 35mc 10.5 
3 68mc 13.8 
4 llOmc 4.3 
5 230mc 4.3 
6 2 7 Omc 5 

Average of a11 readings 2.64 

’ which is also a function of frequency; 
w the operating point of a self-biased os- 

cillator, which is dependant on the fore- 
going; and the tightness of coupling 
to the load, which varies from range to 
range. Any change which affects the 
level of operation will require some def- 
inite time to stabilize, due to the ther- 
mal capacity of the parts involved. We 
may define the point where stabilization 
occurs as the start of the first 5-minute 
interval where the change in frequency 
is less than 0.001% of the operating 
frequency. Table 1 shows a summary of 
data for tuning changes of approxi- 
mately 10% and 20% of the carrier 
frequency. It should not be assumed 

Maximum Minutes for 
20% RF Change 

1 3  
7 

13.8 
6.2 
4.0 
2.31 

6.15 
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Figure 2. A graphic record of the short-term 
RF stability of the 225-A. 

that a change of 20% will take twice as 
long to stabilize as a change of 10%. 
For 31% of the carrier frequencies 
tested for stabilization, the instrument 
“stabilized’ as defined above, within 
$5 minute. 

Data from a typical instrument indi- 
cates that, when operating the Range 
Switch, an average of 7.7 minutes is re- 
quired to stabilize to within 0.01% of 
operating frequency for 1 hour, and 17 

---’ 

TABLE 1 

minutes to stabilize to within 0.001% 
of operating frequency for 5 minutes. 
The longest stabilization time is required 
by range three, which requires 15 min- 
utes to stabilize within 0.01% for 1 
hour, and 35 minutes to stabilize within 
O.OOl%, for 5 minutes. 

For convenience in specifying changes 
in frequency which occur when varying 
the RF level control, the 10% and 20% 
marks on the meter were selected as RF 
level reference points. For the change in 
RF level with the frequency dial set near 
the low frequency end, an average 
change for all 6 ranges was 0.0016% 
of the carrier frequency. Near mid range 
the average for all ranges was 0.0022%, 
and at the high frequency end, the aver- 
age for all ranges was 0.007%. A maxi- 
mum change of 0.018% of the operating 
frequency occured at 19 mc on range 1. 
From 10 to 90 mc, an increase in RF 
level caused an increase in operating 
frequency. The change occured in less 
than 5 seconds at all points. Of course, 
this change is generally unimportant to 
the user since all calibrations have been 
made with the RF level set to red line, 
where the instrument should be used. 

If operation of the generator requires 
frequent adjustment of the attenuator 
near the 100,000 microvolt level, it is 
convenient to compensate for the loading 
effect of the piston on the output tank 
circuit. Compensation may be achieved 
by detuning the amplifier trimmer 
slightly counterclockwise, until variation 
in the attenuator setting causes no visible 
change in the RF level meter indication. 
(Compensation will be accompanied by 
a slight increase in residual FM.) 

The amplifier tank will now have 
more capacitance than at peak (i. e., will 
be tuned lower in frequency than the 
peak). Since the piston loop is in effect 
a shorted turn which will decrease the 
inductance of the amplifier tank when 
coupled closer to it, increased coupling 
will move the peak of the amplifier res- 
onance curve up in frequency. Therefore, 
a judicious detuning of the amplifier 

will allow these two effects to nearly 
cancel, thus eliminating apparent reac- 
tion on the red line reading as the out- 
put is varied. 

With the attenuator compensated as 
described in the preceeding paragraph, 
there was less than 50 cycles frequency 
change as a result of varying the attenu- 
ator from 20,000 microvolts to 100,000 
microvolts over the full range of the 
instrument. When the attenuator was 
uncompensated the change in frequency 
due to loading was of similar magnitude. 

The detenting resettability, or change 
of operating frequency, when moving 
the Range Selector to a high cam posi- 
tion between ranges momentarily and 
resetting to the same range, is less than 
0.01% of the operating frequency when 
detenting from either side and about 
0.006% when detenting from one side. 
Variation in frequency caused by “rock- 
ing” the Range Selector within the detent 
was less than 0.006% for all frequencies. 

Ambient Temperature 
An ambient temperature change for a 

typical instrument caused a 0.03% fre- 
quency change per degree centigrade at 
320 mc and a 0.006% frequency change 
per degree centigrade at 20 mc. Fre- 
quency stability for a 5-volt line change 
was 25 cycles at 10 mc and 500 cycles 
at 320 mc. All frequency changes oc- 
curred in less than y2 minute. 

Amplitude Modulation 
Characteristics 

One of the characteristics measured 
during the data taking process was inci- 
dental FM due to 30% AM.Themethod 
described below was used to measure 
incidental FM, residual FM, and desired 
FM. The test set up, shown in Figure 3, 
is actually a wide band receiver employ- 
ing a descriminator with very good AM 
rejection. Limiting is achieved in the 
H-P 500B frequency meter. The input 
to this frequency meter must be suffi- 
cient to saturate it. The other instru- 
ments used are typical of many that will 
do the job. The audio amplifier used 
was a 2% instrument covering 10 to 
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which is also a function of frequency;
"-' the o~rating poim of a self·biased os

cillator, which is dependant on the fore
going; and the tighmess of coupling
to che load, which varies from range to
range. Any change which affects the
level of operation will require some def
inite (ime to scabilize, due ro the Iher
mal capacity of the pans involved. We
may define the point where scabilization
occurs as the Stan of the first 5·minute
interval where the change in frequency
is less than 0.00 I% of (he operating
frequency. Table 1 shows a summary of
data lor tuning changes of approxi
mately 10% and 20% of the carrier
frequency. h should not be assumed

i' r

" V V

" V V

" V V

10.0'" ~.

"
IlIO ,y,~........ pe;"",._

Vo.oooon.,.
V

'l"- V

'" vV
L '" ~

'itr.... 2. A "tOp~;' tKo<d ." ,~. oIIo"~,,,,
aF lIoj,mly 0' ,Jo. nS_A.

that a change of 20% will cake twice as
long to stabilize as a change of 10%.
For 31 % of the carrier frequencies
tested for stabilizadon, the instrument
"stabilized" as defined above, within
~ minute.

Data from a typical instrument indio
cates that, when operating the Range

_ Switch, an average of 7.7 minutes is reo
quired to stabilize to within 0.01% of
operating frequency for 1 hour. and 17

minutes ro scabilize to within 0.001%
of operating frequency for 5 minutes.
The longesr stabilization timeisrequirl:<!.
by range three, which requires 15 min·
utes to stabilize wilhin 0.01 % for I
hour, and 35 minutes to stabilize within
0.00 I%, for 5 minules.

For convenience in specifying changes
in frequency which occur when varying
Ihe RF level control, the 10% and 20%
marks on the meter were selected as RF
level reference points. For the change in
RF level with the frequency dial set near
the low frequency end, an average
change for all 6 ranges was 0.0016%
of the carrier frequency. Near mid range
the average for aU ranges was 0.0022%,
and at tne high frequency end, the aver·
age for all ranges was 0.007%. A maxi·
mum change of 0.018% of the operating
frequency cxcured at 19 me on range I.
From 10 to 90 mc, an increase in RF
level caused an increase in operating
frequency. The change occured in less
than 5 seconds at all poin[$. Of course,
this change is generally unimportant to
the user since all calibrations have been
made with the RF level set to rl:<!. line,
where the insuumem should be used.

If operation of the generator requires
frequent adjustment of the attenuator
near the 100,000 microvolt level, it is
convenient to compensate for the loading
effen of the piston on the output rank
circuic. Compensation may be achievl:<!.
by delUning the amplifier trimmer
slightly counterclockwise, umil variation
in the attenuator setting causes no visible
change in the RF level meter indication.
(Compensation will be accompanied by
a sli~ht increase in residual FM.)

The amplifier rank will now have
more capllcirance than a( peak (i. e., will
be tuned lower in frequency than the
peak). Since che piston loop is in effect
a shorted turn which will decrease the
inductance of the amplifier tank when
coupled closer to it. increasl:<!. coupling
will move the peak of the amplifier res·
onance curve up in frequency. Therefore,
a judicious dernning of the arnplilie:

5

will allow these twO effecrs to nearly
cancel, thus eliminating apparem reac·
tion on the rl:<!. line reading as the OUI

pUI is varied.
With the atcenuator compensated as

described in the preceeding pat:l.graph,
there was less chan 50 cycles frequency
change as a result of varying the anenu·
awr from 20,000 microvoltS to 100,000
microvoltS over the full range of the
instrument. When Ihe attenuator was
uncompensated the change in frequency
due to loading was of similar magnitude.

The dereming resettability, or change
of operating frequency, when moving
the Range SelectOr to a high cam posi·
don between ranges momentarily and
resetting to the same range, is less than
0.01 % of the operating frequency when
deteming from either side and about
0.006% when deteming from one side.
Variation in frequency caused by "rock·
ing" the Range Selectorwithinthedetcnt
was less than 0.006% for all frequencies.

Ambient Temperature
An ambient temperatUre change for a

typical insuument caused a 0.03% fre
quency change per degree centigrade at
320 me and a 0.006% frequency change
per degree centigrade at 20 me. fre
quency stability for a 5·volt line change
was 25 cycles at 10 mc and 500 cycles
at 320 mc. All frequency changes oc
curred in less than Y.l minute.

Amplitude Modulation
Characteristics

One of (he characleristics measured
during (he data caking process was inci
dental FM due to 30% AM. The method
described below was used to measure
incidental FM, residual FM, and desired
FM. The tesc set up, shown in Figure 3,
is acrually a wide band receiver employ
ing a descriminator with very good AM
rejection. Limiting is achieved in the
H-P 5008 frequency meIer. The input
to Ihis frequency meter must be suffi
cient to saturate ir. The other insuu·
ments used are cypical of many that will
do the job. The audio amplifier used
was a 2% instrument covering 10 to
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150,000 cps. The local oscillator is an- 
other Type 225-A Signal Generator. The 
local oscillator is set at 100,000 micro- 
volts and the output of the generator 
under test is set at 20,000 to 50,000 
microvolts. This difference is necessary 
to insure linear operation of the mixer. 
The setup used permits the reading of 
deviations of less than 100 cycles. Verti- 
cal deflection represents deviation. 

To measure the incidental FM, which 
we define as frequency deviation due to 
amplitude modulation, the generator un- 
der test is modulated 30% with 1000 
cps and the scope pattern is measured 
from peak to peak (less the width of the 
trace) . With no modulation, the indica- 
tion then represents residual FM from 
all sources other than AM. A typical 
225-A Signal Generator exhibits 400 to 
800 cycles incidental FM at 18 mc and 
even less at other frequencies. For ex- 
ample, 200 to 350 cycles incidental FM 
is exhibited at 160 mc. 

The incidental FM due to 30% AM, 
as measured on a typical instrument for 
audio frequencies of 400, 1000, 4000, 
and 10,000 cps at carrier frequencies up 
to 20 mc, showed no dependance on 
modulating frequency. 

Frequency Modulation 
Characteristics 

Although the instrument was basically 
designed for amplitude modulation, pro- 
vision has been made for frequency 
modulation from an external source. The 
resulting FM is useful over the 160 to 
500 mc portion of the range. 

The audio response of the FM chan- 
nel is down 3 db at 400 and 12,000 cps. 
It is also possible to obtain narrow devi- 
ation FM from the internal modulation 
oscillator by connecting a resistor from 
the AM external modulation binding 
post to the FM binding post. Use of a 
resistor as low as 1000 ohms for this 
purpose will not significantly increase 
the distortion on the modulating signal. 
See Table 2 for typical deviations ob- 
tainable with different resistor values. 

Modulating Oscillator 
Output from the internal audio oscil- 

lator is available at the AM binding post 
when the AM Selector is in either the 
400 or 1000 cps position. This output is 
approximately 12 volts RMS and ty- 
pically has 0.6% distortion with no ex- 
ternal load. The distortion of the 
modulating oscillator in a typical instru- 
ment, when grounded externally through 
3300 a, is 0.9%. 

Pulse On-Off Ratio 
The generator output may be pulsed 

by applying a pulse to the AM modula- 

Deviation 
RF Cycles 

Figure 3. Test sei up for measuring incidental FM on the 225-A. 

TABLE 2 

1 
100 

1,740 
2,170 
7,550 
4,360 
11,000 
22.300 
25,000 

148 
155 
165 
170 
174 
185 
205 

15,050 
220 216 I 25,800 

6,900 
10,300 
7,050 
9,650 
22,100 
22,100 

181,000 
263,000 

460 188,000 
465 21 1,000 
470 460,000 

1000 cps 
, Modulation 
RMS Voltage 

25 
20 
26 
24 
24 
26 
24 

20 
18 
21 
16 
19 
23 
20 
17 

21.5 

24 
25 

16.5 
16.5 
23.5 

limiting 
Factor 

10% Dist. 
10% Dist. 
10% Dist. 
10 9.6 Disc. 
10% AM 
10% Dist. 
10% Disc. 

10% Disc. 
10% Dist. 
10% Dist. 
10% Dist. 
10% Dist. 
10% Dist. 
10% Disc. 
10% Dist. 
10% Disc. 

10% Dist. 
10% Dist. 
10% AM 
10% Disc. 
10% Dist. 

*Resistor connecting internal oscillator to PM audio input. ' *Recovered audio distortion less than 4 96. 

Far 5,000 - Deviation 

13.7 Volts 

4,700 Ohms+ 
4.7 5,600 
5.7 3,900 
4.1 6,800 
For 75,000 - Deviation 

RMS Voltage I Resistor" 

2.200 
2,700 
3,300 

3.8 8,200 

tion terminals with the AM level control 
in Pulse position. Typical DC pulse on- 
off ratio for -IO volts bias is given 
below. 

10 mc 40 db 
15 mc 36 db 

150 mc 25 db 
700 mc 24 db 
450 mc 22 db 

Conclusion 
The Type 225-A Signal Generator is 

a truly general purpose generator, pro- 
viding exceptionally low incidental FM 
and excellent frequency stability. It is 
hoped that this additional information 
regarding the performance of the instru- 
ment will prove valuable to the user and 
increase the utility of his 225-A Signal 
Generator. 

'2 
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O$CllLOSCOP[
(DUI.OONT 304M

OR EQUIV )
C.... l VERTICAL.lY
fOR DEVIATION

Condusion
The Type 225-A Signal Generator is

a auly general purpose generator, pro
viding exceptionally low incidental FM
and excellem frequency stability. It is
hoped that this additional information
regarding the performance of the insau
ment will prove valuable to the user and
increue the mility of his 225-A Signal
Generator.

40db
;6 db
25 db
24 db
22 db

IO~

,,~

150 me
700 me
450mc

tion terminals with the AM level control
ill Pulse position. Typical IX: pulse on
off ratio for -10 vola bias is given.
b<low.

150,000 cps. The local oscillator is an
other Type 225-A Signal Generator. The
loal oscillator is set" at 100,000 micro
volts and the' OUtput of the gene'rator
under teSt is set at 20,000 to 50,000
microvolts. This difference is necessary
to insure linC'U operarion of the mixer.
The setup used permits the reading of
deviations of IC'SS than 100 cycles. Veni·
cal deflection represeDts deviation_

To measure the incidental FM, which
we define as frequency deviation due to
amplitude modulation, the generator un·
der test is modulated 30% with 1000
cps and the scope pattern is measured
from peak to peak (less the width of the
trace). With no modulation, the indica
tion then represents residual FM from
all sources other than AM. A typical
225-A Signal Generacor exhibits 400 to
800 cycles incidental FM at 18 me and
even IC'SS at Other frequencies. For ex
ample, 200 to 350 cycles incidental FM
is exhibited at 160 mc.

The incidental FM due to >0% AM,
IL5 measured on a typical instrument for
audio frequencies of 400, 1000, 4000,
and 10,000 cps ar carrier frequencies up
to 20 me, showed 00 dependance on
modulatiog frequency.

Frequency Modulation
Characteristiu

A!thou,lth the instrument was basically
designed Tor amplirude modulation, pro
vision has been made for frequency
modulation from an external source'. The
resulting FM is useful over the 160 ro
500 mc portion of the range.

The audio response of the FM chan·
nel is down 3 db at 400 and 12,000 cps.
It is also posSible co obtain narrow devi
adon PM from the internal modulation
oscillacor by conneaing a resislOf from
the AM exrernal modulation binding
post to the FM binding post. Use of a
tesistor as low as 1000 ohms fOf this
purpose will not significantly increase
the distortion on the modulating signal.
See: Table 2 for typical deviations 0b
tainable with different resistor values.

Moduloting Oscillator
Output from the internal audio oscil

btor is available at the AM binding post
when the AM Seleaor is in either the
400 or 1000 cps position. This OUtput is
J.pproximately 12 vola RMS and ty
pically has 0.6% distortion with no ex·
tcrnal load. The distonion of the
modulJ.ting oscillator in a typical instru
ment, when grounded extemaUy through
3300 n, is 0.996.

Pulse On-Off Ratio
The generator output may be pulsed

by applying a pulse to the AM modula·

•
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MEET O U R  REPRESENTATIVES 
EDWARD A. OSSMANN AND ASSOC., INC. 

Edward A. Ossmann and Assoc., Inc. 
has sold and serviced BRC instruments 
in the Upstate New York area, continu- 
ously since 1947. The Company main- 
tains its headquarters in Rochester, with 
branch offices in Syracuse and Bing- 
hamton. 

Edward Ossmann, founder of the 
Company, obtained his EE degree from 
Manhattan College in 1943. After serv- 
ing successively as Test Engineer for 
General Electric Co. and Engineering 
Manager with the DuMont Laboratories, 
Mr. Ossmann entered the field of Sales 
representation in 1946. This was the be- 
ginning of a career which was to see his 
organization progress from a one-man 
effort to the 2 3-employee organization 
it is today. 

After the untimely death of Mr. 
Ossmann in 1959, Mr. RQY Smart, who 
had joined the organization early that 
year, became a Director of the Company, 
and serves now as Vice-president and 
General Manager. Mr. Smart, a native of 
England, moved to Toronto, Canada in 
1947. He held the post of Works Mana- 
ger for the Instrument Division of Fer- 
ranti Electric, Ltd. from that year until 
1954, when he became Manager of the 
Canadian Division of Helipot Corp. He 
held the latter position until 1955 when 
he joined the Ossmann organization. 

Sales Manager of the Company is Mr. 
John Jordan who joined the organization 
in 1958, bringing with him years of 
experience as Electronic Engineer with 
Bell Aircraft and Area Sales Manager 
with Motorola. 

The Company established their head- 
quarters in a new building in Rochester 
in 1955. Over 6000 square feet in area, 
the building comprises complete office, 
service, and warehouse facilities. The 
main functions of accounting and clerical 
services are carried out at this location, 
although both the Syracuse and Bing- 
hamton branches are equipped to pro- 
cess and expedite customer orders. All 
locations have TWX and Western Union 
service and are in constant communica- 
tion with the Company’s principal 
factories. 

All of the instruments sold by the 
Company are serviced by Brighton Elec- 
tronic Laboratories, a Division of Ed- 
ward A. Ossmann and Assoc. This 
group is completely equipped to provide 
calibration and repair service on all 
BRC instruments. a time when the calibration is known to 

Edward A. Osrmann 6 Arroc. headquarfers 
in Rochester, N. Y. 

Edward A. Ossmann and Assoc. has 
endeavored over the years to sell and 
service only the finest precision electro- 
nic instrumentation. It is their firm be- 
lief that initial sale of an instrument 
represents only a small part of their 
obligation to their customers. To assist 
in the selection of proper instrumen- 
tation for each individual application, 
and to provide quick and reliable repair 
service to insure that the instruments 
they sell continue to fulfill the customer’s 
needs is, they believe, their primary 
objective. 

BRC is proud of its association with 
Edward A. Ossmann and Assoc. and is 
grateful for the record of dependable 
service this Company has rendered to 
our many customers in the Upstate New 
York area. 

SERVICE NOTE 
Checking RX Meter Calibration 
The following techniques are given 

as an aid to those persons responsible 
for the maintenance and calibration of 
the RX Meter Type 250-A. It is not in- 
tended that the methods described be 
used to establish absolute calibration of 
the instrument, but rather, to provide 
an approximate or relative check as well 
as an indication of a change in calibra- 
tion. In many cases, the techniques des- 
cribed will obviate the need for returning 
to the factory instruments which are 
thought to be performing improperly. 

R, DIAL 
The Type 5 15-A Coaxial Adapter Kit, 

with its 50-ohm termination resistor, 
will check the R, dial over the entire 
frequency range at the %ohm point. 
For checking other points on the R, dial, 
stable film resistors with short and con- 
trolled lead shape and length may be 
connected to the RX Meter terminals 
and used to prepare frequency curves of 
R,. This should be done after the instru- 
ment is received from the factory, or at 

be accurate. The film resistors, appro- 
priately labeled, together with the curve 
data, could then serve as reference stand- 
ards for the activity responsible for in- 
sur ing proper  opera t ion  of t h e  
instrument. 

C, DIAL 
High quality capacitors with short and 

controlled lead shape and length may be 
connected to the RX Meter terminals 
and used to check the calibration of the 
C, dial. When the instrument is known 
to be accurately calibrated, the capacitors 
are used to prepare frequency curves of 
C,. The labeled capacitors, together with 
the curve data, are then used as refer- 
ence standards for subsequent calibration 
checks of-the C, dial. 

A precision variable capacitor may be 
similarly used to check the C, dial cali- 
bration as follows. 

1. Select a coil that will resonate with 
the precision capacitor at 120 ppf with 
the RX Meter C, dial set to f20 ppf 
at a frequency in the lowest band, 

2. Connect the coil and the precision- 
capacitor to the RX Meter terminals, 
using the shortest leads possible. 

3. Set the RX Meter at zero C,, the 
precision capacitor to I15 ppf, and ad- 
just the frequency until a null is obtained. 

4. Decrease the capacitance of the 
precision capacitor in the desired steps 
(e. g., 10 ppf) and readjust the RX 
Meter C, dial for null. 

5. Record the C, dial readings from 
which a calibration curve can be prepared. 

(500-1000 kc). 

W. J. CERNEY J O I N S  
BRC A S  SALES ENGINEER 
Many of our customers in the Metro- 

politan Philadelphia and Washington, 
D. C. area have already met Willard J. 
“Will” Cerney, recent addition to the 

W. 1. CERNEY 
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MEET OUR REPRESENTATIVES
EDWARD A. OSSMANN AND ASSOC., INC.

-

Edward A. Ossmann and AMoc., Inc.
has sold and serviced BRe insuuments
in th~ U~t~ New York area, continu
OU$ly siDC~ 1947. Th~ Company main
wns irs headqUllt~rs in Rochest~r, with
branch offices in Sy~ and Bing
hamton.

Edward Ossmann, fOllnd~r of th~

Company, obtained his EE degree from
Manhamln College in 1943. After serv
ing sucassively as Test Engineer for
General Electric Co. and Engineering
Manager with the DuMonc Laboratories,
Mr. Ossmann entered the field of Sales
reptesencation in 1946. This was the be
ginning of a career which was to sec his
organiution progress from a one-man
effort to the 23-employee organiution
it is today.

Aftel the untimely dearh of Mr.
Ossmann in 1959, Mr. Roy Smarr, who
had joined tbe organization early that
year, became a Director of me Company,
and scrves now as Vice-Presidem and
~ra.l Mamger. Mr. Sman, a mtive of
England, moved to Toronto, Canada in
1947. He held the post of Works Marui
8e1" for rhc lnsrrument Division of Fer·
rand E1ecuic, ltd. from that year until
1954, when he beamc Manager of the
Canadian Division of Hclipcx Corp. He
held the laner position until 1955 when
he joined the Ossmann otganwtion.

Sales Manager of the Company is Mr.
John Jordan who joined the organiution
in 1958, bringing with him yem; of
experience as Electronic Engineer with
Bell Aircraft and Area Sales Managet
with Motorola.

The Company established their head·
quarters in a new building in Rochester
in 1955. Over 6000 square fcct in area,
Ihe building comprises complete office,
service, and warehouse facilities. The
main functions of accounting and derical
services are carried our at Ihis location,
although both me Syracuse and Biog
harmon branches are equipped to pro
cess and ex:pcdite customer orders. All
loationshavelWX. and Western Union
.service and are in constant communia
tion with the Company's principal
facrories.

AU of th~ instrumems sold by the
Company are serviced by Brighton Elec
tronic Laboratotie:s, a Division of Ed·
ward A. Ossmann and Assoc. This
group is completely equipped to provide
calibration and repair service on aU
BRC instruments.

EdwanJ A. O_a"" & A....... It""'qua"'"
;. """"eat." N. Y.

Edward A. Ossmann and Assoc. has
endeavored over the years to se:ll and
service only the finest precision electro·
nic instrumentation. It is their firm be
lief that initial sale of an instrument
represents only a small pan: of their
obligation ro their CUStomers. To assist
in the seleaion of proper instrumen
tadon for each individual appJiacion,
and 10 provide quick and reliable repair
service to insure that rhc instruments
mey$dJcominueto fulfill the CUSlOmer"s
needs is, they believe, their primary
objective.

BRC is proud of irs association wim
Edward A. Ossmann and Assoc. and is
grateful fot tbe record of dependable
service this Company has rendered to
our many CUStomers in the Upstate New
York area.

SERVICE NOTE
Checking RX Meter Calibration
The following techniques are given

as an aid to those persons responsible
for the maintenance and calibration of
the R.X Meter Type 250-A. It is not in
tended that the methods described be
used to establish absolute calibration of
the instrument, but rather, to provide
an approximare or relative check as well
as an indication of a change in calibra
tion In many cases. the techniques des
cribed will obviare me need for reruming
to the factory instruments which are
thought to be performing improperly.

R, DIAL
The Type: 515-A Coaxial Adapter Kit,

with irs 50-0hm termination resistor•
will chcck the Rp dial over me entire
f.requeocy range at the 5<kXun point_
For checking Other points on the~dial,

sttble film resistors with shOrt and coo
trolled bd shape and length may be
conoecced to the RX Meter terminals
and used to prepare frequency curves of
Rp. This should be done after the instru
ment is received from the factory, or at
a tUne when the calibration is known to
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be accutlue. The film resistors, appro
priately labeled, togethet with the curve
dara. could then st:rve as reference stand·
ards for Ihe activity responsible for in
suring proper operation of the
instrument.

C, DIAL
High qualiry capacitors with shorr and

conrrolled lead shape and length may be
connected to me RX Meter terminals
and used to check the calibration of the
Cp dial. When the insuumem is known
to be accurately calibrated, the capacitors
arc used to prepare frequency curves of
Cop. The labeled capadwr~, w8clhcr with
the curve data, are then used as refer
ence standards for subsequent calibration
checks or the c.. dial.

A precision variable capacitor may be
similarly used to check the c.. dial cali.
bration as follows.

l. Select a coil that will resonate with
Ihe precision capacicot at 120 Jl.Jl.f with
the RX Meter c.. dial set co +20 Jl.Jl.f
at a frequency in the lowest band,
(500-1000 kc).

2. Conn«t the coil and [be precision
capacitor to the RX Meter rerminals,
using the shonesr leads possible.

3. Set t~ RX Meter at zero c.. me
precision apaciror to 115 ~,and ad·
JUSl [he frequency until a null isobuined.

4. Decrease the capacil1llce of the
precision capacilOr in !he desired Stcp5
(e. g., 10 ~) and readjUSt the RX
Meter Cp dial for null.

5. Record me Cp dial readings from
which acalibration curve can be prepared.

w. J. CERNEY JOINS
BRC AS SALES ENGINEER
Many of our customers in the Metro

politan Philadelphia and Washington,
D. C. area have already met Willard J.
"Will" Cerney, tecent addition co the

W. J. CElNFf
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BRC Sales Engineering staff, during his 
visits to those areas. “Will” came to BRC 
from Link Aviation, Inc. where he 

, worked with instrument trainers, simu- 
lators, and associated testing systems, and 
participated in that Company’s training 
program. Before that time, he was em- 
ployed by Harnishfager Corp. of Mil- 
waukee, Wisconsin where he assisted in 
the setting up of a new production 
control system. 

“Will” attended the Milwaukee School 

of Engineering, the University of Min- 
nesota, and Broome Tech. in Bingham- 
ton, New York. While with the U. S. 
Army from 1948 to 1952, he gained 
experience repairing radar, navigational, 
and communications equipment. 

During the short time he has been 
with BRC, “Will” has been instrumental 
in solving many customer problems and 
would welcome the opportunity to be of 
further service to our many customers 
in this area. 

EDITOR’S NOTE 
Q Meter Contest Winner 

Again this year, the problem coil down their estimate on the contest card. 
They were last seen as they disappeared 
into the stampeding crowd. 

displayed at the BRC during the IRE 
show drew a host of hopefuls armed 
with slide rules, pad and pencil, and 
crystal balls. Viewing the “monster coil” 
from every conceivable angle, they slow- 
ly lapsed into a stupor, seemingly obli- 
vious to all the commotion around them. 
Moments later, once again among the 
living, our friends began their frenzied 
manipulation of slide rules and delved 
into page after page of complicated 
mathematical computations. With the 
last stroke of the pencil their faces 
broke into a smile rivaling that of the 
cat who joined in the search for the 
missing canary and they quickly jotted 

The, coil has been measured and the , ~ 

4) story can be told. The Q of the coil. 
measwed at 500 mc on a developmental 
model of the UHF Q Meter Type 280, is 
395. The inductance of the coil is 
9.3 mph. 

Winner of the contest and the Type 
160-A Q Meter is William F. Byers of 
General Radio Co. in West Concord, 
Mass. Other contestants whose estimates 
are certainly worthy of note are listed 
below. 
Estimate 

386.5 J. H. Marchese, Data Control Sys- 
tems, Inc., Danbury, Conn. 

386.5 E. H. Scannell, Jr., Ft. Trumbull, 
New London, Conn. 

392 F. Haferd, North Electric, 
Galion, Ohio 

392 J. F. Pryrt, Okonite Co., Passaic, N.J. 
398 D. T. Walker National Lead Co., 

South Ambov. N. T. 
400 

400 

400 Vincent Vinci. Vitro Labs. 

J. Bullinga, Natioial Coil Co., 
Sheridan, Wyo. 
W. D. Street, Delta Coil, Inc., 
Paterson, N. J. 

W. Orange, N‘. J. 
403 Alan Sobel, Polytechnic Institute of 

Brooklyn, Brooklyn, N. Y. 
405 George Kelk, George Kelk Ltd., 

Willowdale, Ontario, Canada 
405 Harry M. Blombaum, Radio Corp. 

of America, Camden, N. J. 
Our congratulations to Mr. Byers and _ _  

sincere thanks to our many friends who - 
visited us at the show. 4 

ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
7900 Zuni Road SE 
Telephone: AMherrt 8-2478 
TWX: AQ 70 

ATLANTA, Georgia 
BlVlNS & CALDWELL, INC. 
3133 Maple Drive, N.E. 
Telephone: CEdar 3-7522 
Telephone: CEdar 3-3698 
TWX: AT 987 

BINGHAMTON, New York 
E. A. OSSMANN & ASSOC., INC. 
149 Front Street 
Vestal New York 
Telephbne: STillwell 5-0296 
TWX: ENDICOTT NY 84 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
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The coil ha5 been measured and the
story Oln be told. The Q of d~ coil.
measured at :500 mc on a developmental
model of the UHF Q Meter Type 280. is
395. The inductance of the coil is
9.3 m~.

Winner of the comest and the Type
160-A Q Meter is William F. Byers of
General Radio Co. in West Concord,
Mass. Other comenams whOSC' estimates
arc certainly wonhy of note are listed
below.
Estimlle

)16,5 J, H. MArche5e, Data Control sy,·
remt, In,., Danbwy, Conn.

316.5 E. H. Sca.nneJl, Jr., Fl. Trumbull,
New London, Conn.

392 P. Haferd, North F.Ieark,
Galion, Ohio

392 J. F. Pryn, Okonire Co., Passak, N.].
391 D. T. Walker National Lead Co.,

Sourh Amboy, N. J.
400 J. BullinS_, National Coil Co.,

Sheridan, Wyo.
400 W. D. strttl, Delta Coil, lr>t.,

PaleNOn, N. ].
400 Vincent Vinci, Vitro Labs,

W. O..n8<', N. J.
443 Alan Sobf:I, PoIrtecbnk Institure of

Brookl,n, BrookJ,n, N. Y.
405 Georse Kdk, George KeIk Ltd.,

WillowdaJe, Ontario, Canada
405 HaltJ M. Blombaum, Radio Corp.

of .Ammca. Camden, N. J.
Our congratulations to Mr. Byen and

sincere thanks to our many friends who
visited us at the show.

of Engineering, the University of Min
nesota, and Broome Tech. in Bingham
ton, New York_ While with the U. S.
Army flQiD 1948 to 1952, he gained
experience: repairing radar, navigational,
and communiations equipmem_

During lh~ shon time he has been
with BRC, 'WiII" hu been insuumemal
in solving many customer problems and
would welcome the opportunity to be of
further scrvi~ [0 our many CUSlOmen
in this area.

BRC Sales Engineering staff, during his
visits to thOSC' areas. "WiU" came to BRC
from Link Avialioo, Inc. where he
worked with ilt'itrulDC."nI uain~rs, simu·
lators, and associated tcstingsystem.s,and
poinicipated in that Compoiny's training
program. Before that time, he wu em·
ployed by Harnishfager Corp. of Mil
wauk~, Wisconsin where he assisted in
the ~ing up of a new production
comrol system.

"Will" att~nded the MiJwauk~School

EDITOR'S NOTE
Q Meter Contest Winner

Again this year, the problem coil down their estimate on the comest card.
displayed at the BRe during the IRE They were last seen as they disappeared
show drew a hosl of hopefuls armed into the stampeding crowd.
with slide rules, pad and pencil, and
crystal balls. Viewing the "mOnster coil"
from every conceivable angle, they slow.
ly lapsed imo a stupor, seemingly obli
vious [0 all the commotion around them.
f,loments Illter, once again among the
living, our friends began their frenzied
manipulation of slide rules and delved
intO page after page of complicated
mathematical computations. With the
last stroke of the pencil their faces
broke imo a smile rivaling that of the
Cit who joined in the search for the
missing canary and they quickly jotted

•
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DEC 2 3  19m 
Transistor Current Gain Determination With 

Transistor Test Set And The RX Meter 
The 

CHARLES W. QUINN, Sales Engineer 

This article presents a discussion of a 
method for determining transistor para- 
meters p, Po, hie, hibr f& fT, and Kfa ,  
using the Transistor Test Set Type 275-A 
and the RX Meter Type 250-A, together 
with a step-by-step procedure and an 
example employing this method. Equa- 
tions are also included for determining 
parameters t,, tf, and Gmt. Terms used 
throughout the discussion are defined 
below. 

P 
,- 

-i.l 

IP01 

hie 

K 
a! 

Definition of Terms 
(hfe) Small-signal, short-circuit cur- 
rent gain, common emitter config- 
uration. p will be used in prefer- 
ence to hi, in order to simplify 
subscripts. 
Same as P above except that the 
frequency involved is well below 
cutoff for transistors with neglig- 
ible phase shift at 1 kilocycle in 
the common base configuration 

Small-signal ac input impedance, 
common emitter configuration, 
output short circuited (hll,) . 
Small-signal ac input impedance, 
common base configuration, out- 
put short circuited (hllb). 
p cut-off frequeyy. The frequency 
at which IP1 is -3db down from 

The frequency at which 1/31 equals 
unity or zero db. This is also the 
transistor gain bandwidth prod- 
UCt.1. 8 
K is the base grading factor.' 
( hm) Small-signal, short-circuit 

( f a  2 500 kc). 

] P o l ,  (.7071poI). 

fff 

ff" 

P 
S 

current gain, common base con- 
figuration. 
fff is the ff (hfb) cut-off frequency 
where la1 is -3dbdownfrom Ia0l. 
Same as a! above except that the 
frequency involved is well below 
cutoff for transistors with neglig- 
ible phase shift at 1 kilocycle in 
the common base configuration. 
Any arbitrarily chosen frequency 
of measurement. 
Transistor rise time of the satu- 
rated common emitter switch? 
Transistor fall time of the satu- 
rated common emitter switch.* 
Transistor transconductance, 

grounded emitter -. 
sic 

a v b e  
Ratio of IPol/lPI. 
Ratio f/fp. 

Figure 1 .  location of Important Transistor Para- 
meters on Relative Frequency and Amplitude 
Basis. 

Method for Determining Parameters 
The method used for determining 

transistor parameters P, Po, hie, hib, fk, 
fT, and Kfa, is based on the theory tRat 
p ( hfe) follows, to a very close approxi- 
mation, the classical 6db-per-octave slope 
as a function of frequency (Figure 1 ) ? 3  
This is true for all transistors that are 
currently in production. This character- 
istic is expressed by the equation: 

Actually, this method requires but 
three simple measurements; lPol on the 
275-A Transistor Test Set and hi, and 
hib on the 250-A RX Meter. These meas- 
urements are then used to characterize 
many low and medium-power transistors 
in the frequency range of 1 kc to well 
above 1 kmc. is computed from the 
two two-terminal RX Meter measure- 
ments and compared to /pol which is 
read directly on the Transistor Test Set. 
The ratio of Ip0l/lpI is then used in 
conjunction with the curve in Figure 2 
to determine the various other para- 
meters. 

Two jigs are required for use in mak- 
ing the RX Meter measurements. Sche- 
matic diagrams of these jigs are shown 
in Figure 3A and C on page 3 of Note- 
book number 19. A suggested design 
for the jig is shown in Figure 5. It is 
recommended that the RX Meter meas- 
urements be made at a frequency ( f ) of 
approximately 0.2fT. 

Figure 1 shows, graphically, the loca- 
tion of the important parameters on a 
relative frequency and amplitude basis. 
Point A (0.2fT) on the straight-line 
section of the curve is the center of the 
area recommended for optimum accuracy 
when making high-frequency RX Meter 
measurements. A more detailed discus- 
sion of accuracy will be undertaken later 
in the article. It can also be seen in 
Figure 1 that fff is always greater than 
fT. It has been shown that fff does not 
always adhere to a 6db-per-octave slope.2 

Procedure for Determining 
Parameters 

The following is a step-by-step pro- 
cedure for determining transistor para- 
meters in accordance with the method 
discussed in the previous paragraphs. 
The data obtained may be conveniently 
recorded on a data sheet (Figure 3 ) as 
a part of the procedure. 
Determination of p 
1. Measure the R, and C,  values COI- 

BOO HT0H RA0I 0 COR P0RAT I 0 H BOO HT0 H, HEW JE RSEY
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This anicle presents a discussion of II

method for determining Il'ansiswr pam
meters p, /3", hi", hlb, f8, fT, llnd Kfa ,
using the Tntosisror Tcst Set Type 275·A
lind the RX Meter Type 250-A, together
with a step.by-step procedure and an
example employing Ihis method. Equa.
tions are also included for determining
parameters [" It, and Gm,. Terms used
throughout the discussion are defined
below.

lito".. I. 1",,0';"" of J",po.,.."t Tt....." .., , ....._
_Ie "."',.... I ....ulr#tCy .." Amplitud.
a ..

Acmally, this method requites but
three simple measurements; l,Bol on the
21"j·A Transisror Test Set and hl~ and
hll, on the 250·A RX Meter. These meas·
urements are then used to characterize
many low and medium-power transislors
in the frequency range of I kc ro well
above I kmc. 1131 is computed from Ihe
twO [Wo-terminal RX Mtter measure
menrs and compared ro JP"j which is
read directly on the TransistOr Test Set.
The ralio of IP..I/I,61 is then used in
conjunCtion with the curve in Figure 2
(0 dere:rmine the various Other para
meters.

Two jigs are tequited fOf use in nuk
ing Ihe: RX Mete:r measuremena. Sche
matic diagrams of Ihese jigs ate shown
in Figure 3A and C on page 3 of NOte·
book number 19. A suggested design
for the jig is shown in Figure ~. It is
recommended that the RX Meter meas
urements be made at a frequency (f) of
approximatdy O.2fT.

Figure I shows, graphically, the loca
dOll of the important parameters on a
relalive frequcocy and amplitude basis.
Point A (O.2fT ) on the straight.line
section of the curve is the center of the
!lrea recommended for optimum accuracy
when making high-frequency RX MeIer
measuremena. A more detailed dis...-u.s·
sion of accuracy will be underraken later
in the attic/e. It can also be seen in
Figure I that fa is always greater than
fT' It has been shown thaI fa does nOl
always adhere to a 6db-per-ocrave slope-.1

Procedure for Determining
Parameters

The following is 11 step-by-step pro
cedure for delermining mnsistor para
meters in accordance with rhe melhod
discussed in the previow paragraphs.
The dara obtained may be conveniently
recorded on a data sheer (Figure 3) as
a parI of Ihe proct'<!ure.
DelerminaJum of ,B
I. Measure the Rp and ~) values (or-

current gain, common b.'ISe con
figurntion.
fa is the a: (h'l') cUI·off frequency
wherl~ lal is -3dbdown from la"l.
Same as a above except that the
frequellC)' involved is well below
cutoff for transiStOrs with neglig
ible phase shift at I kilocycle in
the common base configuration_
Any acbirrarily c~n fuquency
of measurement.
Transistor rise time of ~ sam
ratt'<! common emitter switch.·
Transistor fall time of the sam
nlted common emitter switch_.
Transistor uanscooducraoce.'..grounded emitter =---.

,v~

Ratio of ),6..1/1,61.
Ratio f/ff).

fa

a"

f

Gm,

'.
"

p
S

Method for Determining Parometers
The method used for determining

transistor pa~ers p, p", h\Po hll>. fp,
fT , and KIa, is based on the Iheory tlia.1

P(hrr ) follows, 10 a very close approxi
mation. the classical 6db-per-ocave sJope
as a function of frequency (Figure 1).1.3
This i.s true for .11 tntnsistotS mal are
currently in production. Thi.s charaaer
istic is expressed by the equation:

1P= 1M (I)

1+,1-
I~

Definition of Terms
(hf~) Small-signaJ. shon<ircuit cut
rent gain, common emiuer config
Uflllioo. f1 will be used in prefer
~e to hr., in order to simplify
subscripts.
Same as f3 above excelX thar the
frequency involved is well below
cutoff for uansisrors with neglig
ible phase shift at 1 kilocycle in
the common base configuration
(fa >500kc).
Small-signal ac input impedance,
common emitter configuration,
output short circuited (hll~)'

Small-signal ac input impedance,
common base configuration, OUt
pUt shorr circuited (hllb ).

(J cut-off frequerycy. The frequency
at which IPI is -3db down from
IP.I, (.707IP.I)·
The frequency al which 1,61 equals
unity or zero db. This is also the
transistor gain bandwidth prod
ua.1. 8

K is the base grading faetor.'
(hno ) SlI13.lI-signal. shon<ircuir

fp

K
a
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responding to hih and hi, directly on the 
RX Meter and record these values in 
column 1 on the data sheet. 
2. Convert C, into X, (--C,, corresponds 
to -jXp), using the equation X,= 

1 
, and enter the values for R, and 

27rfC, 
X, in column 2. 
3. Convert the data in column 2 to rec- 
tangular coordinates, the series imped- 
ance. This conversion can be made by 
means of the series-parallel conversion 
chart in the 250-A instruction book and 
BRC Catalogs L and L-I, or by means 
of the equations given below. If the con- 
version chart is used, select a convenient 
multiplying factor to obtain a location 
of sufficient resolution on the chart. 
General Equations: 

Xp Q2 

1+Q2 

RP 

1 +Q2 

RP 
Q=- 

XP 

RP2 
X,=-- 

XP 

x 
5 -  

R, =z ~ 

Equations for Q less than 0.1: 

R,= R, 

Equations for Q more than 10: 

XP2 
R,= - 

RP 
x,= -x, 

Enter the data in column 3 on the data 
sheet. 
4. Compute P using the data from 
column 3 and the equation:5s6,7 

or 
hie - hib R + j X  

hih R1+ jX1 
- P =  - 

the real and imaginary terms of the nu- 
merator divided by the real and im- 
aginary terms of the denominator. Enter 
this data in column 4. 
5. Compute the magnitude of j3 as fol- 
lows : 

R2 + X2 

Enter the data in column 5 .  
6. Measure Ip0l and IaOl directly on the 
275-A. Enter these values in columns 
6A and 6B. 
7. Determine the ratio of the data in 
column 6A to the data in column 5 : 

IP1 = 

- = P. 
IP01 IP01275 

IP 1250 IP I 
- - -  

Enter this ratio in column 7. 
8. Locate the ratio of IPOl/lPI (P)  of 
column 7 on the vertical axis in Figure 
2 and proceed horizontally to intersect 
the curve. Drop a line vertically and read 

f 
- = S on the horizontal axis. Enter this 
fP 

in column 8. 
f 

9. Compute fp =-and enter this in 
S 

column 9. 
Determination of fT 
10. Locate the value ]pol, recorded in 
column 6, on the vertical axis of the 
curve in Figure 2 and proceed horizon- 
tally to the curve. Project this point 
vertically to the horizontal axis and read 
S. Compute f T  using the equation: fT  = 
Sfp = Po fa.3 If IP1 falls on the 6db-per- 
octave slope ( P z  3 ) ,  f T =  IPIf. Enter 
the data in column 10. 
Determination of P at a frequency (f) 
other than that used in the initial 250-A 
measurement 
11. Determine the ratio of f/fp = S 
and locate this point on the horizontal 
axis of the curve in Figure 2. Proceed 
vertically to the curve and read the ratio 
P = ( Ij301/lpf 1 ) on the vertical scale. 
Compute IP1 = IPO//P and enter this 
data in column 11. 
Determination of f a  and K 
12. fa may be computed using the fol- 
lowing general equation: 

-- 
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X"Q2
X.=----

[ +Q'
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f
9. Compute fp = - and enter this in

S
column 9.
Determination of fr
10. Locate the value 1/3..1, recorded. in
column 6, on the vertical axis of the
curve in Figure 2 and proceed horizon·
tally to the curve. Project this poin!
verrical1y ro the horizontal axis and read
S. Compute fT using (he equation: f.r =
Sfp = {3" fa} If 1131 falls on the 6db·per.
octave slope (P > 3), fT = 1#lf. Enter
the data in column 10.
Dererminal;on of 13 at a frequency (f)
o,her 'han 'hat Nleti in rhe jnilial 250·A
melUll-rement
11. Determine the ratio of flfp = S
and locate this point on the horizontal
axis of the curve in Figure 2. Proceed
venically to the curve and read the rario
p = (IPol/l/3fl) on the \'enical SQ1le.
CompUte IPI = l,Bol/P and I::nter this
data in column 1I.

DeleNll;nalion of fa. anti K
12. fa may be compUted using the fol·
lowing general equation:

in column 8.

Im=

the real and imaginary terms of the nu·
merator divided by the real and im
aginary terms of the denominatOr. Enter
this dara in column 4.
S. Compute the magnitude of f3 as fol·
lows:

R2 +)(2, ,
Enter the dara in column S.
6. Measure 113,,1 and laol directly on tne
27S-A. Enter th~ values in columns
6A and 68.
7. Determine tne !':Itio of the data in
column 6A ro thl:: dara in column S:

IP.I
-=p.
IPI

Enter this ralio in column 7.
8. LOCale the !':Itio of 1,801/1,8l (P) of
column 7 on the venial axis in Figure
2 and proceed hori20ntally to intersect
the curve. Drop a line venically and read

f
- = S on the horUonralaxis. Enter chis
fp

'.0 -• , ,
I'.. , SIlO

•

'0

" ••
~.

!!!.. ".,
""-

'00

"
"

'000
'.0 , '0 S=.f/~fj '00 1000

THE BRC NOTEBOOK is plibUsh'"
10llr lim'l , y,.r by ,b, BQO"'o" R.J.o
Cor!Hmu",,,,. ft is m.i/,. 'rll 01 ~lur"

10 lu,.tists. ""i"fIrl ."" Olbn i"Ur·
III'" PlrIO"S i. ,h, comm."kllio.1
"tUI ,1,ctro..iCI /i,IJI. Th, co.,,,,ts IfU7
b, "pri..,,J o"/y I/·itb lI"f"itU" fJlrmil'
sio.. lro... ,lH Mittn'. Yo.r co",...",ts
••J 111"'1/'0'" .r' I/.,/co ..." .",
lbo.1sI b, ,J,.uud 10: Eiiltn'. THE
BRC NOTEBOOK. Boo"'o,, R..Jjo
CorportUio", SDo"'O", N. f.

R,
R.=---

1 +Q2

R,
Q=-

X,

Eqllationl for Q /elllhan 0.1:

R,'
X.=---

X,

R,,= R.
Equallom for Qmore than 10:

X.'
R.=--

R.
x.= -X"

Enter the dara in column 3 on the data
"'ttL
4. Compute p using (he dara frllm
column 3 and Ihe equation: 5.6.7

h",-hu• R+jX
p= or

respondillg to hUt and h", directly on (~

RX Meter and record these vaJues in
column I on the data sheer.
2. Convert c,. into X p (-c,. corresponds
to -jXp ), using (he equation X,,=

I
---, and enter I~ Vlllues for R" and
'mc"
X" in column 2.
3. Convert lhe dona in column 2 to rec·
tangular coordinates, the series imped·
ance. This conversion can be made by
means of the series·parallel conversion
chan in (he 250·A inslruClion book and
BRC Catalogs Land L.I, or by means
of the equations given below. If (he con·
version chatt is used, selecl a convenient
multiplying factor to obtain a loclllion
of sufficient resolution on Ihe chan.
Gronal Eqllal;onl:

2
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P 

J 

In some instances, specifically in the 
case of a transistor with a 6db-pet-octave 
common base current gain cutoff, K is 
unity and the equation in (12) becomes: 
fa = fp (1 +Pi,). If either K or fa are 
known, the other may be computed. 
Kfol =fp (1 + P o )  and can be com- 
puted from the data in columns 1 and 9 
of the data sbeet. To check an assumed 
value of one variable, the equation f, = 
aoKfa, may be used.2 K is a function 
of the manufacturing process and may 
be from 0.4 to 1.0. However, K does not 
vary appreciably from transistor to tran- 
sistor of the same manufacturing proc- 
ess, having a value of 0.822 for uniform 
impurity density. The value drops further 
for accelerating “built-in” fields or “drift” 
transistors. 

Example 
The method and step-by-step pro- 

cedure described above are used in the 
following example to measure and com- 
pute parameters fp, fT, P, and Kfa, for 
a typical transistor. Data obtained from 
these measurements and computations 
is recorded on the data sheet in Figure 3. 
Specifications: 

con4!itions: 

Po = I 5  
f T  = 45 mc (estimated) 

f = 0.2fT = 9.0 mc 
fo = 1ooocps 
V C B  = G v  
IE = Lorna. 

Step 1. hi, and hib are measured on the 
250-A in terms of R, and C,, and the 
values are recorded in column 1 on the 
data sheet. 
Step 2. The C, reading is converted to 

1 

2rrfc 
x,; (X, = - ) and R, and X, are 

recorded in column 2. 
Step 3. The data in column 2 is con- 
verted to rectangular coordinates, series 
impedance, by means of a series-parallel 
conversion chart or the following com- 
putations. 

hi!, 
Computing Q: 

R,, 100 

XI, 7.5K 

Using equations for Q less than 0.1 : 

Q=---=- = 0.0133 

10,000 

XI, 7,500 

Rs = R, = 100 

hi,, = 100 - j1.3. 

j1.3 - - R,,2 x s- 

hir 
Computing Q: 

R,, 2.2K 

XI, 1.1K 
= 2  Q=--- - 

Using equations for Q between 0.1 and 
10: 

4’ x, = - XI,--- 
1+Q2 

X, = - I . lKx4/5  = - j880 

R,, 2.2K 
= 440 Rs=--- - 

1+Q2 5 
hi, = 440 - jS80 

This data is recorded in column 3. 
Step 4. Rectangular coordinate, series 
impedance P is computed using the data 
in column 3 as follows: 

hie - hih 

hib 
P =  

440 - j880 - 100 + j1.3 

100 - j1.3 
P =  

Subtracting R terms and j terms sep- 
arately : 

340 - j879 

100 - j1.3 

R - jX 

R1 - jX, 
- P =  - 

This data is entered in column 4. 
Step. j. Compute the magnitude of ti 
as follows: 

R2 + X2 
IP1 = 

100’ + 1.3’ 

888,200 
= 9.4 

1/31 = 

1/31 = J 10,000 

This data is recorded in column 5. 
Step 6. P,, and a,, are measured directly 
on the 275-A and recorded in column 6. 
Step 7. The ratio P is determined as 
follows: 

Po 20 

p . 9.4 
= 2.13. p=- - - - 

This ratio is recorded in column 7. 
Step 8. The ratio P is located on the 
curve in Figure 2 and S is determined 
to be 1.95. Record S in column 8. 
Step 9. fp is computed as follows: 

fs 9 

S 1.95 
and is recorded in column 9. 
Step 10. f, is determined as follows: 

f,=--=- = 4.6 mc 

fT = Sfp or Po fp 
f~ = 20 X 4 . 6  = 92 mc 

and is entered in column 10. Note that 
fT=Pf cannot be used in this case be- 
cause P = IPOl/lpI is less than 3. Note 
also, that fT is 92 mc or considerably 
higher than the 45 mc estimated under 
“Conditions.” 
Step 11. /PI is determined at 50 mc 
as follows: 50 

= 10.5. s=- - - - f 

fp 4.5 

S ( 10.5 ) is then located on the horizontal 
axis in Figure 2, and proceeding from 
this point, vertically, to the curve, P is 

IP01 
read on the curve. Then, IP\ =-= 

P 
20 
- = 1.8. P is recorded in column 1 1. 
10.5 

Figure 3. Data Sheet 
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3402 + 8792

IfiI=
1002 + 1.3 2

IfiI=J
888,200

=9.4
10,000

f 50
s=--=--= 10.5.

ffi 4.5
S( 10.5) is then located on the horizontal
axis in Figure 2, and proceeding from
this point, vertically, to the curve, P is

lfil =

Ifi.1
read on the curve. Then, I{JI = -- =

P
20
-- = l.8. {J is recorded in column 11.
105

This data is recorded in column 5.
Step 6. {J" and a" are measured directly
on (he 275-A and recorded in column 6.
STep 7. The ratio P is determined as
follows:

fi.. 20
P=--=--=2.13.

fi . 9.4
This ratio is re<orded in column 7.
Step 8. The rado P is located on the
curve in Figure 2 and S is determined
to be 1.95. Record S in column 8.
Step 9. f{J is computed as follows:

f, 9
f{3=--=--=4.6mc

s 1.95
and is rc<:orded in column 9.
Step 10. f,. is determine<! as follows;

f,. = SfB or {J~ is
fT =20x4.6=92mc

and is entered in column 10. Notc that
f'l' = {Jf cannOt be used in this case be
cause p = 1{J"l/lfJ! is less than 3. Nare
also, thar iT is 92 mc or considerably
higher than the 45 mc estimated under
"Conditions:'
STep 11. I{JI is determined at 50 me
as follows:

R -jX340 - j879
fi~

440- j880 - 100 + jl.3
fi = ----'-----'----'-

Q'
X.=-XI'---

I +Q2

X.= - 1.IKx4/5 = - i880

Rl' 2.2K
R.=--=--=440

I +Ql 5

hi,. = 440 - j880

This data is recorded in column 3.
Step 4. Rectangular coordinate, series
impedance {J is computed using the dara
in column 3 as follows;

RI' 2.2K
Q=-=-=2

XI' l.l K

Using l'quations for Q between OJ alld
10;

fi=

Computing Q:

100 - jl.3 R I - jX,

ntis dara is entered in column 4.
Step. 5. Compute the magnitude of {J
as follows:

Computing Q:

RI' 100
Q~-=-=0.0133

X,. 7.5K

Using equations for Q less than 0.1:

Rr,2 10,000
X.=--=---=-j1.3

XI' 7,500

R.=Rr = 100

hll.= lOO-j1.3.

100- jJ.3

Subtracting R terms and j terms sep
ararely:

, , , • , • , 0 • " " "
• ~ • "-

RECT. Z • • 'AI ''l
,

0, X, RECT. ""~o '" • ,
" " Kf"

00 SOMC

".. 100+2.3 100+17.5K 100-j1.3

'" 1879

'" 11.3 ••• " 0.951S 2.13 1.95 ••• 92MC '.0 115MC

"" 2.2K+16 2.2K+il.1K .((0_1880

fp (l + fi,,) fp fi"
""--' fa = ="!! ---.

K K

In some instances, specifically in the
case of a transistor with a 6db~pcr-octuve

common base currem gain cutoff, K is
unity and the etjuation in (12) be<:ornes:
fa =ffJ (I +f3,,). If eithcr K or fer arc
known, the other may be computed.
Kfa = f{3 ( I +fJo) and can be com
pUted from the data in columns I and 9
of the data sheet. To check an assumed
value of onc variable, the etjuation h =
0'" Kfa , may be used? K is a function
of the manufacturing process and may
be from 0.4 to 1.0. However, K does not
vary appreciably from cransistor to tran
sistor of the same manufacturing proc
ess, having a value of 0.822 for uniform
impurity density. The value drops funher
for accelerating '"built-in" fields or "drift"
cransistots.

Example
The method and step-by-step pro

cedure described above are used ill the
following example to measure and com
pute parameters ffl, fT , {J, and Kfa , for
a typical transistOr. Dam obtained from
dlcse measuremenrs and cOmputations
is recorded on the data sheet in Figure 3.
Specificatiom:

{Jo =1')
fT = 45 me (estimated)

Conditions:
f = 0.2f'l' = 9.0 me
fo = \000 cps
VCR =6v
I~ = 1.0 rna.

Step 1. hI. and hn, are measured on the
250-A in terms of Rr and c,,, and the
values arc recorded in column I on the
data sheet.
Step 2. The Cr, reading is convened to

1
X,,; (XI' = ---) and Rl' and Xp are

27tfc

rc<:orded in column 2.
Step 3. The data in column 2 is con
verred to rectangular coordinates, series
impedance, by means of II. series-parallel
conversion charr or the following com
putations.

~;9 ..'e 3. Data S~ ...t

3
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Step 12. Kfa or fa is determined as 
follows: 
Kfa = fB (1 + Po) = 4.5 x 21 = 95 mc 
Record Kfa  in column 12. 

This indicates that K must be known 
to determine fa or vice versa. If the base 
layer of this transistor is the uniform 
impurity type, K = 0.822. Then, 

.fa = = 115 mc. 
4 5 x 2 1  

0.822 

Determining Parameters hi,, t,, tf, 

Transistor parameters hie, hi, and hi, 
may be readily calculated from direct 
measurements of a, P, and hih on the 
Transistor Test Set: 9 

Gmt, h,,, and hfc 

hib 
h. - h. - 
IC - 1, - 

(1-a) (l-hrh) +hobhih 

( 2 )  

Since, typically, h,b < < 1, (l-h,h) 
’= 1, and hob hrh < < 1, under small- 
signal, low-frequency conditions, equa- 
tion (2 )  may be reduced to equation 
( 3 )  which results in an error of 10% 
for a = 0.99 and decreases with a de- 
crease in a:  

hih 

1 -a 
hi, hi, W - -hih - ( 1  + P )  ( 3 )  

hrh- 1 
hie = ( 4 )  

Under the assumptions and within the 
limits of error set forth for equation ( 3 ) ,  
equation ( 4 )  may be similarly reduced 
to equation ( 5 )  : 

( 1-a ( l-hrh) $- hob hib 

1 

1 -a 
( 5 )  

Additional parameters t,, tf, (Figure 
4 )  and Gmt may be determined as fol- 
lows.4 

Rise time ( t,) E 0.8 (6 )  

- = P D C  at operating current range. 

tf 

hic% ~ - N - ( I t P )  

Jr 

IC (sat. ) 

I B  2vfT 
IC 

IB 

P C  off 
tf 0.8 ( 7 )  

277 f, 
“PC off” is the turn-off circuit P, using 

the circuit in Figure 4, and can be 
measured on the 275-A by adjusting to 
the proper dc bias point.4 

Figure 4. Trunsistor Switching Parameters 

Gmt* 
P o  

hi, 
Gmt=  - 

Gmt is derived as follows: 

P 
hie 

Gmt=-. 

An example of the procedure for de- 
termining t,, tf, and Gmt will not be 
included in this discussion. 

Accuracy and limitations 
It is obvious from the equations pre- 

sented in the foregoing procedure, that 
the accuracy of lPoi is of prime im- 
portance, since all of the parameters; fo, 
fT, t,, tf, P, and Kf,a are based on the 
ratio P =  IPol/lPI. If the accuracy of 
IP,, can be made to exceed the accuracy 
of all other measurements, the overall 
accuracy will be improved accordingly. 

‘Pointed out b y  H .  Thanos, RCA, Someruille, N. J. 

This is the case when the measurements 
are made on the 275-A Transistor Test 
Set, where the accuracy of is (0.6 f 
3 0 / P ) %  or usually less than 2%. The 
ratio P =  IPol/lPI is employed to take 
care of the possibility that the measured 
/3 at 0.2fT (as per the published specific- 
ations or estimate) faIls above the 6db- 
per-octave slope, and to preclude the 
need for an additional measurement. 
This actually happened in the example 
given above. For optimum accuracy, the 
ratio P should be greater than 3 and f 
should not exceed 0.5 fT for the average 
transistor. 

The accuracy of the high-frequency 
/? ( hf,) measurements is dependent upon 
the RX Meter accuracy equations (See 
pages 10 and 11 of the 250-A instruction 
book.) and the relationship: 

hie - hih 

hih 
hf, = 

For most values of hi,,, which is usu- 
ally resistive, 3 % accuracy is abput aver- 
age. For hi, 5% accuracy can be ex- 
pected. Generally, accuracies better than 
10% can be expected for hf,. Since the 
hi, and hih real and imaginary terms are 
in quadrature, potential errors in R,, and 
C,, are not directly additive, but are a 
function RMS of the respective errors. 

The above discussion of this pro- 
cedure also considers some of the limita- 
tion imposed by the original assumption 
that P ( hfe) adheres strictly to the 6db- 
per-octave fall off common to R-C filters. 

Another important consideration in- 
volves the design of the jigs for the RX 
Meter measurements. Good high-fre- 
quency techniques and practice must be 
followed to achieve the accuracies men- 
tioned. Figure 5 suggests a jig design to 
minimize most of the problems encoun- 
tered. It is also possible to “calibrate out” 
RX Meter and jig residuals by means of 
the technique described on page 4 of 
Notebook number 22, when making 
measurements above 20 mc. 

The accuracy of t, and ti is affected by 
the variation of /PI as a function of the 
current range over which the transistor 
is to be operated. Improved accuracy 
can be obtained if lPol readings are 
taken at points approximating A, B, and 
C in Figure 6, and the results are aver- 
aged. If it is found that the bias current 
for lPoi average is such that hih is below 
the range of the RX Meter, a convenient 
bias current can be used and fT  can be 
corrected by the ratio of IPo/ at the 
current of the RX Meter measurement 
to JPol average. If /pol proves to be 

L 

i 

f 

L 
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This is rhe case when the measuremems
are made on the 275-A Transistor Test
Set, where the accuracy of 113,,1 is (0.6 +
30/fJ)% or usually less rhan 2%. The
ratio P = I~"I/IPI is employed to rnke
care of the possibiliry that the measured
pat O.2fT (as per rhe published sptX"ific
ations or estimate) falls above Ihe 6db
per-OCtave slope, and to preclude the
need for nn addifional measuremem.
This actually happened in the example
given above. For optimum accuracy, the
ratio P should be greater than 3 and f
should nor exceed 0.5 fT for the average
transistOr.

The accuracy of the high-frC<Juency
f3 (h,,.) measurements is dependent upon
rhe RX Meter accuracy l-'(juations (See
pages 10 and II of rhe 250-A instruCiion
book.) and the relationship:

hlp -h l1>

h,.=--
h..

For most values of hl)" which is usu
ally rcsistiVl:~, 3% accuracy is ab9ut avet
age. For hi,' 5% accuracy can be ex·
pe<:tcd. Generally, accuracies berter than
10% can be expected for hr,.. Since the
hi" and h l1\ real and imaginary terms are
in quadrature, potential errors in RI' and
CI' are not directly additive, but are a
funCiion RMS of the respective errors.

The above discussion of this pro
cedure also considers some of the limita
tion imposed by the original assumption
that fJ (h".) adheres strictly to rhe 6db
per-octave fall off common to R·C filters.

Another important considerarion in
volves the design of the jigs for the RX
Metcr measurements. Good high-fre
quency rechniques and practice must be
followed to achieve the accuracies men
tioned. Figure 5 suggests a jig desi!;n to
minimize most of the problems encoun
tered. It is also possible to "calibrate out"
RX Meter and jig residuals by means of
the technique described on page 4 of
Notebook number 22, when making
measurements above 20 mc.

The accuracy of t, and tf is affected by
the variation of 1131 as a funCiion of rhe
currene range over which the transistOr
is to be operated. Improved accuracy
can be obtained if 113,,1 readings are
raken at points approximating A, B, and
C in Figure 6, and the results arc aver
aged. If ir is found rhat the bias current
for IP"I average is such that hu, is below
[he range of the RX Meter, a convenient
bias current can be used and fT can be
corrected by the racio of 113,,1 ar rhe
current of the RX Meter measurt:mem
10 1.8,,1 average. If 113..1 proves to be

f;gu,e 4. T,.....;<lO, Switchi..g P.. ,omel...

Gm,·
{3..

Gm,= (8)
hi,.

hj,,= h", (I + 1{3..I) (3)

1{3..1
Gmj= ~-- (9)

h", (I +1{3.I) hll,

hlb can be measured direcrly on the
275-A.

01" av""
Since 13 = -- and hl~ = ---,

alb alb

Ok Olio 0110
---,---=

all, oV,,.. oV,,,,

{3
Gm,=--_

h,.
An example of the procedure for de

termining t,. tf, and Gmt will nor be
included in this discussion.

Accuracy and Limitations
Ir is obvious from rhe equations pre

senced in the foregoing procedure, thar
rhe accuracy of 113~1 is of prime im
portance, since all of the patameters; fl3,
fT , rro th 13, and Kfa arc b.1Sed on rhe
ratio P = IfJ...I/I13I. If the accuracy of
IfJol can be made to exceed the accuracy
of all other measuremems, the overall
accuracy will be improved accordingly.

Gm, is derived as follows:

8,.
Gm,=---=

oVI..

'Po;~ld 0'" hy H. Tboo"" RCA, $,,",;,.-.110. N.}.

(7)

(4 )

(6)

IISmc.

Ie (sac.)

"
13c off

0.822

rf~ 0.8

f a =

Rise rime (t,) 8!!! 0.8

hr,,=---------
(l-a) (I-hrb ) +hoohlb

Under the assumptions and within the
limits of error ser forth for equation (3),
equation (4) may be similarly reduced
ro equation (S):,

h,,,~--:::::: - (l +fJ) (5)
I-a

Additional paramerers t" If, (Figure
4) and Gmj may be determined as fol
lows.4

"-- = 13TK' at operating currene range.

'"

Determining Parameters h io , t" tr.
Gmt, hi~' and h,~

Transisror parameters hie. hie and hr,
may be readily calculated from direct
measurements of a, 13, and hlb on the
Transistor Test Ser: 9

h"
hl.=hh-~---:::::hlb(l+13) (3)

I-a

Step 12. Kfa or fa is determined as
follows:
Kfa = fl3 (1 + fJo) = 4.5 x 21 = 9S me
Rewrd Kfa in column 12.

This indicates toat K must be known
to determine f.a or vice versa. If the base
layer of tois transistor is roe uniform
impuriry type, K = 0.822. Then,

4.Sx21

27T fT

"Pc off" is the (Urn-off circuit 13, using
the circuir in Figure 4, and can be
measured on the 275-A by adjusting to
the proper de bias poinr.4

hl~ = hll' = -.,---.,----.,--.,----
(1-0:) (I-h'h) +o..bhn,

(2 )

Since, typically, h,b « 1, (I-h'l')
-= I, and hoh h,~ << I, under small
signal, low-frequency conditions, equa
tion (2) may be reduced 10 equation
(3) which results in an error of 10%
for a = 0.99 and decreases with a de
crease in a:

4
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BOTTOM VIEW 
Figure 5. Suggested Design for a VHF h pura- 
meter Jig for Measuring Transistor Parameters 
on the RX Meter 

quite constant as a function of bias 
conditions, which is the case for well 
designed switching units, corrections are 
not necessary and accuracies better than 
20% can be expected. 

Still another step may be taken if ac- 
curacies greater than those already men- 
tioned are desired. If the frequency 
characteristics of the transistor are such 
that when S = f/fp = 0.1, f is 500 kc 
or greater, a measurement may be 
made on the RX Meter at 500 kc. The 
lpol measurements on both instruments 
(250-A and 275-A) can then be com- 
pared and a correction factor computed. 
See the broken-line curve in Figure 2. 
This correction, applied to subsequent 
B measurements on the 250-A. will vield 

- 

,r  - ,- 
mining PO Average 

Conclusion 
We have shown that a transistor cur- 

rent gain characteristic can be readily 
determined for the common emitter con- 
figuration using the 275-A Transistor 
Test Set and the 250-A RX Meter. Since 
RF measurements, with this procedure, 
are made at 0.2fT, devices with fT’s up to 
1.25 kmc can be accommodated. 

The author wishes to thank Mr. C. D. 
Simmons of the Philco Corp., Mr. H. 
Thanos of RCA, and the BRC Engine- 
ering Department for their assistance 
during the preliminary search for ma- 
terial for this article. 
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Diode Measurements on the 
Transistor Test Set Type 275-A 

WILLARD J. CERNEY, Sales Engineer 
There are many instances in diode 

applications when it is desirable to know 
the AC impedance of the diode as well 
as the DC resistance. A few examples of 
these applications are: 

1. When a diode is used as a limiter 
or clipper. 

2. When a Zener diode is used as a 
voltage regulator and the AC impedance 
is of importance. 

3. When diodes are used in the design 
of power supply circuits. Here, knowing 
the AC impedance of diodes will be of 
value in designing ripple suppression 
and low-frequency coupling networks. 

The terms and expressions used in 
this article are defined in Figure 1. 

Typical values for a 1N1522 diode at 
points A, B, C, and D on the diode 
curve in Figure 1, are given in the 
table below. 

EX ex 
Point Volts DC Res. =-AC Res. =- 

I X  J X  

A -8.2 820 0.2 
6 -6 7200 6700 
c + 7  20 1 
D +2 78 0.5 

The Transistor Test Set Type 275-A 
may be used to measure the DC forward 
resistance and the forward biased AC 
resistance of all diodes, directly and 
simply, within the current and imped- 
ance ranges of the instrument (0  to 
100 MA. and 0.3 to 3000 ohms). Some 
of the high-current diodes may also be 
measured using external equipment. In 
addition, the 275-A may be used to 
measure the DC breakdown voltage and 
resistance and the AC resistance of Zener 
or Regulator diodes at any point. 

MEASUREMENT PROCEDURE 
A step-by-step procedure for making 

diode measurements on the 275-A is 
given below. Before a diode is connected 
across the terminals of the 275-A, the 
controls should be set up in accordance 
with the initial set up procedure to pre- 
vent damage to the instrument or the 
diode under test. All of the measure- 
ments must be limited to 100 milliam- 
peres unless external equipment is used. 
Care should be taken not to short the E 
and C terminals as this might result in 
damage to the 275-A panel meter. 

Ve = 1 ! region, commonly referred to 
as the voltage breakdown or Zener point. 
Actually the exoct voltage and current 
points are defined arbitrarily. 

DC Resistance = Resistance at any point on 

curve = - as shown above. 

AC Resistance = Impedance at any point on 

curve = - or - as shown above. 

Ex 

I x  

A€ e. 

AI i x  

Figure 1.  Diode Curve 

Initial Set Up Procedure 

1. Set the a-hih-p Selector to the hit, 
position. 
2. Set the SET-CHECK-MIN switch to 
the SET position. 
3. Set the Meter switch to the VCR posi- 
tion. 
4. Turn the VCB Volts Range Selector 
and the V C B  control fully counterclock- 
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Initial Set Up Procedure

1. Set the a: ·h lh-f3 Selector to the hlh

position.
2. Set the SET-CHECK-MIN switch to
the SET position.
3. Set the Meter switch to the V"' 1'1 posi
tion.
4. Turn the Veil Volts Range Sc1e<:tor
and the V<'u comrol fully counterdock-

V. = A...I" ..,II. ,.g'e". ,o",,,,only ,.I.".d Ie
". II,••ol'og. b,.okdown "r l.n., point.
Adually ,h. .~ad vol'"g. ond ,u".nt
poi"t. 0'. d.fin.d ",b",o'Uy.

DC R.,;.lo"•• = hu.,o",. 0' o"y poi"1 e".,
(u",. = -- a, >1>0"" abov•.

"AC R.,;uo".. = t",p.d""'8 "t onr poin' On

fiE ••
,.."'. = __ 0' __ ". ,hown obo••.

fiJ "
"9"'. J. Oiode C,,'v.

diode measurements on the 275-A is
given below. Before a diode is connea:ed
across the terminals of the 275-A, the
controls should be set up in accordance
with the initial set up procedure to pre
vent damage to the instrumem or [he
diode under rest. All of the measure·
ments must be limited to 100 milliam
peres unless external equipment is used.
Care should be taken not to shorr the E
and C terminals as this might result m
damage to the 27~-A panel meter.

0.2
6'00,
0.5

820
1200
20
18

DC Res, =§..AC Res. =~
Ix i,

A -8.2
8 -6

C +'
D +2

Point Volts

The TransistOr Test Sel Type 275-A
may be used to measure the IX forward
resiscance and the forward biased AC
resistance of all diodes, directly and
simply, within the current and imped
ance ranges of the insuument (0 to
100 MA. and 0.3 to 3000 ohms). Some
of the high-current diodes may also be
measured using external equipment. In
addition, (he 275-A may be used to
measure the IX breakdown voltage and
resistance and the AC resistance of Zener
or Regulator diodes at any point.
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Diode Measurements on the
Transistor Test Set Type 275-A

WILLARD J. CERNEY, Sale5 E11gi11eer

MEASUREMENT PROCEDURE
A step-by-step procedure for making

There are many instances in diode
applications when it is desirable to know
the AC impedance of the diode as well
as the DC resistance. A few examples of
[hesc applications are:

L When a diode is used as a limiter
or clipper.

2. When a Zener diode is used as a
voltage regulatOr and the AC impedance
is of imporrance.

3. When diodes are used in rhe design
of power supply circuits. Here, knowing
rhe AC impedance of diodes will be of
value in designing ripple suppression
and low-frequency coupling networks.

The terms and expressions used in
[his acricle are defined in Figure I.

Typical values for a INI~22 diode at
points A, B, C, and 0 on the diode
curve in Figure I, are given in the
cable below.

GOI..LECn,fI
lElllol'NAL

rllAJ<S"lDII
soc~n

M'TERMINAL
(CLEAflANCE

HDLE)

Conclusion
We have shown that a cransistor cur

rent gain charaCteristic can be readily
determined for [he common emitter con·
figuration using [he 275-A Transistor
Test Set and the 250-A RX Meter. Since
Rf measurements, with this procedure,
are made at 0.2fT, devices with fT's up to
1.25 kmc can be accommodated.

TIle author wishes to thank Mc. C. D.
Simmons of the Philco Corp., Mr. H.
Thanos of RCA, and the BRC Engine
ering Departmem for their assistance
during the preliminary search for ma
terial for this artide.
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quite conscant as a function of bias
conditions, which is the case for well
designed switching units, corrections are
nOt necessary and accuracies better than
20% can be expected,

Still another step may be taken if ac
curacies greater than (hose already men
doned ace desired. If the frequency
charaCteristics of the tcansistor are such
that when S=f/f/3=O.I, f is ~OO kc
or greater, a l.8nl measurement may be
made on the RX Meter at ~OO kc. The
1.801 measurements on both instruments
(2~0-A and 27~-A) can then be com
pared and a correction faCtor computed.
See the broken-line curve in Figure 2.
This corre<:tion, applied to subsequent
.8 measurements on the 2~0·A, will yield
improved accuracies.
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wise; i.e., VCB = 0. 
5. Set the Meter switch to the 11.: posi- 
tion. 

Forward Biased Measurements 
(All Diodes) 

To measure DC forward resistance 
and AC resistance when forward biased, 
set up the instrument controls in accord- 
ance with the initial set up procedure 
then proceed as follows: 
1. Connect the diode to be measured be- 
tween terminals E and B on the 275-A. 
2. Set the IP; controls for the desired 
biasing current. 
3 .  Set the SET-CHECK-MIN switch to 
the CHECK position and the NPN- 
PNP switch to the position that gives 
the highest reading on the panel meter. 
4. Connect an external DC VTVM 
(such as the HP 412A) across the diode 
under test. 
5. Set the SET-CHECK-MIN switch to 
the MIN position and read the VTVM 
and IE. The DC forward resistance equals 
the VTVM reading divided by the I1.: 
reading. 
6. Set the Meter switch to the MIN 
position and adjust the hih dial for a 
null meter reading. 
7. The hih reading is the small signal 
forward biased AC resistance. 

Reversed Biased Measurements 
(Zener or Regulator Diodes) 

If the breakdown voltage of the Zener 
or Regulator diode to be measured is less 
than 6 volts DC, perform the following 
procedure in addition to the procedure 
for the forward biased measurements. 
1. Set the Meter switch to the IIc posi- 
tion. 
2. Set the IIc controls for the desired 
biasing current. 
3. Set the NPN-PNP switch to the posi- 
tion opposite to that used in step 3 in 
the forward biased measurement pro- 
cedure. 
4. Read the external VTVM and I,,;. 
5. The DC breakdown resistance equals 
the VTVM reading divided by the I,.: 
reading. 
6. Set the Meter switch to the MIN 
position and adjust the hi,, dial for a 
null meter reading. 
7. The hih reading is the breakdown or 
operating AC resistance. 

If the breakdown voltage of the Zener 
or Regulator diode is greater than 6 
volts DC, perform the following pro- 
cedure in addition to the procedure for 
forward biased measurements. 

1. Set the SET-CHECK-MIN switch to 

the SET position. 
2. Change the diode connection from 

the B terminal to the C terminal on the 
275-A. Do not disturb the connection at 
the E terminal. 

3. Set the Meter switch to the IE posi- 
tion. 
4. Set the IE controls for the desired 

biasing current. 
5. Set the NPN-PNP switch to the 

position opposite to that used in step 
3 in the forward biased measurement 
procedure. 

6. Set the SET-CHECK-MIN switch to 
the MIN position. 

7. If the IE reading on the panel meter 
increases, turn the VCR control clockwise 
until the meter indicates the desired 
biasing current. 
8. Read the external VTVM and 11.;. 
9. The DC breakdown resistance equals 

the VTVM reading divided by the 1,: 
reading. 
10. Set the Meter switch to the MIN 
position and adjust the hih dial for a 
null meter reading. 
11. The hib reading is the breakdown 
or operating AC resistance. 

Measurements Above 100 MA. 

To measure diodes above 100 milli- 
amperes on the 275-A, proceed as fol- 
lows : 
1. Connect an external power supply as 
shown in Figure 5 on page 10 of the 
275-A instruction book. The resistance 
of the supply should be high (constant 
current) so that it does not shunt down 
the diode impedance. 
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ELIMI'NATE cI  ( APPROX.) 

Figure 2 .  Connections for Measuring Diodes 
Above 100 MA. 

2. Connect the diode to be tested and 
the choke to the 275-A terminals as 
shown in Figure 2. 
3. Follow the procedure for forward 
biased measurements. 

Measuring Tetrode 

Transistors 

on the 275-A 
Tetrode transistors can be conven- 

iently and directly measured on the 
Transistor Test Set Type 275-A with the 
same accuracies specified for standard 
triode units, by employing a simple ex- 
ternal meter and bias supply. The correct 
connections for this measurement are 
shown in the figure below. After the 
connections are made to the 275-A, the 
I],;, VCIc, and IIts in the external bias 
supply are set to the desired values and 
the 275-A is operated in the normal 
manner to measure E ,  p, and hit,. 

0 
E C 275-A 

TERM I NALS 

Conneciions r Measuring 
on the 275-A 

iro Transistors 

In making these measurements, the 
following notes should be observed: 
1. The external bias supply impedance 
should be very large with respect to hit, 
in order to reduce the loading effect of 
the bias supply on the hil, reading. 
2. B,, R1, R-, and MI in the figure 
should be selected to give the desired 
current range and at the same time pro- 
vide the very large impedance required 
Der Note 1. If it is not possible to select 
balues of R1 and Rg that are much larger 
than hil,, the effect of the external com- 
ponents may be determined by calcula- 
tion as follows: 

Equivalent Circuii 
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wise; Le., VCR = O.
5. Set the Meter switch to the It-; posi
cion.

Forward Biased Measurements
(All Diodes)

To measure IX forward resistance
and AC resistance when forward biased,
set up the instrument controls in accord·
ance with the initial set up procedure
then proceed as follows:
1. Connect the dicxle to be measured be
tween terminals E and B on the 275·A.
2. Set the l~: controls for the desired
biasing currem.
3. Set the SET-CHECK-MIN switch co
the CHECK position and the NPN·
PNP switch co the position that gives
the highest reading on the panel meter.
4. Connect an external DC VTVM
(such as the HP 412A) across the dicxle
under test.
5. Set the SET·CHECK-MIN switch co
the MIN position and read the VTVM
and I,,:. The IX forward resistance equals
the VTVM reading divided by the It:
reading.
6. Set the Meter switch to rhe MIN
position and adjust the 1'1 11> dial for a
null meter reading.
7. The hit, reading is the small signal
forward biased AC resistance.

Reversed Biased Measurements
(Zener or Regulator Diodes)

If the breakdown voltage of the Zener
or Regulacor diode to be measured is less
than 6 volts IX, perform the following
procedure in addition to the procedure
for the forward biased measurements.
1. Set the Meter switch to the h: posi
rion.
2. Set the It: conrrols for the desired
biasing current.
3. Set the NPN·PNP switch to the posi.
rion opposire co lhat used in step 3 in
the forward biased measurement pro
cedure.
4. Read the external VTVM and I".
5. The DC breakdown resistance equals
the VTVM reading divided by the It:
reading.
6. Set the Meter switch to the MIN
position and adjust rhe hll , dial for a
null meter reading.
7. The h lh reading is the breakdown or
operating AC resistance.

If the breakdown voltage of rhe Zener
or Regulacor dicxle is greater than 6
volts DC, perform the following pro
cedure in addition to rhe procedure for
forward biased measurements.

I. Set the SET-CHECK·MIN switch to

the SET posicion.
2. Change the dicxle connection from

the B terminal to rhe C terminal on the
275·A. Do not disturb the connection at
the E terminal.

3. Set the Meter switch to the h: posi·
rion.
4. Set the IF. comtoIs for the desired

biasing current.
5. Set the NPN·PNP switch to the

position opposite to that used in srep
3 in the forward biased measurement
procedure.

6. Set the SET·CHECK·MIN switch to

the MIN position.
7. If the 18 reading on the panel merer

increases, tum the VI'" comrol clockwise
until the meter indicares rhe desired
biasing current.
8. Read rhe external VTVM and It:.
9. The DC breakdown resistance equals

the VTVM reading divided by the It:
reading.
10. Set the Meter switch to tne MIN
position and adjusr the hit, dial for a
null meter reading.
It. The hll • reading is the breakdown
or operating AC resistance,

Measuremenn Above 100 MA.

To measure diodes above 100 milli
amperes on the 275·A, proceed as fol·
lows:
I. Connect an external power supply as
shown in Figure 5 on page 10 of rhe
275·A instruction book. The resistance
of the supply should be high (constant
current) so that it does not shunt down
the dicxle impedance.

Figu,. 2. Conn.Clion. 10' M....UI;ng Oiod••
Abo~. 100 MA.

2. Connect the dicxle to be tested and
the choke to the 275-A terminals as
shown in Figure 2.
3. Follow the procedure for forw:l.fd
biased measurements.

•

Measuring Tetrode

Transistors

on the 275-A
Terrade transistors can be conven·

iently and directly measured on the
Transisror Test Set Type 275·A with the
same accuracies specified for standard
rricxle units, by employing a simple ex·
ternal meter and bias supply. The correct
connections for this measurement are
shown in the figure below. Alter the
connenions are made to the 275·A, the
h:, V('l" and I"" in the external bias
supply are set ro the desired values and
the 275·A is operated in the normal
manner to measure co; , {3. and h ll ,.

Co""eCl;O'" 10' M....U'inll ret'o<I. r"",.iuo..
on Ill. 275-A

In making these measurements, rhe
following nOtes should be observed:
I. The external bias supply impedance
should be very large with respect to h lh

in order to reduce the loading effect of
the bias supply on the h ll, reading.
2. B" Rio R", and M l in the figure
should be selected to give the desired
current range and at the same time pro·
vide the very large impedance required
per Note 1. If it is not possible to select
values of Rl and R2 thar are much larger
than h lh, the effect of the external com·
ponents may be determined by calcula
tion as follows:

E"ui~ol.n' Ci,co,it
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tetrode transistor are: 
VCR, = 5 v  

IE = 1.5MA. 
IR2 =0.91MA. 
hi, = 12 
hfr, 0.9227 
hih = 28 ohms 

Typical values for external bias used 
in the above measurements are: 

RI = 10Kohms 
R2 = 2.2K ohms 
M1 =0-2MA. 
B1 =2V 

M E E T  O U R  REPRESENTATIVES 
VAN GROOS C O M P A N Y  

The Van Groos Company was formed 
in 1945 by J. C. Van Groos and pres- 
ently operates with headquarters in 
Woodland Hills, California and a branch 
office in Los Altos. 

“Van” grew up with the West Coast 
electronics business. He began his engi- 
neering career at the University of Cal- 
ifornia. Later on he was Maintenance 
Engineer for the McClatchey Broadcast- 
ing Chain and prior to World War I1 
he entered the sales engineering field in 
California. During the latter part of the 
War, he was in charge of ground 
electronic equipment at  all Naval 
Air Stations. 

- 

1. C. V a n  Groos 

Since its inception, the credo of the 
Van Groos Company has been complete 
service to the customer, and to imple- 
ment this customer service concept. Van 
conceived the idea of a mobile demon- 
strator to meet the needs of the dynamic 
electronic industry in California. 

In 1956 a 30-foot Flexible bus was 
b’ converted into a mobile demonstrator 

known as “Groosvagen”. During the 

first year this mobile unit was used to 
demonstrate to more than 15,000 engi- 
neers in the California area. The “Groos- 
vagen” was so effective, in fact, that in 
1958 the Van Groos Company put into 
service another mobile demonstrator 
known as “Groosvagen 11”. This unit 
was bigger and better with such added 
features as a mobile telephone, air con- 
ditioning, and a self-contained generator, 
and proved to be more popular than 
ever with the West Coast engineers. Van 
advises, in fact, that it has been diffi- 
cult to keep up with the demand for 
mobile demonstrations. 

Since the beginning of 1960 an air 
conditioned service and calibration lab- 
oratory, under the supervision of Mr. 
Vic Howard, has been in operation at 
the Van Groos Company’s Woodland 
Hills office. This new facility has been 
added to provide local repair service on 
all instruments with emphasis on mini- 
mum down-time for the customer. 

Interior of the V a n  Groos Mobile Demonstrator 
”Groosvagen II’ 

During his career Van has been an 
active member of the IRE and is cur- 
rently a senior member. Two years ago 
he founded and served as Chairman of 

the San Fernando Sub-section which 
now has 1500 members. He also has 
been an Amateur Radio enthusiast since 
1930 and is holder of Radio Amateur 
License W6GFY. 

The Van Groos Company has built 
its success in the electronic test equip- 
ment field by emphasizing service com- 
bined with integrity. We at BRC proudly 
salute the Van Groos Company for their 
faithful service to our many valued 
customers throughout California. 

~ ~~ 

SERVICE NOTE 
Modification of Type 265-A Q 

Comparator for improved Stability 

Beginning with Q Comparator Type 
265-A, Serial No. 70, an auxiliary mount- 
ing bracket has been added to the plug- 
in Type 520-A Oscillator Inductors to 
provide a more rigid mounting for the 
inductor when it is plugged into the 
oscillator circuit on the Detector Unit. 
The new bracket securely clamps the 
520-A inductor to the top of the De- 
tector Unit cover so that it cannot shift 
in its socket with vibration from the 
capacitor drive motor. Some customers 
had advised BRC that this vibration 
would often cause a shift in oscillator 
frequency noticeable as a shift in the 
CRT display on the Indicator Unit. 

In order to provide a means whereby 
this feature could be incorporated into 
equipment already in the field, a special 
field modification kit has been prepared 
and distributed to our representatives 
and in some cases, directly to our cus- 
tomers. If there are any owners of Q 
comparators with serial numbers below 
70 who have not received this modifi- 
cation kit, they may be obtained by 
calling or writing BRC. 

I 

The New Type 520-A Oscillator Inductor Mount- 
ing Bracket 
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hjb + (R 1 + R~+ M1 + B1 )

Solving for hjh:
hu,~7" (R1+ R~ +M 1+ Bd

hjt.=
(R, + R~+ M j + Bj ) -hjh~7"

Note: B\ and M j can usually be
chosen to be negligible compared to R j

and R~.

Typical measuremencs for a 3N36

tetrode transistOr are:
V(,HI = 5V

IE = 15M1\..
I[I~ = O.9IMA.
hr. = 12
hn, = 0.9227
hu, = 28 ohms

Typical values for external bias used
in the above measurements are:

R1 = 10K ohms
R~ = 2.2K ohms
M1 =0·2MA.
B j =2V

the San Fernando Sub-Section which
now has 1500 members. He also has
been an Amateur Radio enthusiast since
1930 and is holder of Radio Amateur
License W6GFY.

The Van Groos Company has built
irs success in the electronic test equip
mcnr field by emphasizing service com·
bined with integrity. We at BRC proudly
salute the Van Groos Company for their
faithful service to our many valued
cusromers throughom California.

VAN GROOS COMPANY

tI,. New lype S20.'" Ouil/olor '"dor<lo, Moor"'_
'''9 Brockel

SERVICE NOTE
Modification of Type 265-A Q

Comparator for Improved Stability

Beginning with Q Comparator Type
265-A,Serial No. 70,an auxiliary mount
ing bracket has been added to the plug·
in Type 520-A QsciJIator Inductors to
provide a more rigid mounting for the
inductor when it is plugged into [he
oscillator circuit on the DctectOr Unit.
The new bracket securely damps the
S20·A inductOr to the tOp of the De
[ector Unit cover so that it cannot shift
in its socket with vibration from the
capacitor drive motor. Some custOmers
had advised BRC lhar this vibration
would often cause a shih in oscillatOr
frequency noticeable as a shift in the
CRT display on the Indicator Unit.

In order to provide a means whereby
this feature could be incorporated into
equipment already in the field, a spedal
field modification kit has been prepared
and distribuled to our representatives
and in some cases, directly to our cus
tomers. If there are any owners of Q
Comparators with serial numbers below
70 who have not received this modifi
cation kit, [hey may be obtained by
calling or writing BRC.

''''.';0' of ,I>. vo" Grool Mobil. o.>I1o"".olor
"G,ool.09." I/'

During his career Van has been an
aaive member of the IRE and is cur
rently a senior member. Two years ago
he founded and served as Chairman of

first year this mobile unit was used to
demonstrate to more than 15,000 engi
neers in the California area. The "Groos·
vagen" was so effective, in fact, that in
1958 the Van Groos Company pUI inw
service anO£her mobile demonstrator
known as "Groosvagen II". TIlis unit
was bigger and better with such added
features as a mobile telephone, air con
ditioning, and a self-contained generator,
and proved ro be more popular than
ever with the West Coast engineers. Van
advises, in fact, thaI it has been diffi
cult to keep up with the demand for
mobile demonstrations.

Since the beginning of 1%0 an air
conditioned service and calibration lab·
oratory, under the supervision of Me.
Vic Howard, has been in operation at
the Van Groos Company's WoOO.land
Hills office. This new facility has been
added to provide local repair service on
all instrumencs wirh emphasis on mjni~

mum down-time for the customer.

MEET OUR REPRESENTATIVES

The Van Groos Company was formed
in 1945 by J. c. Van Groos and pres
emly operates with hcadquarters in
WoOO.land Hills, California and a branch
office in Los Altos.

"Van n grew up with the West Coast
electronics business. He began his engi·
neering career at the University of Cal·
ifornia. Later on he was Maintenance
Engineer for the McClatchey Broadcast·
ing Chain and prior to World War II
he emered the sales engineering field in
California. During t{le lauer part of the
War, he was in charge of ground
electronic equipment at all Naval
Air Stations.

J. C. V"" G'OOt

Since irs inception, the credo of the
Van Groos Company has been complete
service to the customer, and to imple
ment this customer service concept. Van
conceived the idea of a mobile demon
suawr to meer rhe needs of the dynamic
electronic industry in California.

In 1956 a 30-foot Flexible bus was
converted into a mobile demonstrator
known as "Groosvagen". During the

..
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EDITOR’S NOTE 
Q Meter Winner 

Many Notebook readers have written 
to the Notebook inquiring about the 
winning estimate in the Q Meter Con- 
test held last March at the IRE show. 
We  announced the name of the winner 
in our Spring issue, but neglected to 
give his estimate. Mr. Byers’ estimate 
was 394. 

Mr. Byers informed us in a letter that 
he was both pleased and greatly sur- 
prised when he heard the news of his 
winning the contest. “I frequently use 
both your models 160-A and 190-A in 
working with coils for signal genera- 
tors,” he writes, “but your contest coils 
usually bear little resemblence to coils 
with which I am familiar.” 

It is odd that Mr. Byers should make 
this comment, because we have received 
similar complaints from other contest 
hopefuls. Be assured that we have passed 
these complaints along to the Engineers 
responsible for the design of the contest 
coils. Each year, however, the coils be- 

ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
7900 Zuni Road SE 
Telephone: AMherst 8-2478 
TWX: AQ 70 

ATLANTA, Georgic 
BlVlNS 6. CALDWELL, INC. 
3133 Maple Drive, N.E. 
Telephone: CEdar 3-7522 
Telephone CEdar 3-3698 
TWX: AT 987 

BINGHAMTON, New York 
E. A. OSSMANN h ASSOC., INC. 
149 Front Street 
Vestal New York 
Telepione: STillwell 5-0296 
TWX: ENDICOTT NY’84 

BOONTON, New Jersey 
BOONTOW RADIO CORPORATION 
50 lnhivale Road 
Telephone DEerfield 4-3200 
TwX: BOONTON NJ 866 

BOSTON, Marrachuseftr 
INSTRUMENT ASSOCIATES 
30 Park Avenue 
Arlin ton Mass. 
TeI ton:: Mlssian 8-2922 
TWX ARL MASS 253 

CHlCAGO 45, lllinois 
CROSSLEY ASSOC., INC. 
2501 W. Peterson Ave. 
Telsphone: BRoadway 5-1600 
TWX: CG508 

CLEVELAND 24, Ohio 
S. STERLING COMPANY 
5827 Mayfield Road 
Telephone: HI LLcrert 2-8080 
TWX: CV 372 

William F. Byerr 

come more and more incredible. Ap- 
parently they have become obsessed with 
their fiendish task. 

Mr. Byers, our contest winner, was 
graduated from Ohio State University 
with a BS in Electrical Engineering in 
1943. After teaching at the University 
for a brief period, he joined the General 
Radio Company and has been with that 
Company ever since, engaged in the de- 
sign and development of special purpose 

DALLAS 9. Texas -. 
EARL-LIPXOME ASSOCIATES 
3605 lnwood Road 
Telephone: Fleetwood 7-1881 
TWX: DL 411 

DAYTON 19, Ohia 
CROSSLEY ASSOC., INC. 
2801 Far Hills Avenue 
Telephone: Axminster 9-3594 
TWX: DY 306 

DENVER 15, Colorado 
GENE FRENCH COMPANY 
1480 Hoyt Street 
Telephone MAin 3-1458 
TWX: LAKEWOOD COLO. 106 

DETROIT 35, Michigan 
S. STERLING COMPANY 
15310 W. McNichols Rd. 
Telephone: BRoadway 3-2900 
TWX: DE 1141 

EL PASO, Texas 
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Telephone: KEystone 2-7281 
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TWX: HF 266 

HIGH POINT, North Carolina 
BlVlNS b CALDWELL, INC. 
1923 North Main Street 
Telephone Hlgh Point 2-6873 
TWX: HIGH POINT NC 454 

and standard signal generators, frequency 
modulation equipment, and broadcast ~ 

monitoring equipment. 
Mr. Byers is a member of the Institute 

of Radio Engineers and the American 
Radio Relay League, and is holder of 
Amateur Radio Station License WINXM. 

Our congratulations again to Mr. 
Byers. We  are sure that he will make 
good use of the Q Meter. 

BRC APPOINTS N E W  
SALES REPRESENTATIVES 

Boonton Radio Corporation is pleased 
to announce the appointment of the 
George H. Sample Company and the 
S. Sterling Company as sales representa- 
tives. The George H. Sample Company 
will be our exclusive representative in 
Australia with its headquarters in Mel- 
bourne. The S. Sterling Company will 
be our exclusive representative in Michi- 
gan, West Virginia, and sections of Ohio 
and Pennsylvania, with its main offices 
in Detroit. 
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EDITOR'S NOTE
Q Meter Winner

Many Notebook readers have written
to the Notebook inquiring about the
winning cstimate in the Q Mcter Con
rest held last March ar the IRE show.
We announced the name of the winner
in our Spring issue, but neglected to
give his estimate. Mr. Byers' cstimate
was 394.

~!r. Byers informed us in a letter that
he was both pleased and greatly sur
prised when he heard rhe news of his
winning the COntest. ··1 frequently use
both your models 160-A and 190-A in
working with coils for signal genera
tors,"· he writes, ··but your COntest coils
usually bear little resemblence to coils
with which I am familiar."

h is odd that Mr. Byers should make
this comment, because we have received
similar complaints from other contesr
hopefuls. Be assured that we have passed
these complaints along 10 the Engineers
responsible for lhe design of rhe comest
coils. Each year, however, the coils be-

Witti ..m F. By...

come more and more incredible. Ap
parently they have become obsessed wirh
their fiendish task.

Mr. Byers, our COntest winner, was
graduated from Ohio State University
with a as in Ele<:rrical Engineering in
1943. Afrer teaching at rhe University
for a brief period, he joined the General
Radio Company and has been with that
Company evec since, engaged in rhe de
sign and development of special purpose

and standard signal generalOcs, frequency
modularion equipment, and broadcast
monitoring equipment.

Mr. Byers is a member of the Institute
of Radio Engineers and the American
Radio Relay League, and is holder of
Amateur RadioStarion License \'{fINXM.

Our congramlarions again to Mr.
Byers. We are sure that he will make
good use of the Q Meter.

BRC APPOINTS NEW
SALES REPRESENTATIVES

Boonton Radio Corporation is pleased
10 announce the appointment of the
George H. Sample Company and the
S. Sterling Company as sales representa
tives. The George H. Sample Company
will be our exclusive representative in
Australia with its headquarters in Md
bourne. The S. Sterling Company will
be our exclusive representative in Michi
gan, West Virginia, and sections of Ohio
and Pennsylvania, with irs main offices
In Detroit.
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Design of a UHF Q Meter 

CHARLES G. GORSS, Development Engineer 

With the intensive development pre- 
sently going on in the ultra-high fre- 
quency area of the frequency spectrum, 
the need for a Q Meter capable of meas- 
urements in this frequency range has 
become evident. It was inevitable that 
the task of designing such an instrument 
would be undertaken by Boonton Radio 
Corporation, pioneer in the field of Q 
Meter design. 

Q Meters presently in use are limited 
to measurements at frequencies below 
300 Mc. This limitation is due mainly 
to certain design characteristics inherent 
in these instruments which have pre- 
cluded the possibility of their use at - UHF; namely, the injection resistance 
does not remain constant, resulting in 
poor calibration at higher frequencies; 
high series inductance is introduced in- 
to the measuring circuit at higher fre- 
quencies; and the oscillator design is 
not suited to UHF operation. 

This article describes how these and 
other design problems were solved by 
the BRC Engineering Department dur- 
ing the course of the development of 
the new UHF Q Meter Type 280-A 
(Figures 1 and 2 ) , an instrument which 
measures Q from 10 to 25,000 over a 
frequency range of 210 to 610 Mc. 

Direct Reading, Self-correcting 
Q Capacitor 

The key to the development of the 
UHF Q Meter lay in the design of the 
Q capacitor, for without a workable Q 
capacitor, a UHF Q Meter would not 
be practical. A concept of a true reading 

YOU WILL FIND . . .  
Design of a UHF Q Meter . . . . . . . . .  I 
A VHF Tolemetering Signal Goner- 

ator System . . . . . . . . . . . . . . . . . . .  5 
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Transistor Measurements on the RX 
Meter . . . . . . . . . . . . . . . . . . . . . . . .  7 

Editar'r Note . . . . . . . . . . . . . . . . . . . .  8 

I 

Figure I .  UHF Q Meter Type 280-A 

capacitance was selected for the Q ca- 
pacitor design in the UHF Q Meter. 

If a capacitor ( C )  has a series in- 
ductance ( L ) ,  which is characteristic of 
all capacitors, the equivalent capacitance 
(C,,,,) is given by the equation: 

1 
c,.,, = c x , where o = 

1-o2LC 
operating frequency times 2rr. 
In the usual case L may vary with C. 
For example, in a butterfly-type cap- 
acitor, L and C vary in the same direc- 
tion. In certain other type structures, 
such as the capacitor structure used in 
the BRC Type 190-A high-frequency Q 
Meter, L is almost constant. 

As an interesting possibility, assume 
that L will vary inversely with C, so 
that L times C is a constant. This is 
equivalent to the series resonant fre- 
quency being constant, and independent 

of capacitance. Then, at a given frequen- 
cy, C,.,, would be equal to a constant 
times C, and the error (difference be- 
tween C,.,, and C )  would be a constant 
percentage; this percentage being a 
function of frequency only. 

In this case, if the readout scale for 
C were made logarithmic, a simple 
single motion of the readout index 
would produce a constant percentage 
correction in the C readout, and the sys- 
tem would provide a true capacitance 
reading at any frequency level. 

Construction of the Q Capacitor 
Having established the fact that series 

L times C should be a constant and that 
the law of variation of capacitance 
should be logarithmic, a practical way 
of constructing such a device had to be 
found. With high Q as an objective, 
sliding contacts were ruled out because 
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Design of a UHF Q Meter
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With the intensive development pre
scnlly going on in the ultra·high fre
quency area of the frequency speetrum,
the need for a Q Meter capable of meas
urements in this frequency range has
become evident. It was inevitable that
the task of designing such an instrument
would be undertaken by Boomon Radio
Corporation, pioneer in the field of Q
Meter design.

Q Meters presently in use are limited
to measurements at frequencies below
300 Me. This limitation is due mainly
to certain design characceristics inherent
in these instruments which have pre
cluded the possibility of their use at
UHF; namely, Ihc injc<tion resistance
does not remain constant, resulting in
poor calibration at higher frequencies;
high series inductance is introduced in
to the measuring circuit at higher fre
quencies; and the oscillator design is
not suited to UHF operacioJl.

This article describes how these and
other design problems were solved by
the BRC Engineering Department dur
ing tbe course of the development of
the new UHF Q Meter Type 280-A
(Figures I and 2), an instrument which
measures Q from 10 to 25,000 over a
frequency range of 210 to 610 Mc.

Direct Reading, Self.Correcting
Q CapQcitor

The key to the development of the
UHF Q Meter lay in the design of the
Q capacitor, for without a workable Q
capacitor, a UHF Q Meter would nOt
be practical. A concept of a true reading
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capacirance was sek-cred for the Q ca
pacitor design in the UHF Q Meier.

If a capacitor (C) has a series in
ductance (L), which is characteristic of
all capacitors, the equivalent capacitance
(c.'j) is given by the equation:

1
c.'l = C X , where w

l-w2 LC
operating frequency times 27f_
In the usual case L may vary with C.
For example. in a burterfly-type cap
acitor, Land C vary in the same direc
tion. In certain other rypc structures,
such as the capacitor struCture used in
the BRC Type 190-A high-frequency Q
Meter, L is almOSI constant.

As an interesting possibiliry, assume
that L will vary inversely with C, so
that L times C is II consranr. This is
equivalent to the series resonant fre
quency being constant, and independent

of capacitance. Then, at a given frequen
cy, c.,oj would be equal to a constant
times C, and the error (difference be
tween C"I and C) would be a constanr
percentage; this percentage being II

function of frequency only.
In this case, if the readout scale for

C were made logarithmic, a simple
single motion of the readout index
would produce a constant percentage
correction in the C readout, and the sys
tem would provide a true capacitance
reading at any frequency level.

Construction 0' the Q Capacitor
Having established the faer that series

L times C should be a constant and that
the law of variation of capacitance
should be logarithmic, a practical way
of consrructing such a device had to be
found. Wi[h high Q as an objective,
sliding contacts were ruled our because
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THE BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
Corporation. It is mailed free of charge 
to scientists, engineers and other inter- 
ested persons in the communications 
and electronics fields. The contents may 
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sion from the editor. Your comments 
a n d  s u g g e s t i o n s  a r e  w e l c o m e ,  and 
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they are known to introduce unwanted 
and unpredictable variable resistance. 
A logical solution was a two-stator 
capacitor with insulated movable plates 
meshing both stators. The plate material 
would need to be of highest conductiv- 
ity and the unit would have to be small 
and well shielded to prevent radiation 
loss. The constant series resonant fre- 
quency of the capacitor should be at 
least twice the maximum frequency 
of use. 

Using the relationship that the equiv- 
alent high frequency capacitance equals 
the low frequency capacitance times the 

factor (derived from 
1 

1- (:)2 
previous equation), where F equals the 
operating frequency and F, equals the 
constant series resonant frequency of the 
unit, the correction factor is 1.33 (when 
F/Fe = 1/2). This correction factor is 
quite high compared with the antici- 
pated accuracy of -I 5%. 

The constant L times C product sug- 
gested a capacitor with an average in- 
ternal path length which would decrease 
as the capacitance was increased. The 
two most likely motions to accomplish 
a varying capacitance are rotation and 
translation, with translation being de- 
fined as motion in a straight line, and 
rotation as the angular movement of a 
shaft about its axis. Translation was 
chosen for our purpose because it al- 
lowed the plate aTea to be moved toward 
the capacitor terminals at  the same time 
that the capacitance is increased. 

From the start it was obvious that 
binding posts, as we know them, would 
introduce too much inductance for the 
high resonant frequencies anticipated. 
Therefore, the plane of reference con- 
cept was' adopted, with the two capacitor 
stators presenting a common plane sur- 
face, separated by an air gap. The stator 
surfaces would be tapped for terminal 
screws which would be used for connec- 
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Figure 2. Block Diogrom - UHF 0 Meter 

tion of the components to be measured. 
However, the calibrated capacitance 
would appear at the reference plane only, 

These design requirements were met 
in the Q capacitor structure shown in 
Figure 3. The translator plates approach 
from the bottom allowing the effective 
path from the plane of reference to the 
capacitor to be advanced at the same 
time that the capacitance is increased. 
The curve on the rear section of the 
translator plates is designed to give the 
translator plates the logarithmic capa- 
citance variation required. The plane 
of reference is slanted 20' to allow the 
translator to approach the plane of ref- 
erence as closely as possible. This tilting 
device maintains the approach distance 
to a point where the inductance is kept 
low, and at the same time provides a 
heavier stator section for attachment of 
components. 

To give the reader some idea of the 
size of the capacitor structure in the in- 
strument, the total width of the plane 
of reference is only 0.5 inch, and the 
air gap between the high stator and the 
ground stator is only 0.020 inch. 

The electrical requirements of the 
capacitor were translated into mechanical 
dimensions by considering the structure 
to be a series of transmission lines of 
various impedance levels. The structure 
was then analyzed as a series of three 
transmission lines, one butted on to the 
next, with an open end and with a con- 
stant total length. The shaped transIator 
plates approach from the bottom (Fig- 

-.- 

ure 3 )  out of the rectangular ground 
stator which is large enough to contain 
the entire translator, except for two 
small support tabs. The resulting self- 
resonant frequency is around 2000 Mc, 
or higher than the two-to-one require- 
ment previously mentioned. The distance 
from the translator to the front terminals 
varies at approximately the proper ratio. 
The stators are wedge shaped to provide 
a larger section for the terminal screws 
and to give additional support to the 
structure. The entire unit is well shielded 
to prevent spurious resonant structures. 

Linear ball bushings are used to sup- 
port the translator plates so that there 
is virtually no play in the translator 
plates as they are moved toward the 
plane of reference. 

1-C Dial Correction 
The reason previously given for de- 

signing a capacitor with constant L 

L. 
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L 
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Figure 3. Q Capacitor - UHF Q Meter 
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ure 3) out of the rectangular ground
stator which is large enough to contain
the entire translator, except for tWO
small support tabs. The resulting self
resonant frequency is around 2000 Mc,
or higher than the two-to-one require
mem previously mentioned. The distance
from the translator to the front terminals
varies at approximately the proper ratio.
The stators arc wedge shaped to provide
a latger section for the terminal screws
and ro give additional support to the
strucrure. The entire unit is well shielded
to prevent spurious resonant suucrures.

Linear ball bushings are used to sup
port the translator plates so that there
is virtually no play in the translator
plates as they are moved tOward the
plane of reference.

i-C D;al Correction
The reason previously given for de

signing a capacitor with constant L
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tion of the components to be measured.
However, the calibrated capacirance
would appear at the reference plane only,

These design requirements were met
in the Q capacitor strucrure shown in
Figure 3. The translator plates approach
from the bottOm allowing the effective
path from the plane of reference ro rhe
capaciror to be advanced at the same
time thar the capacitance is increased.
The curve on the rear section of the
translator plares is designed to give the
translator plates the logarithmic capa·
citance variation required. The plane
of reference is slanted 200 to allow the
translator to approach the plane of ref
erence as closely as possible. This tilting
device maintains the approach distance
to a point where the indunance is kepr
low, and at rhe same time provides a
heavier staror section for attachment of
components.

To gille rhe reader some idea of the
size of the capacitor structure in the in·
strument, the rotal width of the plane
of reference is only 0.5 inch, and the
air gap between the high stator and the
ground stator is only 0.020 inch.

The electrical requirements of the
capacitor were translated into mechanical
dimensions by considering the structure
to be a serie's of transmission lines of
various impedance levels. The structure
was then analyzed as a series of three
transmission lines, one butted on to the
next, with an open end and with a con
stant tOta/length. The shaped translator
plates approach from the "bottom (Fig-

(derived from

they are known to inuoouce unwamed
and unpredictable variable resistance.
A logical solution was a two-statOr
capacitOr with insulated movable plates
meshing both StatOrs. The plate material
would need to be of highest conduniv
ity and the unit would have to be small
and well shielded to prevent radiation
loss. TIle constam series resonant fre
quency of the capa.citOr should be at
least twice the maximum frequency
of use.

Using the relationship that the equiv
alent high frequency capacitance equals
the low frequency capacitance times the

1
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previous equation), where F equals the
operating frequency and Fe equals the
constant series resonant frequency of the
unit, the correction factor is 1.33 (when
P/F,. = 1/2). This correction factOr is
quite high compared with the antici
pated accuracy of ± 5%.

The constant L times C product sug
gested a capacitor with an average in
ternal path length which would decrease
as the capacitance was increased. The
cwo most likely motions to accomplish
a varying capacitance are rotation and
uanslarion, with translation being de
fined as motion in a straight line, and
rotation as the angulat movement of a
shaft about its axis. Tmnslarion was
chosen for our purpose because it al
lowed the plate area co be moved toward
the capacitor terminals at che same time
that the capacitance is increased.

From the start it was obvious chat
binding postS, as we know chem, would
introduce tOO much inductance for the
high resonant frequencies anticipated.
TIlerefore, the plane of reference con
cept was adopted, with the tWO capacicor
Stators preseming a common plane sur
face, separated by an air gap. The stator
surfaces would be tapped for terminal
screws which would be used lor conne<:-
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times C, and for providing logarithmic 
capacitance variation was that the dial 
would be correctable by a constant per- 
centage at any given operating fre- 
quency, and that this percentage would 
be equivalent to a given angular rota- 
tion of the readout hairline with respect 
to the capacitance scale. This is accom- 
plished in the UHF Q Meter by pivoting 
the readout hairline for the capacitance 
dial on the same center as the capacit- 
ance dial. The hairline is rotated as a 
function of the frequency dial rotation 
by means of cam devices designed in 
accordance with the previously men- 
tioned correction formulae. Readout of 
effective RF capacitance is therefore 
automatically accomplished with the 
tuning of the oscillator. 

As an aid to computation, a concentric 
spiral logarithmic inductance dial is pi- 
voted on the same shaft as the capacit- 
ance dial. The spiral inductance dial 
and the capacitance dial are held to- 
gether by means of a friction disk. For 
each operating frequency used, there is 
an alignment of these two dials which 
results in the inductance scale reading 
that inductance which will resonate with 
the effective capacitance. The mechanics 
of driving the translating capacitor from 
a rotary shaft motion are accomplished 
by a conventional rack and pinion drive 
which is spring loaded to prevent back- 
lash. 

Circuit Coupling 
Input is inductively coupled to one 

side of the high scator and output is 
capacitively coupled to the opposite side 
of the high stator, with the high stator 
serving as a shield between the two. 
The output is a voltage probe and the 
input is a current probe. 

In order that the input coupling is 
only as much as is needed to give suit- 
able output on the voltage probe for a 
wide range of circuit Q conditions, the 
input coupling has been made variable. 
Output from the oscillator is terminated 
in the movable probe of a cut-off type 
piston attenuator. The movable probe 
is a 50-ohm termination, resulting in a 
low standing wave ratio on the oscillator 
output line. A small loop at the end of 
the attenuator tube couples to a 50-ohm 
line which in turn enters the Q capacitor 
enclosure. This line is shorted near the 
front terminals of the Q capacitor with 
a small loop which couples to the Q 
circuit. The entire 5O-ohm line is very 
short and nearly lossless and resonates 
at approximately 1400 Mc. Therefore, if 
the attenuator piston is decoupled, neg- 

ligible loss is injected into the Q circuit. 
The advantage of this scheme is that 
for low Q circuits, where loss is less 
important and high injection level is 
needed, the piston is closely coupled; 
and for high Q circuits, where low in- 
jection level is required, the piston with 
its resistive component is decoupled 
from the Q circuit. 

The voltage probe consists of a 1N82 
diode coupled very loosely by a capaci- 
tive probe to the high stator. This diode 
looks like 4500 ohms in parallel with 
0.5 pf capacitance. Voltage from the 
Q circuit is divided by a very small 
coupling capacitor providing a voltage 
ratio of 25 to 2, and resulting in a 
resistance ratio of 156 to 1. The diode 
appears across the Q circuit as roughly 
0.7 megohms, limiting the Q of the Q 
capacitor to somewhat over 3,500. This 
value is considerably higher than the Q 
of small components suitable for meas- 
urement at the Q capacitor terminals. 

Oscillator 
In order to circumvent the previously 

mentioned problems associated with 
measuring resonant rise in the UHF 
range, a different principle of Q meas- 
urement has been employed in the UHF 
Q Meter. This principle is derived from 
the well known relationship that Q is 
equal to the frequency of resonance 
divided by the bandwi‘dth from 3db 
point to 3db point on the resonance 
curve. This relationship is extremely ac- 
curate for values of 10 and above. 

A number of automatic methods for 
sweeping this bandwidth to provide an 
automatic Q readout were considered, 
but it is likely that these methods would 
complicate the instrument and render 
it less accurate and reliable. It was de- 
cided, therefore, that the most direct ap- 
proach to this type of Q measurement 
would be by manual, mechanical tuning 
of the oscillator. If this mechanical 
tuning were properly coupled to a dial, 
the dial itself could be made to readout 
Q directly. The oscillator frequency in 
this case would be an exceptional func- 
tion of shaft rotation, and a given an- 
gular rotation of the oscillator shaft 
would be the same percentage of the 
oscillator frequency, regardless of the 
shaft position. The oscillator vernier 
would be calibrated in Q, starting at in- 
finity and progressing down the Q 
range. 

To measure Q with this system, an 
operator would start a measurement 
with the vernier dial reading 00 at one 
3db point and then tune through re- 

sonance, stopping at  the other 3db point 
(Figure 4). The dial could be made to 
read Q directly. This system is simple 
and straightforward and a modulation 
system is not required. Use is made of 
basic mechanical elements which are 
necessary in an oscillator in any case, 
and the only additional requirement im- 
posed on the design is that the oscillator 
vernier be somewhat refined and cali- 
brated in Q. The indicator is a simple 
square-law diode detector, free of com- 
plex demodulator circuitry. This repre- 
sents a Q measurement broken down in- 
to its fundamental essentials. 

The oscillator frequency, as a function 
of shaft rotation, is very important in 
reading Q accuracy. The law must follow 
the general form: f = AeKB, if the Q 
dial calibration is to be accurate. There- 
fore, the oscillator structure should be 
repeatable. Two forms are apparent in 
which the frequency is controlled chiefly 
by mechanical parts: one employs tuned 
transmission lines and the other is a 
“butterfly” type construction. Both types 
employ a rigid mechanical resonator, but 
because the transmission line oscillator 
would tend to be noisy and cause fre- 
quency jumping over small motions, the 
“butterfly” type was chosen for this 
application. 

Figure 4. w Kesonance w r v e  

Vernier Tuning System 
Q can be measured by means of a 

gear reduction system on the oscillator 
shaft up to a point: however, when the 
motion of the gear drive is reduced to 
its most infinitesimal increment, this 
motion becomes erratic. This could be 
expected for the measurement of high 
circuit Q values. To avoid this problem, 
an independent vernier was devised for 
the measurement of Q values beginning 
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times C. and (or providing logarithmic
capacitance variation was that the dial
would be correctable by a conStant per
centage at any given operating fre
quency, and that rhis percentage would
be equivalent to a given angular rota
tion of the readout hairline with respect
to the capacitance scale. This is accom
plished in the UHF Q Merer by pivoting
the readout hairline for the capacitance
dial on rhe same centcr as the capacit.
ance dial. The hairline is rotated as a
function of the frequency dial roration
by means of cam devices designed in
accordance with the previously men
tioned correction formulae. Readout of
effective RF capacitance is therefore
automatically accomplished with the
tuning of the oscillaror.

As an aid [0 computation, a concentric
spiral logarithmic inductance dial is pi
voced on the same shaft as the capacit
ance dial. The spiral induCtance dial
and the capacitance dial are held to
gether by means of a friction disk. For
each operating frequency used, there is
an alignrnem of these tWO dials which
results in the inductance scale reading
rhat inductance which will resonate with
the effective capacitance. TIle mechanics
of driving the translating capacitOr from
a. rotary shaft motion are accomplished
by a conventional rack and pinion drive
which is spring loaded to prevcnt back
lash.

Circui, Coupling
Input is inductively coupled to one

side of the high SlatOr and outpUt is
capacitiveJy coupled to the opposite side
of the high statOr, with the high stator
setving as a shield between the cwo.
The outpUt is a voltage probe and the
input is a current probe.

In order that the input coupling is
only as much as is needed to give suit
able OUtpUt on the voltage probe for a
wide range of circuit Q conditions, the
input coupling has been made variable.
Output from rhe oscillatOr is terminated
in the movable probe of a cut-off type
piston attenuatOr. The movable probe
is a SO-ohm termination, resulting in a
low standing wave rario on the oscillator
ourput line. A small loop ar the end of
the arrenuator rube couples to a 50-ohm
line which in rum emers the Q capacitor
enclosure. This line is shorted neat the
from terminals of the Q capacitor with
a small loop which couples co the Q
circuit. The entire SO-ohm line is very
short and nearly loss.lcss and resonates
at approximately 1400 Me. Therefore, if
the attenuatar piston is decoupled, neg-

ligibJe loss is injected into the Q circuit.
The advantage of this scheme is thar
for low Q circuits, where loss is less
important and high injection level is
needed, rhe piscon is closely coupled;
and for high Q circuits, where low in
jecrion level is required, the pistOn with
its resistive component is decoupled
from the Q circuit.

The voltage probe consisrs of a IN82
diode coupled very loosely by a capaci
tive probe to the high statOr. This diode
looks like 4500 ohms in parallel wirh
0.5 pf capacitance. Voltage from the
Q circuit is divided by a very small
coupling capacitOr providing a voltage
ratio of 25 to 2, and resulting in a
resisrance ratio of 156 to 1. TIle diode
appears across the Q circuit as roughly
0.7 megohms, limiting the Q of the Q
capacitOr to somewhat over 3,500. This
value is considerably higher than the Q
of small components suitable for meas
urement at the Q capacitOr terminals.

Oscillator
In order to circumvent the previously

mentioned problems associated with
measuring resonant rise in the UHF
range, a differenr principle of Q meas
urement has been employed in the UHF
Q Meter. This principle is derived from
the well known relationship that Q is
eCjual to the frequency of resonance
divided by the bandwi(lth from 3db
point to 3db point on the resonance
curve. This relationship is extremely ac
curate for values of 10 and ahove.

A number of automaric methods for
sweeping this bandwidth to provide an
autOmaric Q readout were considered,
bur it is likely that rhese methods would
complicate the instrumenr and render
it less accurate and reliable. It was de
cided, therefore, that the most direcl ap
proach to rhis rype of Q measurement
would be by manual, mechanical tuning
of the oscillator. If this mechanical
mning were properly coupled to a dial,
the dial itself could be made to readout
Q directly. The oscillatOt frequency in
this case would be an exceptional func
tion of shaft roration., and a given an
gular roration of the oscill:ltor shaft
would be the same percentage of the
oscillatOr frequency, regardless of the
shaft position. The oscillatOr vernier
would be calibrated in Q, starring ar in
finity and progressing down the Q
range.

To measure Q with this system, an
operator would start a measuremenr
with rhe vernier dial reading <Xl at one
3db point and then tune through re-
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sonance, stopping at the other 3db point
(Figure 4). The dial could be made to
read Q directly. This system is simple
and straightforward and a modulation
system is not rc<juired. Use is made of
basic mechanical clements which arc
necessary in an oscillaror in any case,
and the only additional requirement im
posed On rhe design is thai the oscillator
vernier be somewhat refined and cali
brated in Q. 11le indicator is a simple
square-law diode derector, free of com
plex demodulatOt circuitry. This repre
sents a Q measurement broken down in
to its fundamental essentials.

The oscillator frequency, as a function
of shafl rotation, is very imporranr in
reading Qaccuracy. The law must follow
the general form: f = AeKO, if the Q
dial calibration is to be accurate. There
fore, rhe oscillator structure should be
repeatable. Two forms are apparem in
which the frequency is controlled chiefly
by mechanical pans: one employs tuned
transmission lines and rhe other is a
"butterfly" type construction. Both types
employ a rigid mechanical resonator, but
because the transmission line oscillator
would tend to be noisy and cause fre
Cjuency jumping over small motions, the
"butterfly" type was chosen for this
application.

Vernier Tuning System
Q can be measured by means of a

gear reducrion system on the oscillator
shaft up to a point; however, when the
morion of the gear drive is reduced to
irs most infinitesimal increment, this
motion becomes erratic. This could be
expected for the measurement of high
cir01lt Q values. To avoid this problem,
an independent vernier was devised for
lhe measurement of Q values beginning
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at 200. Basically, this fine vernier is 
achieved by rotating the entire butterfly 
stator by a micrometer driven torsion 
spring system, with the rotor shaft held 
fixed. The system is shown schematically 
in Figure 5. The disk represents the 
stator support and the four lines marked 
“S” are spring-tempered beryllium cop- 
per. These springs are stiff in a radial 
direction but permit rotation when the 
micrometer is advanced. The micrometer 
screw provides the precise uniform mo- 
tion required. The springs flex elastic- 
ally, in exact relationship to the micro- 
meter motion, so there is no lost motion 
or backlash in the system. 

The oscillator main drive is a double- 
ended shaft driven at right angles by a 
precision worm. Both vernier drives 
have a lock and a clutch between the 
shafts and the dials which are operated 
by means of front panel controls. 

Oscillator Output System 
In order to insure sufficient isolation 

between the test circuit and the oscil- 
lator, the oscillator output should be 
high. For the existing voltmeter sensi- 
tivity 0.1 watt would be sufficient for 
most cases. Because of the losses which 
may occur in makeshift external reson- 
ator couplers, it was decided that the 
oscillator output should be close to 1 
watt RF. This output is just high enough 
for most requirements, without sacrific- 
ing stability: 

The oscillator tube 4 s  a GENELEX 
DET22, with dc power handling capa- 
bilities of 10 watts. It is a planar type 
tube, and therefore has a very high 
series resonant frequency, assuring con- 
sistency of oscillator design and conse- 
quently uniformity of the law of fre- 
quency variation as a function of rota- 
tion (f = AeKO) from unit to unit. 
Ideally, a plot of 0 versus the log of fre- 
quency should be a straight line with a 
slope which is the same for all instru- 
ments. This slope is held within f. 15% 
of nominal for all instruments at all 
points on the curve from 2 10 to 610 Mc. 
Operating conditions of the butterfly OS- 
cillator tend to vary considerably across 
the band. In order to keep the power 
level in the oscillator tube reasonably 
constant, a constant current pentode is 
connected in the cathode returfi of the 
tube. This holds the current change with- 
in reasonable limits without a large 
series dc drop. The oscillator has been 
carefully designed to eliminate spurious 
parasitic resonances which might cause 
the output amplitude or frequency to 
change at a rapid rate and thereby affect 
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Figure 5. High Q r Tuning System 

the accuracy of the measurement. 

Mechanical Design Parameters 

Mechanical design parameters were 
derived from existing formulae for but- 
terfly resonators. These parameters did 
not accurately elevate the inductance in 
the minimum capacitance condition, 
when the rotating plates fill the open 
area. The final shape of the capacitor 
plates was arrived at by first designing 
from the best known formulae, and then 
correcting this shape on the basis of data 
taken from this structure. 

With nearly 10 watts being lost in 
the plate structure of the oscillator tube, 
it was necessary to provide excellent 
heat conduction from the plate to the 
general mass of metal in the stator, 
where it could be dissipated by radia- 
tion. The plate mount itself is a solid 
copper casting soldered fast to the 
butterfly stator. Ventilation around the 
outside of the oscillator is maintained 
at a relatively high level by the use of 
adequate clearance between the oscil- 
lator and other units in the instrument, 
and by means of perforations in the in- 
strument cabinet. 

Voltmeter System 
The output from the diode probe is 

approximately 20 microvolts dc when 
the resonant peak voltage is 0.025 volts 
rms. In order to work with this low 
voltage level, a high-gain dc amplifier 
was necessary. A photo-conductive chop- 
per amplifier circuit,l is used. This de- 
vice employs light-sensitive resistance 
elements. Light is interrupted periodic- 
1This circuit is similar to that which is used 
in the H-P 425A dc voltmeter. 

ally by a mask rotated by a synchronous 
motor. Sharply tuned filters are used to 
remove noise and synchronous detection 
is used to better the efficiency of re- 
covery. This unit can be operated on a 
50-cycle power source by merely chang- 
ing a plug-in filter unit. 

- 
Five steps of sensitivity have been 

provided by means of a front panel 
switch. The switch has five positions 
which equally divide the sensitivity 
ranging between 25 millivolts RF and 
250 millivolts RF fullscale. Each step is 
approximately 3 to 1 dc sensitivity. 
Since the detector is square law, a 100 
to 1 dc range represents a 10 to 1 RF 
level range. The switch steps, therefore, 
are roughly Sdb. 

If the Q to be measured is high and 
the test voltage is not critical, the least 
sensitive range would be used because 
the fluctuation noise is least and the 
response time of the voltmeter is shorter. 
At the higher sensitivities, the time of 
response is somewhat longer and zero 
fluctuation noise is noticeable. For very 
low Q devices, where it might not be 
possible to develop 0.25 volt across the 
resonator, maximum sensitivity would 
be used. 

Provisions for Measurement 
of External Resonators 

The coaxial cable which connects the 
oscillator to the Q capacitor and the 
cable which connects the dc voltmeter 
to the Q capacitor are jumpered at the 
rear of the instrument to allow for con- 
nection of external resonating devices. 
A suitable inductive probe connected to 
the oscillator output, to present a reason- 
able 50-ohm termination, could be used 
to lightly couple to the circuit under 
test and a small shunt diode could be 
used for the pickup. In ‘this manner the 
external resonator. would simulate, very 
closely, the internal resonator, and its 
Q and resonant frequency could be de- 
termined readily. 

This application represents a remark- 
able advance in the Q Meter art. Pre- 
viously, the Q Meter could only resonate 
on its terminals an4  therefore presented 
to these external resonating devices a 
non-reducible minimum shunt capaci- 
tance. With the UHF Q Meter the de- 
vices can be measured without signific- 
antly adding capacitance and changing 
the internal impedance of the external 
resonating device. In this respect, it 
would be well to point out that the 
UHF Q Meter has a lower minimum 
capacitance at its terminals (only 4 pf ) 
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at 200. Basically, this fine vernier is
JChieved by rotating the entire butterfly
statOr by a micrometer driven torsion
spring system, with the rmor shah held
fixed. The system is shown schematically
in Figure 5. The disk represents the
StalDf support nnd the four lines marked
'S' arc spring-tempered beryllium cop
per. These springs arc stiff in a radial
direction but permit roration when the
micrometer is advanced. The micrometer
screw provides the precise uniform mo
tion requin.'<l. The springs flex elastic
ally, in exa(;{ relationship ro the micro
meter motion, so there is no lost motion
or backlash in the system.

The oscillator main drive is a double
end,-..:l shaft driven at right angles by a
precision worm. Both vernier drives
h:ive a lock and a clutch between the
shafts and the dials which are operated
by means of front panel comrols.

Oscillator Output System
In order to insure sufficient isolation

between the test circuit and the oscil
laror, the oscillator outpur should be
high. For the existing voltmeter sensi
tivity 0.1 watt would be sufficient for
mOSt cases. Because of the losseS which
may occur in makeshift external reson
ator couplers, it was decided that the
oscillator OutpUt should be close to 1
wan RF. This output is JUSt high enough
for mOSt requirements, without sacrific
ing stability.

The oscillator rube is a GENELEX
DET22, with de power handling capa
bilities of 10 watts. It is a planar type
tube, and therefore has a very high
series resonant frequency, assuring con
sistency of oscillaror design and conse·
quemly uniformity of the law of fre
quency variation as a funccion of rota
tion (f = AeKO) from unit to unit.
Ideally, a plot of 0 versus the log of fre
quency should be a straight line with a
slope which is the same for all instru
ments. This slope is held within ± 15%
of nominal for all instrumentS at all
points on the curve from 210 w 610 Me.
Operating conditions of the butterfly os
cillawr tend w vary considerably across
the band. In order w keep the power
level in the oscillator tube reasonably
constant, a constant current pentode is
connected in the cathode rerurn of the
tube. This holds the current change with
in reasonable limits withour a large
series dc drop. The oscillatOr has been
carefully designed ro eliminate spurious
parasitic resonances which might cause
the output amplitude or frequency to
change at a rapid rate and thereby affect

fig",,, 5. High Q Ve,n;", Tun;ng SY""m

the accur:lCY of the measurement.

Mechanical Design Parameters

Mechanical design parameters were
derived from existing formulae for but
terfly reSOnators. TIlesI' parameters did
not accurately elevate the induCtance in
the minimum capacitance condition,
when the rotating plates fill the open
area. 1111' final shape of the capaciwr
plates was arrived at by first designing
from the best known formulae, and then
correcting this shape on the basis of data
taken from this structure.

With nearly 10 watts being lost in
the plate struCture of the oscillawr tube,
it was necessary to provide excellent
heat conduction from the plate w the
general mass of metal in the stawr,
where it could be dissipated by radia
tion. The plate mount itself is a solid
copper casting soldered fast to the
butterfly stawr. Vemilation around the
outside of the oscillator is maintained
at a relatively high level by the use of
adequate clearance between the oscil
lawr and other units in rhe instrument,
and by means of perforations in the in
strument cabinet.

Voltmeter System
The output from the diode probe is

approximately 20 microvolts dc when
the resonant peak voltage is 0.025 volts
rms. In order w work with this low
voltage level, a high-gain dc amplifier
was necessary. A phow-conductive chop
per amplifier circuit,l is used. This de
vice employs light-sensitive resistance
elements. Light is interrupted periodic

I This drewt is similar to dun ....hieh is used
in the H-P" 42'''' de vollmerer.
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ally by a mask rotated by :l synchronous
mmor. Sharply tuned filters are used to
remove noise and synchronous detection
is used to better the efficiency of re
covery. This L1ni! can be operated on a
50-cycle power source by merely chang.
ing a plug-in filter uniL

Five steps of sensitivity have been
providl-d by means of a front panel
switch. The switch has five positions
which equally divide the sensitivity
ranging between 25 millivolts RF and
250 millivolts RF fullscale. Each step is
approximately 3 to I de sensitivity.
Since the detector is square law, a 100
to 1 de range representS a 10 to I RF
level range. The switch steps, therdore,
are roughly 5db.

If the Q to be measured is high and
the test voltage is nOt critical, the least
sensitive range would be used because
the fJUClUation noise is least and the
response time of the voltmeter is shoner.
At the higher sensitivities, the time of
response is somewhat longer and zero
fluctuation noise is noticeable. For very
low Q devices, where it might nor be
possible to develop 0.25 volt across the
resonator, maximum sensitivity would
be used.

Provisions for Measurement
of External Resonotors

The coaxial cable which connects the
oscillator ro the Q capacitor and the
cable which conne<:ts the dc voltmeter
to the Q capacitor are jumpered at the
rear of the instrument to allow for con
nection of external resonating devices.
A suitable inductive probe connected to
the oscillator OUtput, to present a reason
able 50-ohm termination, could be used
to lightly couple to {he circuit under
test and a small shunt diode could be
used for the pickup. In lhis manner the
external resonator. would simulate, very
closely, the internal resonator, and irs
Q and resonant frequency could be de
termined readily.

This application represents a remark
able advance in the Q Meter art. Pre
viously, the Q Meter could only resonate
on its terminals and.. therefote presented
to these external resonating devices a
non-reducible minimum shunt capaci.
tance. With the UHF Q Meter {he de·
vices can be measured without signific
antly adding capacitance and changing
the internal impedance of the external
resonating device. In this respect, it
would be well to point OUt that the
UHF Q Meter has a lower minimum
capacitance at its terminals (only 4 pf)
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than the previous Q Meters in any fre- 
quency range. 

W A more detailed discussion of ex- 
ternal resonator measurements will be 
given in Notebook Number 28. 

Power Supply 
A 300-volt, electronically regulated 

power supply furnishes all of the power 
for the oscillator and the dc voltmeter 
circuit. Power voltages for the voltmeter 
are supplied through dropping resistors. 
Two regulated filament dc power sup- 
plies are required: one for the oscillator 
which has common cathode and heater 
connections, and the other for the 
constant-current pentode and low-level 
stages in the dc voltmeter. These dc sup- 
plies are transistor regulated with a dc 
Zener diode reference. Two 6.3-volt ac 
supplies are provided for noncritical 
filament and bulb lighting. 

Conclusion 
Development of the UHF Q Meter 

Type 280-A has brought about a num- 

ber of significant advances to the Q 
Meter measurement art. First, it has 
made possible the direct reading, with- 
out correction, of Q, inductance, and 
capacitance. Second, the frequency range 
for Q measurements has been extended 
to 610 Mc. Third, the resonant voltage 
has been lowered from approximately 
several volts, which was a function of Q, 
to 0.025 volts, which is constant for a 
measurement; opening the field for 
measurement of semiconductor devices 
and other non-linear impedances. Finally, 
a unique means has been provided for 
measuring the Q of external resonators 
with Q s  up to 25,000, with negligible 
circuit loss due to the measurement. 

Specifications 

RADIO FREQUENCY CHARACTERISTICS 

RF Range: 210 to 610 MC 
RF Accuracy: "3% 
RF Calibration: Increments of approximately 1 Yo 
RF Monitor Output: 10 mv. minimum into 50 ohms* 
* at frequency monitoring iack 

Q MEASUREMENT CHARACTERISTICS 
Q Range: 

Total Range: 10 to 25,000** 
High Range: 200 to 25,000 
Low Range: 10 to 200 

* 10 to approx. 2,000 employing internal resonating 
capacitor 

Q Accuracy: f 20% of indicated Q 
Q Calibration: 

High Q Scale: Increments of 1-5% up to 2,000 
Low Q Scale Increments of 3-5% 

INDUCTANCE MEASUREMENT CHARACTERISTICS 
L Range: 2.5 to 146 mph* 
* actual range depends upon measuring frequency 
1 Accuracy: f 11 to 15% 
* accuracy depends upon resonating capacitance 

L Calibration: Increments of approx. 5% 

RESONATING CAPACITOR CHARACTERISTICS 
Capacitor Range: 4 to 25 ppf 
Capacitor Accuracy: 2 (5% 4- 0.2 ppf) 
Capacitor Calibration: 0.05 pNf increments, 4-5 fiuf 

0.1 ppf increments, 5-15 wpf 
0.2 ppf increments, 15-25 ppf 

MEASUREMENT VOLTAGE LEVEL 
RF Levels: 25, 40, 80, 140. 250 mv. nominal* 
* across measuring terminals 

PHYSICAL CHARACTERISTICS 
Mounting: Cabinet for bench use; by removal of 

end covers, suitable for 19" rack mounting 
Finish: Gray wrinkle, engraved panel (other finishes 

Dimensions: Height: 12-7/32" Width: 19" Depth: 17" 
Weight: Net: 72 Ibs. 

POWER REQUIREMENTS 
280-A: 105-125/210-250 volts 60 cps 140 watts 
280-AP: 10$-125/210-250 volts; 50 cps: 140 watts 

available on special order) 
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A VHF Telemetering Signal Generator System 

WILLARD J. CERNEY, Sales Engirteer 

The Type 202-G FM-AM Signal Gen- 
erator and the Type 207-G Univerter 
(Figure 1 ) were designed specifically 
for measuring the performance of tele- 
metering systems and equipment.' With 
a frequency range of 195 to 270 Mc, 
the 202-G Signal Generator is ideally 
suited for checking telemetering recei- 
vers since this frequency range com- 
pletely blankets the recently extended 
215 to 260 Mc telemetry band. The 
207-G is a unity gain frequency con- 
verter which is used in conjunction with 
the 202-G to provide additional fre- 
quency coverage of 0.1 to 55 Mc in the 
intermediate frequency range.2 

Description of the Type 202-0 
A functional block diagram of the 

Type 202-G FM-AM Signal Generator 
is shown in Figure 2. The instrument 
consists essentially of an oscillator, a 

1. H. J. Lane. "A Telemetering PM-AM Si$nal 
BRC Notebook Number 2 1, Spring. 

2. The 207-G may also be used to extend the fre- 
uency ranges of the Types 202-D and 202-P 

Generator, 
1959. 

Zignal Generators. 

Figure 1. Rack Mounted View of 202-6 and 
207-6 

reactance modulator for FM, a pair of 
frequency doublers, an audio oscillator, 
a regulated power supply, an output 
network, and associated monitoring 
meters. 

When a voltage is applied to the grid 
of the reactance tube, a proportional 
shift in frequency is accomplished. This 
modulating voltage is applied to the FM 
terminals and coupled through a net- 
work to the grid of the reactance tube. 
The band pass of this network is 30 cps 
to 200 kc. Modulating voltage may be 
selected internally from any one of 
seven standard RDB subcarrier frequen- 
cies, or from any suitable external oscil- 
lator capable of furnishing frequencies 
in the range of 30 cps to 200 kc. AM 
may be obtained by means of a front 
panel internal modulation switch which 
places the audio signal on the screen 
grid of the second doubler tube. Simul- 
taneous AM and FM may also be ob- 
tained by using an external oscillator. 

The RF unit in this instrument is 
mounted on a rugged aluminum casting 
and is thoroughly shielded. This results 
in excellent stability, low leakage, and 
reliability. 

The instrument is designed for bench 
use or for installation in a standard 19- 
inch rack. All of the operating controls 
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than the previous Q Meters in any fre
quency range.

A more detailed discussion of ex
ternal resonator measurements will be
given in Notebook Number 28.

Power Supply
A 300-volt, elearonically regulated

power supply furnishes all of the power
for the osciJlator and the de voltmeter
circuit. Power voltages for the voltmeter
nrc supplied through dropping resistors.
Two regulated filament de power sup
plies are required: one for the oscillator
which has common cathode and heater
connections, and the other for tht"
constant-current pcmode and low-level
stages in the de voltmeter. These dc sup
plies are transistor regulated with a dc
Zener diode reference. Two 6.3-volt ac
supplies are provided for noncritical
filament and bulb lighting.

Conclusion
Development of the UHF Q Meter

Type 280-A has brought about a num-

ber of significant advances to the Q
Meter measurement art. First, it has
made possible the direct' reading, with
Out correction, of Q, induCtance, and
capacitance. Second, the frequency range
for Q measurements has been extended
to 610 Me. Third, the resonant voltage
has been lowered from approximately
several voltS, which was a function of Q,
to 0.025 volts, which is constant for a
measurement; opening the field for
measurement of semiconductor devices
and other non-linear impedances. Finally,
a unique means has been provided for
measuring the Q of external reSOnatorS
with Q's up to 2S,OOO, with negligible
circuit loss due to the measurement.

Specifications

....DIO ~REQUENCY CHAR...eTUISTlCS

R~ Ro"y., 21D to 610 Me
R~ "'CN'O"" ±3%
Rf Colibo-o,iM' I"".m."h of opp,oximo.. ly 1%
Rf M""itor Outpu" 10 mv. mi",mum 1"'0 50 ohm.·•0' f,.q"...<I" mo"lt",i"g lock

Q MEASUREMENT CH...UCTUISTleS
010",.,

Tol<>l Ro"~, 10 '0 2'.000·
l:llgh Ro"~, 200 '0 2'.000·
Lo,", Ro"~, 10 '0 200

·10 to opp'ox. 2.000 .mployi"g 'M.,"ol '.'''''o''"y
<opod'",

Q A«",o..,: ± 20% of 1"e1ico,.e1 Q
Q eolib.",io",

High Q Scol., In,,_nh 01 l·S% up '0 2,000
to,", Q Scol., lnc.om..... of 3.'%

INOUCTANCf MEASUUMEN' eHAltACTUISTIC5
L Ron!rl' 2.' '0 I~ ..."h·
• 0<1"01 .O"~ dotp.nd. "P"" m....".i"1I f•.c;"."<Y

l A«u.o..,: ~ 11 to IS'll.
• Occ<J.o<y <lop.nel. "pon •••o"o'ing <"po<llo~..

L e"lib.ot;on: Ina.....n'. of opp'ox, ,""

RESONATING CAPAeITO. CHAltAelnlSTlCS
Copo<i'", lIonll.' .4 '0 H ....f
Co","c"o. Ac<uro.." ± (,'*' + 0.2 " ..f)
Copoc"o. Collbrotl"", 0.0..5 1'p.1 In« n.., ~_, .....1

0.1 ",,,,f In,,.m '., '·1' ••f
0.2 Jl.l'f In".""""., U·2~ Jl.Jl.f

MEASUREMENT VOltAGE lEVEL
Rf l.~.lo: 2', ..0, SO. 1<10, 2$0 m~. nomlnol·
• o"on .....,."'"11 ' ••mIMI.

PHYSICAL CHAIIACTERISTle5
Mo"ntln" C"bin.l I", b.n<h "", by ,.m""ol of

.nel <O~"", ."i'obl. f", III" .,,<k moun'ing
fln;lll>, C><"y w.;nkl., .nll.o~.d pon.1 (oth., li"i .....

ovollobl. on .!>ft,ot o,door)
Olm.n.I""" H.ight, 12·7/32" Width: 19" D.P'''' 17"
W.illh': N.t, nib••

pown REOUIRfMENTS
2Ifl..A, 10'·12'/210·2$0 voll., 60 ""', 140 wo'"
28o-A', 10~.12'/210-250 vol", 50 cp', 140 wott.

A VHF Telemetering Signal Generator System

WILLARD J. CERNEY, Sales Engineer

The Type 202·G FM-AM Signal Gen
erator and the Type 207·G Univetter
(Figure I) were designed specifically
for measuring the performance of telf
melering systems and equipment. I With
a frequency range of 19S to 270 Me,
the 202-G Signal Generator is ideally
suited for checking telemetering recei
vers since this frequency range com
pletely blankets the recently extended
21 S to 260 Mc telemetry band. The
207-G is a unity gain frequency con
verter which is used in conjunction with
the 202·G to provide additional fre
quency coverage of 0.1 to SS Me in the
intermediate frequency range.2

Description of the Type 202-G
A functional block diagram of the

Type 202-G FM-AM Signal Generator
is shown in Figure 2. The instrument
consists essentially of an oscillator, a

L H. J. 1.0.... "'A T.I.....,.d... PM·AM Sl4nol
~ne..<o,," BRC Nocebool< N"mbe:< 21. SP'''''.
19~9·

2. The 207.(; nuy Ibo be: used '0 n,end <he fn·
quency ",nsn of <he Types 202·0 and 202·P
Si.nlJ GeMfttOfS.

Fig",.. I. lioc. MOl/ill." Vl.... of 202.0 Oil"
201.0

reactance modulator for FM, a pair of
frequency doublers, an audio oscillator,
a regulated power supply, an output
network, and associated monitorinS
meterS.

5

When a voltage is applied to the grid
of the reactance tube, a proponional
shift in fr~uency is accomplished. This
modulatinE voltage is applied to the PM
terminals and coupled through a net
work to the grid of the reaCtance tube.
The band pass of this network is 30 cps
to 200 kc. Modularing voltage may be
selected internally from anyone of
seven standard RDB subcarrier frequen.
cies, or from any suitable external oscil
lator capable of furnishing frequencies
in the range of 30 cps to 200 kc. AM
may be obtained by means of a front
panel internal modulation switch which
places the audio signal on the screen
grid of the second doubler tube. Simul
taneous AM and PM may also be ob
tained by using an enemal oscillator.

The RF unit in this instrument is
mounled on a rugged aluminum castins
and is thoroughly shielded. This results
in excellent stability, low leakage, and
reliability.

The instrument is designed for bench
use or for installation in a standard 19·
inch rack. All of the operating controls
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are arranged in convenient functional 
order. on the front panel. All calibrated 
controls are direct reading. 

Description of the Type 207-G 
A functional block diagram of the 

Type 207-G Univerter is shown in Fig- 
ure 3. The instrument consists essenti- 
ally of a mixer, a local oscillator with a 
nominal center frequency of 195 Mc, 
two broad-band amplifiers, an output 
stage, and a power supply. Input from 
the 202-G Signal Generator is fed into 
the mixer from which is subtracted the 
output frequency of the local oscillator. 
The resulting difference signal is then 
separated by filtering and amplified. 
The second stage amplifier drives the 
output stage which is a cathode follower 
used to provide a suitable source im- 
pedance. Like the 202-G, the 207-G 
may be operated on a bench or installed 
in a standard 19-inch rack. All operat- 
ing controls are located on the front 
panel. 

Interconnection of Types 202-G 
and 207-G 

The frequency range of the 202-G 
Signal Generator may be extended to 
provide intermediate frequencie of 0.1 
to 55 Mc by interconnecting the instru- 
ment with the 207-G with the output 
and patching cables furnished with the 
instruments, as shown in Figure 1. The 
Type 50 1 -B Output Cable is connected 
to the 207-G unity gain output and the 
Type 502-B Patching Cable is connected 
between the 202-G output and the 207- 
G input. Thpse connections reproduce 
the FM and AM characteristics of the 
202-G at the 207-G output. 

A Type 509-B Attenuator is supplied 
with the 207-G for use in cases where 
the signal level required is low com- 
pared to the constant noise level of the 
207-G. Used at the output of the 207-G, 
the 20-db pad attenuates both the signal 
level and constant noise level. This per- 
mits the use of a higher input signal 
from the 202-G thus improving the 
signal-to-noise ratio. 

Applications 
The Type 202-G Signal Generator 

and Type 207-G Univerter, when used 
together, provide a signal generator 
system especially suited for measuring 
performance and aligning VHF tele- 
metering equipment. Some of the major 
applications of this system are listed 
below. 

RE!&yFE OSCILLATOR 

OFF 
FM 0 AM 

I' .' 
.I AUDIO 

I OSCILLATOR 

DEVIATION RF MONITOR 
M E T E R  METER 

0 

0 0 
EXTERNAL EXTERNAL 

Figure 2 .  Block Diagram - Type 202-6 

1. Receiver Alignment - The system 
may be used to check and align IF and 
RF amplifiers and local oscillators. Track- 
ing may also be checked in cases where 
VFO equipment is used. RF checks are 
performed with the 202-G and IF checks 
are performed with the 207-G and 202- 
G interconnected. 
2. Receiver Bandwidth Measurements- 
The calibrated output system in the 
202-G makes the instrument a conven- 
ient tool for performing normal band- 
width measurements. These measure- 
ments are made by first disabling the 
AGC in the receiver and then determ- 
ining the half-power points on the re- 
sponse curve. Through the use of a 
precision backlash-free gear train, ap- 
proximately 2,200 vernier logging divi- 
sions are provided to aid in making 
frequency measurements. Each logging 
division changes the output frequency 
approximately 34 kc. The minimum 
bandwidth that can be measured with- 
out use of the 207-G is determined by 
the required accuracy of the bandwidth 
measurement. For example, if the re- 
quired accuracy of the measurement is 
approximately lo%, then the minimum 
bandwidth directly readable from the 
202-G would be 350 kc. If the band- 

202-G SIG GEN INPUT 
r-'95.'-250MC HIGH OUTPUT7 

LOCAL 

fO 3MC 

1 UNITY GAIN 1 

POWER n SUPPLY I 
Figure 3. Block Diagram - Type 207-G 

width is narrower or requires greater 
accuracy, it will be necessary to measure 
the bandwidth of the IF amplifiers at 
intermediate frequencies, using the cali- 
brated dial on the 207-G. This tech- 
nique is usually acceptable, since the IF 
amplifiers generally control the overall 
bandwidth of the receiver. 
1. Receiver Sensitivity Measurements- 
To  fully analyze FM receiver perform- 
ance, three measurements must be made. 
These are maximum sensitivity, quieting 
sensitivity, and deviation sensitivity. 
The 202-G provides a calibrated output 
of 0.1 pv to 0.2 volt which is ideally 
suited for these measurements. Maxi- 
mum sensitivity is generally defined as 
the minimum amount of a specified 
carrier with a standard modulation that 
will produce a standard output with all 
controls set for maximum gain. In mod- 
ern telemetering systems, it is not un- 
common to have receivers with sensitivi- 
ties of 0.5 pv or better. Quieting sen- 
sitivity is usually specified as the mini- 
mum unmodulated carrier signal re- 
quired to reduce the output noise by a 
specified amount below the output with 
standard test modulation. A typical re- 
ceiver required 3 pv to attain 20 db 
and 5.5 pv to attain 30 db of quieting. 
A deviation sensitivity test is the meas- 
urement that characterizes the discrimi- 
nator. This measurement is generally ac- 
complished by having a specified car- 
rier level, with minimum deviation, pro- 
duce a standard test output signal at the 
discriminator with all controls set for 
maximum gain. 
4. Receiver A G C  Characteristics - 
Generally the telemetering receiver de- 
tects fluctuating RF signals from the 
telemetering transmitter due to the rela- 
tive motion between the receiver and 
transmitter. Because of the motion prob- 
lem, good AGC response and control are 
necessary to insure reliable reception. 
The fact that the 202-G has a continu- 
ously calibrated RF signal output which 
can be continuously varied, makes this 
instrument particularly suited for meas- 
uring the AGC level and response. The 
AGC level is determined by feeding a 
predetermined RF level into the receiver 
and measuring the amount of dc level 
in the AGC circuit. Normally, AGC 
time response is checked using a low- 
frequency square wave to amplitude 
modulate an RF source of a predeter- 
mined level and observing the rise time 
of the AGC voltage on an oscillograph 
or oscilloscope. 
5. Recovered Audio Distortion - The 

~ 

i 
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are arranged in convenient functional
order. on the front panel. All calibrated
controls are dirt-cr reading,

Description of the Type 207-G
A functional block diagram of the

Type 207·G Univener is shown in Fig
ure 3. The instrument consists essenti
ally of a mixer, a local oscillator with a
nominal cemcr frequency of 195 Mc,
twO broad-band amplifiers, an OUtpUt
stage, and a power supply. Input from
the 202·G Signal Generator is fed into
tbe mixer from which is subtracted the
OUtput frequency of the local oscillator.
The resulting difference signal is then
separated by filtering and amplified.
The second stage amplifier drives the
OUtput stage which is a cathode follower
used ro provide a suitable source im
p<.-Jance. Like the 202·G, the 207-G
may be operated on a bench or installed
in a standard 19·inch rack, All operat
inR controls arc located on the front
panel.

Interconnection of Types 202-G
ond 207·G

The frequency range of the 202-G
Signal Generator may be extended to
provide intermediate frequencies of 0.1
w 55 Mc by imerconnecting the instru·
ment with the 207-G with the Output
and patching cables furnished with the
instruments, as shown in Figure I. The
Type 501-8 Output Cable is connected
to the 207 -G unity gain OUtpUt and the
Type 502-B Patching Cable is connected
between the 202-G OUtput and the 207
G input. Th_t'Se connenions reproduce
the FM and AM characteristics of the
202-G at the 207-G output.

A Type 509-8 Attenuator is supplied
with the 207-G for use in cases where
the signal level required is low com
pared ro the constant noise level of the
207·G. Used at the OUtpUt of the 207-G,
the 20-db pad attl;~nuates both the signal
level and constam noise level. This per
mits the use of a higher input signal
from the 202-G thus improving the
signal-ro-noise ratio.

Applications
The Type 202-G Signal Generator

and Type 207-G Univerter, when used
together, provide a signal generator
system l'Specially suited for measuring
p<:rformance and aligning VHF reiI.'·
metering equipment. Some of the major
applications of this systt:m are listed
below.

1. Necei/let Alignmem ~ The system
may be UK.J lO ch(-ck and align IF and
RF amplifi(Orsand local oscillators. Track
ing may also Ix· chl-ch-J in cases where
VFO e<:juipmem is USl.J. RF dll-cks arc
p<:rformed with the 202-G and IF chl-cks
arc performed with the 207·G and 202
G imerconnl-ctl.J.
2. Receiver Bandwidth MeaIurementJ
The calibrated output system in the
202-G makl"S the insuument a conven·
ient tool for p<:rforming normal band·
width measurements. These measure·
ments are made by first disabling the
AGC in the receiver and then determ
ining the half.power points on the re·
sponse curve. Through the use of a
pfl-cision backlash-free gear train. ap
proximately 2,200 vernier logging divi
sions are provided to aid in making
ffl'quency meaSlJremcnts. Each logging
divisi()n changes the OutpUt frequency
approximately 34 kc. TIIC minimum
bandwidth rllat can be measured with
OUt usc of the 207·G is determined by
the required accuracy of the bandwidth
ml-a5Uremellt. For example, if the re
quifl.J accuracy of the measurement is
approximalely 10%, then Ihe minimum
bandwidth directly readable from lhe
202-G would be 350 kc. If the band·

,iflU" 3. Ilod: Diofl,..m - 'yp. 201..0
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width is narrower or requires greater
acc\Jt,lCy, it will be nl-Cl'SS'1.ry lO measure
the bandwidth of the iF amplifiers at
imcllnl.Jiatc frl"<Juenck'S, using the cali·
br:ned dial on the 207·G. This tech
nique is usually acceptable, since the IF
amplifiers generally control the overall
b:indwidth of lhe receiver.
3. Receil!er SemitilJity MeaJllremcnls
To fully analyre FM receiver perform
ance, three measurements must be made.
These arc maximum sensitivity, quieting
sensitivity. and deviation sensitivity.
The 202·G providl'S a calibrated output
of 0.1 flv to 0.2 volt which is ideally
suired for rhese measurements. Maxi
mum sensitivity is generally defined as
the minimum amount of a specified
carrier with a standard modulation that
will produce a standard output with all
controls set for maximum gain. In ·mod
em te!emetering systems. it is not un
common to have receivers with sensitivi
ties of 0.5 flV or bener. Quieting sen·
sidviry is usually specified as the mini
mum unmodulated carrier signaJ re
quired to reduce the output noise by a
specified amoum below the OUtput with
standard [Cst modulation. A typical re
ceiver required 3 /JoV to attain 20 db
and 5.5 flV to auain 30 db of quiering.
A deviation sensitivity tcst is the meas
urement thar characterizes the discrimi
natOr. This measurement is generally ac
complished by having a specified car
rier level, with minimum deviation, pro
duce a standard lest output signal at the
discriminalOr with all comrols set for
maximum gain,

4. Receiver AGC CharaNeris!i"r
Generally the tekmetering receiver de
Tl'CtS fluccuaring RF signals from the
telemetering Itansmitter due lO [he rela
tive motion between the receiver and
transmitter. Because of the motion prob
lem, good AGC response and control are
necessary to insure reliable reception.
The faCt that the 202-G has a continu
ously calibrated RF signal outpUt which
can be continuously varied, makes this
instrument particularly suited for meas
uring the AGC level and response. The
AGC level is determined by feeding a
predetermined RF level imo the receiver
and measuring the amount of dc level
in the AGe circuit. Normally, AGe
time response is checked using a low·
frequency square wave to amplirude
modulate an RF source of a predeter
mined level and observing the rise time
of the AGC voltage on an oscillograph
or oscilloscope.
5. Recollered Audio Distortion - The
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signal generator system may be used to 
measure distortion on recovered audio 
in TCM (tone code modulation), PM 
(phase modulation), and other overall 
systems. This determination would nor- 
mally be made with a distortion ana- 
lyzer, such as the H-P 330B, connected 
to the output of the receiver under test. 

6. P d s e  Reseome Check - Occasion- 
ally in PAM (pulse amplitude modula- 
tion), PCM (pulse code modulation), 
and PDM (pulse deviation modulation) 
types of modulation it is important to 
know the overall pulse response of a 
receiver. If excessive delay, rise time, 
fall time, and overshoot occurs with the 

’ 
recovered data, the overall data handling 
capability of a system is adversely af- 
fected. The pulse response check is ac- 
complished by using a square-wave gen- 
erator to modulate the 202-G and ob- 
serving the output pulse on a good 
oscilloscope. 
7. System Performance Check - By 
modulating the 202-G with an external 
subcarrier generator, the overall per- 
formance of a complete data system may 
be checked. A check of the system can 
also be made to determine. system reli- 
ability versus signal and modulation 
level. The modulating signal may also be 
recorded and compared with the re- 
covered data. 

MEET O U R  REPRESENTATIVES 
Instrument Associates, Inc. 

The main sales offices of Instrument 
Associates, Inc. are situated in Arling- 
ton, Massachusetts, in close proximity to 
Massachusetts’ famous “electronics high- 
way” (Route 128). Organized in 1955 
by James F. McCann the company has 
continued to expand its operations to 
keep pace with the growth of the elec- 
tronics industry in the New England 
area. In 1956, to meet the ever-increas- 
ing demands for competant applications 
engineering assistance, Instrument As- 
sociates, Inc. established a sFcond sales 
office in Hartford, Connecticut. Com- 
pletely modern, well-designed, and well- 
staffed facilities in both locations in- 
clude general sales offices, sales order 
dppartments, display and demonstration 
Areas, seminar rooms, and fully-equipped 
engineering service laboratories. Cus- 
tomer applications engineering service is 
available from factory-trained field en- 

’ 

.. - 
Instrument Associates, B e .  Headquarters in 

/ Arlington, Mass. 

gineers who serve the states of Maine, 
Vermont, New Hampshire, Massachus- 
etts, Rhode Island, and Connecticut. 

Important past experiences in various 
positions have aided “Jim” in evolving 
his company’s concept of “sales through 
service”. After securing his BSEE degree 
from Tufts University, he pursued grad- 

James F. McCann 

uate studies in Business Administration 
at Boston University. His engineering 
career started at the General Electric 
Company where he spent seven years as 
design and development engineer. The 
next two years involved government 
sales with the same company. A com- 
missioned officer in the United States 
Navy, he served in both World War I1 
and the Korean War. 

We at BRC are proud of our associa- 
tion with Instrument Associates, Inc. 
and salute them for their continuing 
record of faithful service to our many 
customers in the New England area. 

2 7 5 4  As A Bias Supply 
for Making Transistor 

Measurements on the RX Meter 

The 275-A Transistor Test Set not 
only provides a highly accurate source 
of measurement for a o, Po, and hib, but 
can be used to furnish IE and VC, bias 
for measurements on the RX Meter. The 
power supplies in the 275-A are ideal 
for this purpose because they are con- 
tinuously variable, well regulated, and 
easily reversed. In addition, both IE and 
VCB are monitored with an accurate 
meter and the voltages are readily ac- 
cessible f r o m  t h e  f r o n t  pane l  tes t  
terminals. 

When operating the 275-A in this 
manner, it is advisable to remove .the 
1000-cps signal superimposed on the E 
and B terminals, as this signal may cause 
an indefinite null on the RX Meter. The 
signal is easily removed by connecting 
a suitable capacitor; e.g., 30 pf with a 
minimum working voltage of 15 vdc, 
across the E and B test terminals, and 
setting the a -hib-P Selector to the .9 - 
1.0 a range. The positive terminal of 
the capacitor must be connected to the B 
terminal on the 275-A when the NPN- 
PNP switch is in the N P N  position, and 
to the E terminal when the NPN-PNP 
switch is in the PNP position. 

A detailed discussion of a method for 
determining transistor parameters using 
the Transistor Test Set Type 275-A and 
the RX Meter Type 250-A is presented 
in Notebook Number 26. 

ARVA, INC. NEW BRC 
SALES REPRESENTATIVES 

Boonton Radio Corporation is pleased 
to announce the appointment of ARVA, 
Inc. as sales representatives for BRC in 
the states of Alaska, Washington, Ore- 
gon, Idaho, and Montana, and the West- 
ern Canadian Provinces of British 
Columbia, Alberta, Saskatchewan, and 
Manitoba. Headquarters of ARVA, Inc. 
is located in Seattle, Washington. Other 
sales offices are located in Spokane, 
Portland, and Vancouver, D. C. Canada. 
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Instrument Associates, Inc.
MEET OUR REPRESENTATIVES

ARVA. INC. NEW BRC
SALES REPRESENTATIVES

Boonton Radio Corporation is pleased
to announce the appointment of ARVA,
Inc. as sales representatives for BRC in
the states of Alaska, Washington, Ore
gon, Idaho, and Monrana, and the West
ern Canadian Provinces of British
Columbia, Alberta, Saskatchewan, and
Manitoba. Headquarters of ARVA, Inc.
is located in Seattle, WashingtOn. Other
sales offices are located in Spokane,
Portland, and Vancouver, D. C. Canada.

275-A As A Bias Supply
for Making Transistor

Measurements on the RX Meter

The 275-A Transistor Test Set not
only provides a highly accurate source
of measurement for a: ... 1300 and h ll.. but
can be used to furnish II!; and V(JD bias
for measurements on the RX Merer. The
power supplies in the 275-A are ideal
for this purpose because they are con
tinunusly variable, well regulated, and
easily reversed. In addition, both hJ and
VCD are monitored with an accurate
meter and the voltages are readily ac
cessible from the front panel test
rerminals.

When operating the 275-A in this
manner, it is advisable to remove .the
iOoo-cps signal superimposed on the E
and B terminals, as this signal may cause
an indefinite null on the RX Meter. The
signal is easily removed by connecting
a suitable capacitOr; e.g., 30 flf with a
minimum working voltage of 15 vdc,
across the E and B test terminals, and
seuing the a: -h1b-fJ Selector to the .9 
l.0 a: range. The positive terminal of
the capacitOr must be connected to the B
terminal on the 275-1.. when the NPN
PNP switch is in the NPN position, and
to the E terminal when the NPN-PNP
switch is in the PNP position.

A detailed discussion of a method for
determining transistor parameters using
the Transistor Test Set Type 275-A and
the RX Meter Type 250-A is presented
in Notebook Number 26.

We at BRC are proud of our associa
tion with Instrument Associates, Inc.
and salute them for their continuing
record of faithful service to our many
customers in the New England area.

Jam•• F. McCanll

uate studies in Business Administration
at Boston University. His engineering
career Started at the General Electric
Company where he spent seven years as
design and development engineer. The
next rwo years involved governmem
sales with the same company. A com
missioned officer in the United States
Navy, he served in both World War II
and rhe Korean War.

gineers who serve the scates of Maine,
Vermont, New Hampshire, Massachus
ettS, Rhode Island, and Connecticut.

Important past experiences in various
positions have aided "Jim" in evolving
his company's concept of "sales through
service". After securing his BSEE degree
from Tufts University, he pursued grad-

recovered daca, the overall dara handling
capability of a system is adversely af
fected. The pulse response check is ac
complished by using a square-wave gen
erator to modulate the 202-G and ob
serving the OutpUt pulse on a good
oscilloscope.
7. S'J#em Performance Check - By
modulating the 202-G with an external
suocarrier generatot, the overall per
formance of a complete dara syStem may
be checked. A check of rhe system can
also be made £0 determine. system reli
ability versus signal and modulation
level. The modulating signal may also be
recorded and compared with the re
covered data.

6. Pulse Rerpome Check - Occasion
ally in PAM (pulse amplitude modula
tion), PCM (pulse code modulation),
and PDM (p'ulse deviation modulation)
types of modulation it is important £0

know the ovetall pulse response of a
receiver. If excessive delay, rise time,
fall time, and overshoot occurs with the

In.""....lIt A.ne'a'." Inc. H.adqllaH... In
Arlilllil'all, Mau.

The main sales offices of Instrument
Associates, Inc. are situared in Arling
ton, Massachusetts, in close proximity to
Massachusetts' famous "electronics high
way" (ROUte 128). Organized in 1955
by James F. McCann the company has
continued to expand irs operations to
keep pace with rhe growth of the elec
tronics industry in the New England
area. In 1956, to meet the ever-increas
ing demands for competam applications
engineering assistance, 1nstrumem As
sociates, Inc. established a second sales
office in Hartford, Connecticut. Com
pletely modern, we!l-designed, and well
staffed facilities in both locations in
clude general sales offices, sales order
departments, display and demonstration
areas, seminar rooms, and fully-equipped
engineering service laboratories. Cus
£orner applications engineering service is
available from factory-trained field en-

signal generator system may be used to
measure distortion on recovered audio
in TCM (tone code modulation), PM
(phase modulation), and orher overall
systems. This determinacion would nor
mally be made with a distortion ana
lyzer, such as the H-P 330B, connected
to the oucpur of rhe receiver under test.
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EDITOR'S NOTE 

Hewlett-Packard S. A. 
Appointed European Distributor 

for BRC Products 
In order to further improve our serv- 

ice to our many European customers, 
BRC, effective July 1, 1960, appointed 
Hewlett-Packard S. A. Rue Du Vieux 
Billard No. 1 Geneva, Switzerland, ex- 
clusive sales coordinator and distributor 
for our products in the following coun- 
tries: Austria, Belgium, Denmark, Fin- 
land, France, Western Germany, Greece, 
Italy, Netherlands, Norway, Portugal, 
Spain, Sweden, Switzerland, Yugoslavia, 
and United Kingdom. Under their dir- 
ection, qualified Engineering represent- 
atives have been established in each of 
these countries to provide local applica- 
tion engineering, order processing, and 
repair services. 

BRC products are now available for 
immediate delivery from HPSA's "duty- 
free" warehouse in Basel, Switzerland 
with one minimum uniform surcharge 
added to the U. S. catalog price to cover 

Bi l l  Doolittle, Managing Director HPSA 

shipping and handling costs. Bulk air 
shipments to the Basel warehouse are 
made periodically from our plant in 
Boonton, New Jersey thereby eliminat- 
ing expensive export packing -charges 
and, by consolidation, actually reducing 
the shipping ana handling charges on 
individual items. 

For more than a decade, BRC has in- 
tensively trained its domestic Sales Rep- 
resentatives through frequent Sales Sem- 

inars at our factory in Boonton, New 
Jersey but, because of the long distances 
involved, it has not always been possible 
for a majority of our European repre- 
sentatives to regularly participate in this 
program. Under our new arrangement 
with HPSA, special training seminars 
are now scheduled in Geneva, Switzer- 
land, exclusively for our European staff. 
Representatives from our factory will 
make available to all of our European 
customers the very latest application en- 
gineering data on both new and estab- 
lished products. The first of these semi- 
nars will be held in April, at which time 
BRC will be represented by Harry J. 
Lang, Sales Manager. 

Import control regulations in many 
European countries have made it dif- 
ficult or even impossible for potential 
BRC customers to receive demonstra- 
tions of BRC instruments. To overcome 
this problem, HPSA has qquipped a 
specially constructed Mobile Demonstra- 
tion Laboratory, outfitted with many of 
the newest BRC instruments, to make 
on-the-spot demonstrations in any part 
of Europe. 
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ALBUQUERQUE, New Mexico 
GENE FRENCH COM'PANY 
7900 Zuni Road SE 
Telephone: AMherst 8-2478 
TWX: AQ 70 

ATLANTA 5, Georgia 
BlVlNS & CALDWELL, INC. 
3110 Maple Drive, N.E. 
Telephone: CEdor 3-7522 
Telephone: CEdor 3-3698 
TWX: AT 987 

BINGHAMTON, New York 
E. A. OSSMANN & ASSOC., INC. 
149 Front Street 
Vestal, New York 
Telephone: STillwell 5-0296 
TWX: ENDICOTT NY 84 

BOONTON, N e w  Jersey 
BOONTON RADIO CORPORATION 
50 Intervale Road 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

BOSTON, Massachusetts 
INSTRUMENT ASSOCIATES 
30 Park Avenue 
Arlin ton Mass. 
Telepfon;: Mlssion 8-2922 
TWX: ARL MASS 253 

CHlCAGO 45, l l l inois 
CROSSLEY ASSOC., INC. 
2501 W. Peterson Ave. 
Telephone: BRoadway 5-1600 
TWX: CG508 

CLEVELAND 24, Ohio 
S. STERLIYG COMPANY 
5827 Mayfield Road 
Telephone: HI LLcrest 2-8080 
TWX: CV 372 

DALLAS 9, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 lnwood Rood 
Telephone: FLeetwood 7-1881 
TWX: DL 411 

DAYTON 19, Ohio 
CROSSLEY ASSOC., INC. 
2801 Far Hills Avenue 
Telephone: Axminster 9-3594 
TWX: DY 306 

DENVER 75, Colorado 
GENE FRENCH COMPANY 
P.O. Box 15275 
Telephone: MAin 3-1458 

DETROIT 35, Michigan 
S. STERLING COMPANY 
15310 W. McNichols Rd. 
Telephone: BRoadway 3-2900 
TWX: DE 1141 

EL PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone: KEystone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHopel 6-5686 
TWX: HF 266 

H IGH POINT, Nor th  Carolina 
BlVlNS & CALDWELL, INC. 
1923 North Main Street 
Telephone: Hlgh Point 2-6873 
TWX: HIGH POINT NC 454 

HOUSTON 5, Texas 
EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: Mohawk 7-2407 
TWX: HO 967 

HUNTSVlLlE, Alabama 
BlVlNS & CALDWELL, INC. 
Telephone: JEfferson 2-5733 
(Direct line to Atlanta) 
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lNDlANAPOLlS 20, Indiana 

CROSSLEY ASSOC., INC. 
5420 North College Avenue 
Telephone: CLifford 1-9255 
TWX: IP  545 

LOS ANOELES, California 
VAN GROOS COMPANY 
21051 Costonso Street 
Woodland Hills, California 
Telephone: Dlamond 0-3131 
TWX: CANOGA PARK 7034 

ORLANDO, Florida 
BlVlNS & CALDWELL, INC. 
723 West Smith Avenue 
Telephone: CHerry 1.1091 
TWX: OR 7026 

OTTAWA. Ontario. Canada 
BAY LY 'ENGINEERI NG, LTD. 
48 Sparks Street 
Telephone: CEntral 2-9821 

PITTSBURGH 27, Pennsylvania 
S. STERLING COMPANY 
1232 Brownsville Road 
Telephone: Tuxedo 4-5515 

PORTLAND 9, Oregon 
ARVA, INC. 
1238 N.W. Glisen Street 
Telephone: CApital 2-7337 

RlCHMOND 30, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point Avenue 
Telephone: ELgin 5-7931 
TWX: RH 586 

ROCHESTER 25, New York 
E. A. OSSMANN & ASSOC., INC 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

SALT LAKE CITY, Utah 
GENE FRENCH COMPANY 
138 South 2nd Eost 
Telephone: EMpire 4-3057 
TWX: SU 253 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Los Altos Avenue 
Los Altos, California 
Telephone: WHitecliff 8-7266 

SEATTLE 9, Washington 
ARVA, INC. 
1320 Prospect Street 
Telephone: MAin 2-0177 

SPOKANE 10, Washington 
ARVA, INC. 
East  127 Augusta Avenue 
Telephone: FAirfox 5-2557 

ST. PAUL 14, Minnesota 
CROSSLEY ASSOC.;INC. 
842 Raymond Avenue 
Telephone: Mldwoy 6-7881 
TWX: ST P 1181 

SYRACUSE, New York 
E. A. OSSMANN & ASSOC., INC. 
2363 James 
Telephone: Hy'm":ftead 7-8446 
TWX: SS 355 

TORONTO, Onforio, Canado 
BAYLY ENGINEERING, LTD. 
Hunt Street 
Ajox, 0;itorio. Canada 
Telephone: AJax 118 
(Toronto) EMpire 2-3741 

VANCOUVER 1, D. C. Canada 
ARVA, INC. 
355 Burrard Street 
Telephone: MUtuol 2-4323 

BOONTON RADIO CORPORATION 

i, 

Brinkd in U.S.A. 
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lill Do"';"'•. M..n01l';ng Oi,.<lO, HPS...

shipping and handling COSts. Bulk air
shipments to the Basel watehoose are
made periodically from our plant in
Boonton, New Jersey (hereby eliminat
ing expensive export packing .charges
and, by consolidation, actually reducing
the shipping and handling charges on
individual items.

For more than a decade, BRC has in
tensively (rained irs domeslic Sales Rep
resent2tives through frequent Sales Swl-

inars al our factory in Boomon, New
Jersey but. because of Ihe long dislances
involved, il has not always ~n possible
for a majority of our European repre
sentatives to regularly panicipall~ in this
program. Under our new arrangement
with HPSA, special training seminars
are now scheduled in Geneva, Switur
land, exclusively for our European Staff.
Represematives from our factory will
make available 10 all of our European
customers the very latest application en·
gineering dam on both new and estab
lished products. The first of these semi
nars will be held in April, at which time
BRC will be represemed by Harry J.
Lang, Sales Manager.

Imporr control regulations in many
European countries have made it dif·
ficult or even impossible for potemial
BRC custOmers to receive demonstra
tions of BRC instrumems. To overcome
this problem, HPSA has equipped a
specially constrUCled Mobile Demonstra·
tion laboratOry, outlined with many of
Ihe newest BRC inslruments, to make
on-Ihe·spot demonstrations in any pan
of Europe.

-

EDITOR'S NOTE

Hewlett-Packard S. A.
Appointed European Distributor

for BRC Produds
In order to furtM:r improve our serv

ice to our many European cuSlomers,
BRC, effective July 1, 1960, appoimed
Hewleu·Pad:ard S. A. Rue Ou Vieux
Billard No. I Geneva, Switurland, ex
clusive sales coordinatOr and diStributor
for our produCtS in the following coon
Ifies: Austria, Belgium, Denmark, Fin·
land, France, Western Germany, Greece,
Italy, Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland, Yugoslavia,
and Uniled Kingdom. Under their dir
ection, qualified Engineering represent
atives have been established in each of
rhese countries to provide local applica·
tion engineering, order processing, and
repair services.

BRC produCts are now available for
immediate delivery from HPSA's "duty
free" warehouse in Basel, Swinerland
with one minimum uniform surcharge
added 10 the U. S. catalog price to cover
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The BRC UHF Q Meter 
A New and Versatile Tool for Industry 

C H A R L E S  W .  Q U I  NN,  Sales Engineer 

Q Meters have been serving the elec- 
tronic industry for more than 25 years. 
Their original application was in the 
design of resonant circuits, in the early 
days of radio-frequency communication 
and broadcasting. Since that time, Q 
Meter applications have multiplied 
many times1-5 The basic theory of Q 
Meter operation, however, had not 
changed in all these years, until the de- 
velopment of the new Type 280-A UHF 
Q Meter.6 With this change in Q meter 
theory, the applications will be again 
multiplied. It is these applications which 
are the subject of this article. Conven- LJ tional measurements, as well as uncon- 
ventional measurements, which include 
measurements of external resonators and 
components, and “in circuit” Q measure- 
ments, will be described. 

PURPOSE 
The prime purpose of the UHF Q 

Meter is to provide industry with a 
versatile impedance measuring device 
that will extend Q Meter measure- 
ments into the UHF region. The UHF 
Q Meter is a completely self-contained 
instrument capable of measuring, rap- 
idly, conveniently, and directly; Q, ca- 
pacitance, and inductance. Until the ad- 
vent of the UHF Q Meter, a signal 
generator, a frequency measuring de- 
vice, a dc amplifier, and coupling de- 
vices were required to make these 
tedious measurements. Inductance and 
capacitance, which are now measured 
directly on the calibrated capacitor, 
could not even be measured with the 
above-mentioned equipment. 

OPERATING PRINCIPLE 
To aid the reader in understanding 

the theory of the Type 280-A UHF Q 

Applications of the UHF Q Meter .... 
A 10-500 M c  Signal Generator Power 

Amplifier ....................... 7 
Editor’s Note ...................... 8 

...................... 

l m i  

“In-circuit” 0 Measurement Coil Measurement 

Figure 1. Typical Applications of the UHF Q Meter 

Meter it might be well, at this point, the resonant circuit (Figure 2A). If Vs 
to compare its operation with the lower is held constant, then Q is directly 
frequency Q Meters, Types 260-A and proportional to VC. This basic principle, 
190-A. This comparison is especially employed in all BRC Q Meters to date, 
necessam if use of the instrument, be- is known as the “resonant rise” system 
yond thi obvious, is to be understood. 

Preivous Q Meters utilized the defini- 
tion that: 

XLS RP 

Rs XLP. 

Q=-=-* 

‘S and P subscripts indicate series and parallel 
configurations respectively. 
as well as the fact that the voltage (V,) , 
measured across C (the Q capacitor), 
has the following relationship at re- 
sonance: 

VC* 
VC = QVS, or Q = - 

vs 
‘Within the Q Meter Q limits (10 to 6 2 5 ) .  

Vc is the voltage injected in series with 

of making Q measurements. 

ESTIMATE THE Q 
WIN A Q METER 

Yes, that is all that is necessary to win 
the factory reconditioned Type 160-A Q 
Meter which will be on display in the BRC 
exhibit at the IRE show to be held in the 
New York Coliseum from March 20th 
through March 23rd. The Q Meter will be 
awarded to the person whose estimate is 
closest to the actual measured Q of the 
resonotor circuit to be displayed with the 
Q +Meter. Complete information will be 
furnished by engineering personnel on duty 
in BRC Booths 3101 and 3102. 

BOO NTON RA0I 0 COR P0RAT ION • BOO NTON, NEW J ERSEY

MAP 2? 'Qlil

The BRC UHF Q Meter
A New and Versatile Tool for Industry

CHARLES W. QUINN. Sales Engineer
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ESTIMATE THE Q
WIN A Q METER

v.s, 1100' is 0'1 11001 i. nll<e.so.y to w,n
Ihe fo<lo,y 'll<ondi,ione<l Type 16Q-A Q
Meter whi<h will be on disploy in the Bile
exhibil 01 Ihe IRE .how 10 be held in Ihe
New Vo,~ Coli.e"m f,om Ma..h 20th
,h,o"gh Mo..h 23rd. The Q Mele, will be
awo.ded 10 'he pe..on who.e e.limole is
<lo.esl '0 Ihe o<t"al meo.",e<I Q of Ihe
••sonoto. <i.."il 10 be di.played wi.h 'he
Q Mete •• Complele infa.mat'on will be
f".ni.hed by enginee,ing person"el on duly
'n BRe Boo,h. 3101 and 3102.
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Vo '
VI) = QI'St or Q=--

V,
'Within [h. Q M...., Q limi.. (10'" 621\.

V(J is the voltage injected in series with

,()fiance:

fig".. I. Typicol .4pp/icoiions 01 ,It. UHf 0 M.'e,

Meter it might be well, at this point, the resonant circuit (Figure 2A). If V~
to compare its operation with the lower is held constant, then Q is directly
frequency Q Meters, Types 260-A and proportional to v... This basic principle,
190-A. This comparison is especially employed in all BRC Q Meters to date,
necessary if use of the instrument, be· is known as the "resonant risc" system
yond the obvious, is to be understood. of makinJ.: Q mea~urements.

Preivous Q Meters utilized the defini
tion that:

Xl-a R p

Q=--=--,'
Ra X I .I ,

'S and P ",b.ui"", indinte ..,ie. .nd p.....llel
ron fiau ..[i"". ....JlK"""Iy,
as well as the fact that the voltage (Vc),
measured across C (the Q capacitor),
has the following relationship at re-

Q Meters have been serving the elec
tronic industry for more rhan 25 years.
Their original application was in the
design of resonant circuits, in the early
days of radio-frequency communication
and broadcasting. Since that time, Q
Mctcr applications have multiplied
many eimes.I-[i The basic theory of Q
Mctcr operation, however, had not
changed in all these yeats, until the de
velopment of the new Type 280·A UHF
Q Mctcr. 11 With this change in Q meter
theory, me applicacions will be again
multiplied. It is these applications which
are the subject of this article. Conven
tional measuremencs, as well as uncon
ventional measurements, which include
measurements of external resonators and
components, and "in circuic" Q measure
ments, will be described.

PURPOSE
The prime purpose of the UHF Q

Meter is to provide industry with a
versatile impedance measuring device
that will extend Q Meter measure
mems into the UHF region. The UHF
Q Meter is a completely self-contained
instrument capable of measuring, tap
idly, conveniently, and directly; Q, ca
pacitance, and inductance. Until the ad
vent of the UHF Q Merer, a signal
generator, a frequency measuring de
vice, a dc amplifier, and coupling de
vices were required to make these
tedious measurements. Inductance and
capacitance, which are now measured
directly on the calibrated capacitor,
could not even be measured with the
above-mentioned equipment.

OPERATING PRINCIPLE
To aid the reader in understanding

the theory of the Type 280-A UHF Q

YOU WILL FIND .•.
Applications of '/oe UHf 0 Mele. ... ,
Ser"ice Note ....•.... 6
A 10-500 Mc Sign,,1 G.".,al"c Pow.,

A",plifie, .....•............... 7
fdilor. 10101. ...••••••..•.•••••••. I
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The UHF Q Meter uses the peak of 
the resonant rise to indicate resonance, 
but employs the bandwidth relation- 
ship to determine Q, where: 

f r  

Af 
Q = -  (1 )  

This relationship is shown in Figure 3. 
Af is the frequency between the two 
0.707 voltage or half-power points, and 
f, is the frequency at  the resonant 
peak. As is indicated in Figures 2B and 
4, there are other more subtle differ- 
ences between the UHF ltQ Meter and 
the lower frequency Q Veters. These 
will be discussed later in qhis article. 

FIELDS OF APPLICATION 
Because of its frequency range, the 

UHF Q Meter will serve many fields 
of the electronic industry. Some ex- 
amples of these fields ar given below. 

FIELD 
Missile and Rocketry 

Communications 
Navigatio’nal Aids 
Radar and ECM 
Components and Materials Manufacturers 

Other Fields 

BASIC OR CONVENTIONAL 
MEASUREMENTS 
Set-up Procedure 

A condensed set-up procedure will 
be given at this point to aid in the 
understanding of the instrument. The 
same procedure is used for both con- 
ventional and unconventional measure- 
ments. Arbitrarily, it will be assumed 
that the Q and inductance of a small 
inductor is going to be measured. 

1. The component to be measured 
is clamped to the Q capacitor terminals 
by means of the clamps provided (Fig- 
ures 1 and 5 ) ,  or by other suitable 
means. 

2. The oscillator is adjusted to pro- 
vide the desired dperating frequency by 

Simplified Circuit - Conventional 0 Meter 
(Type 260-A) 

HIGH-GAIN 

PISTON 

* L  IS THE RESIDUAL 
(8) INDUCTANCE OF THE 

Q CAPACITOR. 

Simplified Circuit - UHF 0 Meter Type 
280-A 

Figure 2. Comparison of 0 Measuring Circuit 
in Conventional Q Meferr and the UHF 0 Meter 

means of the appropriate controls. 
3. The Q capacitor is adjusted until 

output is indicated on the resonance 
indicating meter. 

4. The Q capacitor or Q (fre- 
quency) control is adjusted in con- 
junction with the Level Set control un- 
til the resonant peak is indicated at full 
scale on the meter. 

SPECIFIC APPLICATIONS 
Telemetry and remote control systems. 
Commercial, mobile airborne, relay networks, 
amateur radio, UHF television, ond military 
mobile. 
Glide slope 

Inductors, cores, capacitors, UHF diodes, in- 
sulators, and resistors. 
Accelerator, medical research, and basic re- 
search of new materials. 

5. The appropriate Q dial is locked 
and its knob is turned clockwise to the 
proper half-power point which is indi- 
cated by the Q mark on the meter. 

6. The Q dial is unlocked and the 
knob is rotated in a counter-clockwise 
direction, through the resonant peak, 
to the opposite half-power point; also 
indicated by the Q mark on the meter. 

7. Q is read directly on the appro- 
priate Q dial, capacitance is read di- 
rectly on the Q capacitor dial, and in- 
ductance is read directly on the integral 
calculator dial. 

Inductance Measurements 
Inductance measurements are a pri- 

mary function of all Q Meters. The 
UHF Q Meter capacitance dial is pro- 

vided with a spiral calculator to com- 
pute inductance from the capacitance 
reading and the operating frequency. 
The direct-reading inductance range is 
2.5 to 146 millimicrohenries (Figure 
6 ) .  Circuit Q is read directly from the 
CIRCUIT Q dial. 

Capacitance Measurements 
Capacitance measurements are sec- 

ond nature to a Q Meter, but are in- 
direct measurements in that a reference 
inductor or “work. coil” must be used. 
The clamps provided with the instru- 
ment permit individual connection of 
the work coil and the unknown ca- 
pacitor for parallel measurements. Stan- 
dard Q Meter procedure is then em- 
ployed to make the parallel capacitance 
measurements and all general Q Meter 
equations 2,7 apply. Q1 and C1 of the 
work coil are measured; then, with the 
unknown capacitor (C,) connected, Qz 
and Cz are also measured. The capaci- 
tance of the specimen is determined by 
the equation: 

c x  = c1 - c2 
and 

Qi Q2 c x  
Qx X-  

Qi-Qz Ci 
Dissipation factor measurements can be 
estimated by referring to Figure 7. For 
example, a 20-pf capacitor with an R, 
of 0.3 meg. ohms can be detected at 210 
Mc, using a work coil with a Q1 of 300. 
The dissipation factor would then be 
computed at follows: 

1 %  40 - - DE-=- - 

= 130 X 10-6 
= 0.00013 

Q Rp 0.3 X 106 

Consider the possibilities if higher Q 
inductors or resonators are used. One 
precaution must be observed if a false 
value for Cg is to be avoided. The Q 
dials (frequency dials) should always 
be returned to their original positions, 
indicated by the resonant peak of the 
work coil before Cx was connected. 

Direct parallel capacitance measure- 
ments, over a range of 0.1 to 20 pf are 
possible on the UHF Q Meter. It is also 
possible that capacitance measurements 
can be extended by a “step-shunt” tech- 
nique. This technique requires that an 
external capacitor or capacitors ( CA and 
CB), within the capacitance range of 
the instrument, be calibrated at the 
frequency of measurement. The external 
capacitors are then connected in parallel 

,- 
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The UHF Q Meter uses the peak of
[he tesonant rise to indicate resonance,
but employs the bandwidth relation
ship to determine Q, where:

f,
Q=- (1)

'"This relationship is shown in Figure 3.
fif is the frequency berween rhe tWO
0.707 volt:lge or half-power points, and
f, is the frequency at rhe resonant
peak. As is indicared in Figures 28 and
4, there are other more subtle differ
ences between the UHF Q Meter and
the lower frequency Q Meters. These
will be discussed later in this article.

FIELDS OF APPLICATION
Because of its frequency range, the

UHF Q Meter will serve many fields
of the ele-erronic industry. Some ex
amples of these fields ar given below.

FiElD
MiuH. o"d R"""et..,

CommUni."lio".
No"ig"l;o·",,1 Aid.
Rollo, onll ECM
Compon,n•• ond M"te.ioI5 M""..f"c1ure ••

Olio.. fi.ld.

BASIC OR CONVENTIONAL
MEASUREMENTS
Set-up Procedure

A condensed set-up procedure will
be given at this point to aid in the
understanding of the instrument. The
same procedure is used for both con
vemional and unconvemional measure
ments. Arbitrarily, it will be assumed
that the Q and induCtance of a small
induCtor is going to be measured.

1. The component to be measured
is clamped to the Q capacitOr terminals
by means of Ihe clamps provided (Fig
ures 1 and S), or by other suitable
means.

2. The oscillatOr is adjusted to pro
vide the desired operating frequency by

~)

Simplifi&d Cir<uit - COllve"tio"o' 0 Meter
(1",,- 260-A)

!~~"t'~~~~~~~~d
o MIGH-CAIN

CMOPPCR
LX c~p. DETECTOR AMPLlflCR

PROBC
BiTh L"

PISTON RCSONANC£
ATTENUATOR INDICATOR

o GNo.
..,.. _ L IS TME RESIDUAL

(B) INOUCTANCE or THE
Q CAPACITOR.

Sim,,/ifie<l Cireu" - UHF 0 M_t., T",,
''''-A

Flgu" 2. Compo.i.oll of Q M.,....,i"g Cin:uij
ill Convutio",,1 Q M.ter. ""d rh. UHF Q M,'••

means of the appropriate comrols.
3. TIle Q capacitor is adjusted until

outpUt is indicated on the resonance
indicating meter.

4. The Q capacitOr or Q (fre
quency) comrol is adjusted in con
junction with the Level Sct coiurol un~

til the resonant peak is indicared at full
scale on the meter.

SPECIFIC APPlICATIONS
T.I.met.y ""d ••mol••"nl.ol oy.l.mo.
Comm...i"l. mobil. "i.born•• reI", "etwo.....
omol.u. ,odio. UHF 1.Ie"ioion, ""d mili'".y
mobile.
Glid••10,,-

Indu<lo". .0.... .opo.ilo". UHF diod... in_
.ulolo... Dnd ..oiotoro.
" •••1••"'0,, ....die,,1 ....." ••10, o"d booi. .e
oe"••" of IMW mote.i"l•.

S. The appropriate Q dIal IS locked
and its knob is rumed clockwise to the
proper half-power point which is indi
cated by the Q mark on the meter.

6. The Q dial is unlocked and the
knob is rOtated in a countcr<lockwise
direction, through the resonant peak,
to the opposite half-power point; also
indicated by the Q mark on the meter.

7. Q is read directly On the appro
priate Q dial, capacitance is read di
recdy on the Q capacitOr dial, and in
dUCtance is read directly on the integral
calculatOr dial.

Inductance Measurements
Inductance measurements are a pri

mary funCtion of all Q Meters. The
UHF Q Meter capacitance dial is pro-
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vided with a spiral calculatOr to com
pute illduccance from the capacitance
reading and the operating frequency.
The direct-reading indunance range is
25 to 146 millimicrohenries (Figure
6). Circuit Q is read directly from the
CIRCUIT Q dial.

CapacitanCB Measurements
Capacitance measurements are scr

ond nature to a Q Meter, but arc in
direct measurements in that a reference
induCtor Ot "work. coil" must be used.
The clamps provided with the instru
mcnt permit individual connection of
rhe work coil and the unknown ca
pacitor for parallel measurements. Stan
dard Q Meter procedure is then em
ployed to make the parallel capacitance
measurementS and all general Q Meter
equations 2.7 apply. Ql and C1 of the
work coil are measured; then, with the
unknown capacitor (Cx ) connected, ~
and C2 are also measured. The capaci
tance of the specimen is determined by
the equation:

CX=Cl-C~

Md

Ql~ Cx
Qx= X-

QI -Q~ C,

Dissipation faCtor measurementS can be
estimated by referring to Figure 7. For
example, a 20-pf capacitOr with an RI,
of 0.3 meg. ohms can be detected at 210
Mc, using a work coil with a QI of 300.
The dissipation facror would then be
computed at follows:

1 Xc 40
D=-=-=---

Q R p 0.3 X 1O{I
= 130 X 10-6

= 0.00013
Consider the possibilities if higher Q

inductors or resonatOrs are used. One
precaution mUSt be observed jf a false
value for C~ is to be avoided. The Q
dials (frequency dials) should always
be returned to their original positions.
indicated by the resonam peak of the
work coil before Cx was connected.

Direct parallel capacitanCI; measure
mentS, over a range of 0.1 to 20 pf are
possible on the UHF Q Meter. It is also
possible that capacitance measurements
can be extended by a "step-shum" tech
nique. This technique requires that an
external capacitor or capacitors (CA and
Cu), within the capacitance range of
the instrumem, be calibrated at the
frequency of measurement. The external
capacitors are then mnnecte<! in parallel
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with another work coil and the Type 
280-A internal capacitor is adjusted to 
peak. The external capacitors are re- 
moved as required when the unknown 
capacitor ( CX) is connected. Then: 

i/ 

CX CA + CU f ( c l  - CZ) ( 2 )  
Series techniques may also be used. 

Some suggestions on this subject are 
taken up in the resistance measurement 
section which follows. 

Resistance Measurements 
Resistance measurements are also in- 

direct measurements, and the procedure 
used is identical to that used for ca- 
pacitance measurements. In this case, 
however, we are interested in the major 
parameter of resistance. Figure 8 shows 
approximate limits of measurable re- 
sistance for indicated Q1 values of 300 
and 500, Qz values of 20 and 10, and 
a AQ of 10. Approximate limits for 
both parallel and series measurements 
'are given. The upper limits of paral- 
lel measurements may be extended by 
utilizing higher Q reference inductors 
and smaller A Q  values. The lower lim- 
its of parallel measurements may be ex- 
tended, slightly, by using additional 
external capacitance. 

At ultra-high frequencies, series 
measurements present a more difficult 
problem. First, shunt capacitance and 
series inductance of the series jig must 
be small relative to the resistance to be 
measured. Secondly, a low inductance 
and low resistance short-circuiting de- 
vice must be employed. 

In the Type 280-A, circuit component 
contact resistance is basically the lower 
limiting factor in series measurements. 
This contact resistance usually becomes 
a function of the component shape and 
may require a special machined fixture 
for a given component. 

A short cut to solving the multiple 
computations of the real component of 
parallel impedance measurements is il- 
lustrated in Figure 7. Curves for a given 
work coil, with Q1 and frequency held 
constant, are plotted as a function of 
Q a  and Rp. If the work coil is stable, 
well designed, rigid, well plated, etc., 
these curves, or a group of curves, can 
be used for general measurements over 
long periods of time. 

SPECIAL OR NONCONVENTIONAL 
MEASUREMENTS 

The basic parameters of L, C, and Q 
are often affected when brought near, 
or in contact with, a component to be 
tested. Let us consider some specific 
instances and determine what measure- 
ments may be made. 

~ 

Figure 3. Q Resonance Curve 

Measurements Involving Change 
in Inductance and Resistance 

Iron cores, shells, toroids, and rods 
may now be tested simply, at higher 
frequencies, with the UHF Q Meter. It 
has been found that some defects are 
detectable in the resistive or Q2 indica- 
tion at these frequencies (210 to 610 
Mc) that do not show up at the lower 
operating frequencies. 

The ferro-resonant frequency of some 
ferro-magnetic components may be de- 
tected on the resonance indicating met- 
er, if this resonance falls within the 
instrument frequency range. 

Figure 9 suggests a possible jig de- 
sign for coupling these and other com- 
ponents, liquids, and materials into the 
inductive field of a test coil. The plastic 
plug can be machined to precisely posi- 
tion the specimen so that the change 
in C, L, or Q falls within the range of 
the instrument. A change of inductance 

indicates a change in effective per- 
meability and a change in Q indicates 
a change of specimen resistivity. A high 
degree of precision can be achieved in 
these measurements, since both the work 
coil and plug can be fabricated on pre- 
cision machines. 

A work coil and two plastic plugs, 
patterned after those shown in Figure 
9, were made and attached to the Q 
capacitor terminals on the UHF Q 
Meter, and a few experiments were per- 
formed which produced some interest- 
ing results. In the first experiment, a 
group of small shell cores were inserted 
in the plastic plug and tested at 400 
Mc. Q1 was determined to be within 
5 %  of 630, and Q2 was within 5% of 
284 for all cores. Inductance increased 
by 5 %, indicating permeability greater 
than unity, even at 400 Mc. Core #4 
showed a 5 %  decrease in inductance, 
with a drop to 135 in Q2. This core 
was obviously of low-frequency material 
acting like a poor short circuit. This ex- 
periment indicates a technique for eval- 
uating inductive tuning or adjustment 
devices and their effects upon circuit 
Q at ultra-high frequencies. 

The author has long been curious 
about the effects of liquids on circuit 
Q. This curiosity led to the second ex- 
periment, performed to determine the 
effect of tap water on circuit Q, with 
and without a few salt crystals added. 
QZ measured for the clear water was 
610. Low losses, very little change in 
inductance, and approximately 1 % in- 
crease in distributed capacitance were 
noted. A pinch of salt (NaC1) was 
then added and the effects noted. Q2 
dropped to 255, with no inductance 
change apparent. It can be concluded 

-l 
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Q CAPACITOR ASS 'Y  

Q CAP. 

RESONANCE 
INDICATOR 

CHOPPER 

- c - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Figure 4. Block Diagram of UHF Q Meter Showing External Resonator Connections 
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indicates a change in effective per
meabiliry and a change in Q indicales
a change of specimen resistiviry. A high
degree of precision can be achieved in
these measurements, since both the work
coil and plug can be fabricated on prc·
cision machines.

A work coil and tWO plastic plugs,
patterned after those shown in Figure
9, were made and attached to the Q
capacitOt terminals on lhe UHF Q
Meter, and a few experiments were per
formed which produced some interest
ing results. In the first experiment, a
group of small shell cores were inserted
in the plaslic plug and tested at 400
Mc. Q\ was determined to be within
5% of 630, and Q2 was within 5% of
284 for all cores. Inductance increased
by 5%. indicatin,g permeability greater
than unity. even at 400 Mc. Core #4
showed a 5% decrease in inducrance,
with a drop to 135 in Q2' This core
was obviously of low-frequency malerial
acting like a poor shon circuir. This ex
periment indicates a technique for eval·
uating inductive tuning or adjustment
devices and their effects upon circuit
Q at uhra-high frequencies.

1111' author has long been curious
about the eHecls of liquids on circuil
Q. This euriosiry led to the second cx
periment, performed to determine the
effect of tap water on circuit Q, with
and without a few salt crystals added.
Q, measured fot the clear watcr was
610. Low losses, very little change in
inductance, and approximately I % in
crease in distributed capacitance were
noted. A pinch of salt (NaCl) was
then added and the effects noted. Q:!
dropped to 255, with no inductance
change apparent. It can be concluded

HIGH( ~~OR

Q CAP.- ~.
L

'"
GND. ,U

>- ~ L.;

OSCILLATOR

~
w•>
~ JUMP MPER

t~~~-~~----------~::~-------
"~ INDUCTIVE EXTERNAL DIODE
a: PROBE OR RESONATOR DETECTOR
~ ATTENUATOR OR crRCUIT PROBE
x
wL _

Measurements Involving Chonge
in Inductonce ond Resistonce

Iron cores, shells, tOroids, and rods
may now be tCSted simply, ar higher
frequencies, with the UHF Q Meter. It
has been fouod that some defects are
detectable in the resistive or C2! indica·
lion at these frequencies (210 ro 610
Mc) that do nor show up at the lower
operating frequencies.

111C ferro-resonant frequency of some
ferro-magnetic componentS may be de
tected on the resonance indicating met
el, if this tesonance falls within the
instrumem frequency range.

Figure 9 suggestS a possible jig de
sign for coupling these and Other com·
ponents, liquids, and rnaterials into the
inductive field of a test coil. The plastic
plug can be machined to precisely posi
tion the spedmen so that the change
in C, L, or Q falls within The range of
the instrument. A change of inductance

fig,,,.. 3. 0 R..onon•• ell"'.

r
--------~~A~CITO~~~------~;;~;

HIGH-GAIN a

with anOther work coil and Ihe Type
280-A internal capacitor is adjusted to
peak. The external capacitors are re
moved as required when the unknown
capacitor (Cx ) is connected. 111en:

CX=CA+CU + (Cl -C2 ) (2)
Series techniques m~y also be used.

Some suggestions on this subject are
taken up in the resistance measurement
section which follows.

Resistance Measurements
Resistance measuremems are also In

direct measurementS, and the procedure
used is identical to that used for ca·
pacitance measurements. In this case,
however, we are intercsted in the major
parameter of resistance. Figure 8 shows
approximate limits of measurable re
sistance for indicated Q, values of 300
and 500, Q2 values of 20 and to, and
a 6.Q of to. Approximate limits for
both patallel and series measurements
'are given. 111e upper limits of paral
lel measurementS may be extended by
utilizing higher Q reference inductors
and smaller 6.Q values. The lower lim
irs of .parallel measurements may be ex
tended, slightly, by using additional
external capacitance.

At ulna-high frequencies, series
measurements present a more difficult
problem. First, shunr capacilance and
series inductance of the series jig must
be small relative to the tesistance to be
measured. Secondly, a low inductance
and [ow resistance shan-circuiting de·
vice must be employed.

In the Type 2BO·A, circuit component
COntan resistance is basically the lower
limiting factor in series measurements.
This contact resistance usually becomes
a function of the component shape and
may require a special machined fixture
for a given component.

A shan CUt to solving the multiple
compulations of the real component of
parallel impedance measurements is iI·
lustrated in Figure 7. Curves for a given
work coil, with Q\ and fn.·quency held
constant. are plOtted as a function of
Q2 and RI" If the work coil is stable.
well designed, rigid, well plated, etc.,
these curvcs, or a group of curves, can
be used for general measuremems over
long periods of time.

SPECIAL OR NONCONVENTlONAl
MEASUREMENTS

Ibe basic parameters of L, C, and Q
are often affecte<l when brought near,
or in contact with, a component to be
tested. Let us considcr some specific
instances and determine what measure
ments may be made.
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then, that the RF resistivity or losses 
only change in a positive direction with 
the addition of salt. 

These experiments point up the ap- 
plication of the UHF Q Meter in the 
UHF inductive heating field (cooking 
of foods, curing of adhesives and resins, 
etc.) where it is important to know 
the frequency of optimum energy ab- 
sorption. 

Jigs similar in theory to the one dis- 
cussed above, but more sophisticated, 
may be constructed to detect, test, and 
measure more complex components 
and materials and to solve more exacting 
problems. For example, a capacitance- 
loaded or “end-tuned’ coaxial resonator 
could be adapted to check toroidal be- 
havior under truly inductive conditions 
and with the flux lines in a specific 
plane. 

Measurements Involving 
Change in Capacitance and 

Resistance 
The measurement of the dielectric 

loss factor of Teflon, Polyethlene, etc., 
is one of the most difficult measure- 
ments to make with any degree of 
accuracy. For example, high-grade Tef- 
lon is known to have a loss factor of 
approximately 0.000 14. 

The Type 280-A UHF Q Meter, with 
its frequency range of 210 to 610 Mc 
and Q range of 10 to 25,000, makes 
this equivalent high shunt resistance 
more readable. Further, since the Type 
280-A employs a bandwidth measuring 
system; i.e., Af is measured between 
the half-power points, permitting the 
use of frequency counting techniques; 
calibration and readability of the Q 
dials can be eliminated as a source of 
error and A Q  becomes more readable, 
limited only by our ability to measure 
Af. Let us consider the order of 
Af or frequency changes that will be 
encountered for such a measurement. 
Conditions: 
1. The specimen capacitance (Cx ) 

should be about 10pf. 
2. If a plate area of 0.6 inches is used, 

material thickness should be 1/32 
inch for approximately 10 pf C,. 

3. C1, under these conditions, should be 
approximately 15pf. 

4. Q1 should be at  least 500. 
5. Operating frequency is 300Mc. 
Solving for AQ: We can now solve for 
the expected A Q  for a 0.0001 dissipa- 
tion factor. In this case: 

1 
D = -, Qx z 10,000. 

QX 

Lg-J 
I. A L L  DIMENSIONS IN INCHES 
2. ALL  HOLES TAPPED 2-56. 
3. A.B-CALIBRATED QPECIMEN 

M’OUNTING POINTS 

Figure 5. 0 Capacifor Terminal Dimensions 

Using the standard equation for Q: 
Q i Q 2  Cx 

Q, = - x -. ( 3 )  

Let C,/C1 = K = 0.66 which is a 
practical ratio adjustable by manipula- 
tion of inducance or frequency and spe- 
cimen thickness. Then: 

AQ Ci 

Qi Qz 

AQ 
Q x = K -  

since 

4 2  Qi - AQ; 
and 

KQi 
AQ = 

Qx + KQ1 
Examplo (for above conditions) : 

.66 (500)  

10,000 + .66 x 500 

.66 ( 2 5  x lo4)  

10,330 

AQ = 

- - 

( 4 )  

(5)  

= 16 

Calibrated dial divisions at  this Q - 
FREQUENCY-MC 

Figure 6. Inductance Range of the UHF Q 
Meter (Direct Reading) 

( 9 )  

value are 10 units. This means that 
estimates from the dial reading can be 
within approximately 20% of this A Q  
value. With a A Q  of 16 at a frequency 
(fr)  of 300 Mc, what is the frequency 
bandwidth change? Let us refer to this 
change as Af,. The derivation of the 
equation used is as follows: 

i, 

f, f r  

Qi = -, Afi = - 
A fl Qi 

f r  f r  

Q2 = -, Af2 2 - 
n fz  Qz 

( 7 )  

( 8 )  

AQ = Qi -Qz, Qi > Q2 

Af3 = Afz-Afl 
f r  f r  - -_  - - 
42 Qi 

Clearing: Qifr -Qdr  
Af, = 

Qi 42 
f r  (Qi -Q2) 

- - 
Qi 4 2  

f r  (AQ) 

Qi Qz 

300 Mc x 16 

500 x 484 

= ,0198 Mc’or 19.838 kc 

L 
( 1 0 )  - - 

To compute the above example: 

Af, = 

From the above example, two factors 
stand out as important to the accuracy 
of measurement: First, the value of the 
ratio K in equation 4, especially if the 
Q dial readout is to be used, should ap- 
proach as close to unity as possible to 
optimize readability. Secondly, equa- 
tions 7, 8, 9, and 10 indicate that a 
frequency measurement technique can 
be used to measure Q1, QZ,,and AQ. 

Use of an Auxiliary Frequency 
Counter to Measure loss Factor 

Fortunately Yor those with dielectric 
loss measurement problems, the art of 
frequency measurement is highly re- 
fined and is really a simple solution 
to the loss-factor measurement problem. 
A popular frequency measuring device 
found in most laboratories is the fre- 
quency counter. This instrument, with 
a suitable transfer oscillator, has more 
than sufficient accuracy and resolution 
for this application. The frequency 
counter is connected to jack J1  at the 
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(7)

( 10)

f,

Q,

Q1Q~

f, (Q, -Q,)

Q1Q2

f,(LlQ)

Q1Q~

To compute the above example:

300Mcx16

Q~ QI

Clearing: Qlfe-Q~fr
6.fa=----

f e f,
Q~ = -, 6.f~ (8)

6f~ Q~

6.Q = QI -Q~I Ql > Q~

6.fa = 6.f;1-6.f 1 (9)

Llf, ~ ----,--,
500 x 484

.0198 Mc'or 19.838 kc

value are 10 units. ·This means ehal
estimatcs from the dial reading can be
within approximately 20% of this 6Q
value. With a 6Q of 16:1t a frcguency
(f,) of 300 Me, what is the fregucncy
bandwidth change? I.et us refer to {his
change as 6£:1. The derivation of the
equation used is as follows:

From the above example, twO factors
stand Out as imIXlrranr to the accuracy
of measurement: First, the value of the
ratio K in (.><juation 4, especially if the
Q dial readout is to be used, should ap
proach as close to unity as possible to
optimize readability. Sc<:ondly, equa
tions 7, 8, 9, and 10 indicate that a
frequency measurement eechnigue can
be used to measure Ql, Q~, ,and 6Q.

Use of an Auxiliary Frequency
Counter to Measure lass Factor

Fortunaeely 'for [hose wieh dielectric
loss measurement problems, the art of
frequency measurement is highly re
fined and is really a simple solution
to the loss·factor measurement problem.
A popular frequency measuring device
found in most laboratories is the fre
quency coumer. This instrument, with
a SUlrable transfer oscillator, has more
than sufficient accuracy and resolution
for this application. The freguency
counter is connected [0 jack J I at the

OlOUNO
PLANE

l!l
"

10,no

10,000 + .66 x 500

.66 (25 x IO~)

= 16

LlQ

HIGH
TEIlIolIN"'L

,nd
KQ1:!

LlQ = (6)
Q.+KQl

r:xample- (for above condir.ions):

.66 (500)'

since

B -t- I~ •• - .+
1 -rib.. ...... t.: 2~

"l "'LL D1MEN:5IQN:5 IN INCHE:s.
2. "'LL HOLES ""'''I'EO 2-5~.
3.....S-C...UBII ...TEO ~PECIMEN

MOUNTING POINTS.

F;g"n 5. Q C..poei'", re,mi..,,1 I)i"'.....;..".

Using the srandard e<juation for Q:
QI Q~ C.

Q.=-x-. (l)
6.Q C1

Ler C./e l = K = 0.66 which is a
practical ratio adjustable by manipula
tion of inducance or fregucncy and spe
cimen thickness. Then:

Calibrarcd dial divisions at this Q

Fig",. 6. I"""d.." ........g .. of the UHF Q
Merer (Direct ReodingJ

then, that the Rf resistivity or losses
only change in a positive direction with
the addition of salt.

11lese experiments point up the ap
plication of the UHF Q Meeer in the
UHF inductive heating field (cooking
of foOOs, curing of adhesives and resins,
etc.) where it is importam to knOW
the frequency of optimum energy ab
sorption.

Jigs similar In theory to the one dIS
cussed above, but more SOphlStlCated,
may be constructed to detect, test, and
measure more complex componems
and materials and to solve more exacting
problems. For example, a capacitance
loaded or "end-tuned" coaxial resonator
could be adapted ro check toroidal be
havior under truly inductive conditions
and with the flux lines in a sp<:cific
plane.

Measurements Involving
Change in Capacitance and

Resistance
The measuremem of the dielectric

loss factor of Tc(lon, Polyethlene, etc.,
is one of the mOSt difficult measure
mems to make with any degree of
accuracy. For example, high-grade Tef·
Ion is known to have 11 loss factor of
approximately 0.00014.

'(be Type 280-A UHF Q Meter, with
its frequency range of 210 to 610 Mc
and Q range of 10 to 25,000, makes
this equivalent high shunt resistance
morc readable. Further, since the Type
280-A employs a bandwidth measuring
system; i.e., 6.f is measured between
[he half-power poims, permitdng the
use of frequency counting technigues;
calibradon and rt-'l\dabiliry of the Q
dials can be eliminated as a source of
error and 6Q becomes more readable,
limired only by our ability to measure
6f. Let us consider the order of
6f or frequency changes that will be
encoumered for such a measuremem.
Conditions:
l. TIle specimen capacitance (C.)

should be about !Opf.
2. If a plate area of 0.6 inches is used,

material thickness should be 1/32
inch for approxima[e1y 10 pf C•.

3. Cl> under these conditions, should be
approximately 15pf.

4. Ql should be at least 500.
5. Operating frt'quency is 3OOMc.
Solving fOf' 6.Q: We can now solve for
the expected 6.Q for a 0.0001 dissipa.
tion faCtor. In this case:

I
D = -, Q. = 10,000.

Q,

4
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Figure 7 .  R, versus Q 2  and Cx 

rear of the Type 280A (Figure 4 )  
which is provided especially for moni- 
toring the UHF Q Meter frequency. 
With this technique the accuracy of 
measurement is determined by the short- 
term frequency stability of the Type 
280-A and the stability of the half- 
power indicator in its most insensitive 
position (position of maximum stabil- 
ity). In this mode of operation, 0.5 kc 
per minute per 100 megacycles can be 
resolved with good repeatability. For 
this method of dielectric measurements, 
it is convenient to derive the equations 
for Qx and D, (dissipation factor) in 
terms of frequency. Considering the re- 
lationships of equations 7 and 8, equa- 
tion 3 can be written: 

- 
Qx = r x q  X- c, c1 

-x- 
Afl Af2 

f r 2  Af, x f 2  c x  
Ox= X x -  

Af, x Af, Af2 x fr-Af, x f,. c1 
f r  CX 

f r  (Af2  -Af1) c1 
f r  c x  

(Af2-Af1) c1 
Af2-Af1 c1 

Dx = x- ( 1 2 )  
f r  C, 

Dielectric loss factor measurements in 
this range, were heretofore obtained by 
refined techniques and extreme skill. 
The Type 280-A Af technique can 
achieve t l O %  accuracy (or one part 
in the fifth place) with considerable 
simplification of the measurement pro- 

X -  - - 

x- (11) - - 

cedure in this frequency range. 
Measurement of Semiconductor 

Components and Materials 
Since one of the key features of 

the new UHF Q Meter is high detector 
gain, low RF levels are available across 
the component to be tested. The level 
can be selected by the front panel SEN- 
SITIVITY control from 25 to 250 
millivolts. Of the many components 
measurable in this RF voltage range, 
the variable-capacitor diode is one of 
the best examples. Here, one is most 
concerned with the behavior of Q and 
capacitance as a function of bias and 
frequency. With 0.025 volts RF across 
the diode, investigations to almost zero 
bias ( 0 . 1 ~  dc) can be made. RF im- 
pedance of detector and mixer diodes 
can be determined using standard Q 
Meter equations7. A suggested design 
for a diode jig, with provisions for bias- 
ing, is shown in Figure 1. Other para- 
metric and nonlinear components, in- 
cluding hie, h,,, and hob of some UHF 
transistors, may be measured in a sim- 
ilar manner. Semiconductor material re- 
sistivity can be measured in the electro- 
static manner previously described un- 
der “Measurements Involving Change 
in Capacitance and Resistance”, or rel- 
ative resistivity can be obtained using 
the inductive jig previously described 
under “Measurements Involving Change 
in Inductance and Resistance.” 

External Resonator and 
”in Circuit” Measurements 

One of the most interesting phases 
of the new UHF Q Meter application 
is the measurement of external reson- 
ators and “in circuit” measurements. Re- 
ferring to Figure 2B and 4, observe that 
there is really no direct connection to 

FREQUENCY - MC 
yure 8. Approximate Resistance Range 
e UHF 0 Meter 

the injection and detection circuits. The 
RF signal is actually magnetically 
coupled or induced into the Q capacitor 
by a piston-type inductive attenuator. 
This device is a tubular probe, with a 
single turn of wire at its end. The de- 
tector circuit is similar to a conventional 
diode probe used on many RF vacuum 
tube voltmeters and is coupled to the 
Q capacitor by merely bringing one end 
of it near the electrostatic field of the 
stator structure. 

The fact that there is actually no 
conductive connection to the circuit un- 
der test suggests many possible config- 
urations for making measurements. As 
shown in Figure 4, connections to the 
Q capacitor assembly have been made 
through a series of jacks and jumpers 
located at the rear of the instrument. 
This means that the oscillator and 
high-gain amplifiers may be discon- 
nected from the Q capacitor. 

External Resonators 
First, let us assure that we have a 

coaxial resonator and need to know its 
Q and resonant frequency. Due to the 
physical size of the component, it can 
not be mounted on the Q capacitor ter- 
minals. Even if it could be mounted, 
the minimum capacitance of 4pf would 
prohibit uncorrected measurements. The 
Type 280-A, with appropriate accessor- 
ies, can make these measurements on 
the bench rather than on the instrument. 
Figure 4 shows the connections for a 
typical resonator circuit. The piston 
attenuator and diode probes shown in 
Figures 1 and 4 will be made available 
as optional accessories for the Type 
280-A. 

The procedure for making this meas- 
urement is basically the same as for 
making conventional measurements, ex- 
cept that the “Level Set” controls ( Q  
capacitor piston attenuator and Q ca- 
pacitor controls) are no longer opera- 
tive. The motion of the attenuator probe 
and adjustment of the dc potentiometer 
serve as the “Level Set” control once 
the detector probe has been positioned. 
The frequency or CI’RCUIT Q dials are 
then tuned to obtain the resonant peak. 
The resonant frequency is read directly 
on the frequency dial, or by means of 
external frequency measuring equip- 
ment if desired. The Q measuring pro- 
cedure is fhe same as described above 
for inductors. 

Care must be taken to a;oid unex- 
pected loading of the resonator. Pre- 
vention of this loading is one function 
of the coupling block and is also the 
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rear of the Type 280A (Figure 4)
which is provided especially for moni
toring the UHF Q Meter frequency,
With this technique the accuracy of
measurement is determined by the shon
term frequency stability of the Type
280·A and the stability of the half·
power indicator in its most insensitive
position (position of maximum srabil·
ity). In this mode of operation, 05 kc
per minute per 100 megacycles can be
resolved with good repeatability. For
this method of dielectric measurements,
it is convenient ro derive the equations
for Q. and D. (dissipation facror) in
terms of frequency. Considering the re·
lationships of equations 7 and 8, equa
tion 3 can be written:

the injection and detectioll circuits. The
RF signal is aCtually magnetically
coupled or induced into the Q capacitor
by a piston-type inductive attenuator.
This device is a tubular probe, with a
single rurn of wire at its end. The de·
tectOr circuit is similar to a conventional
diode probe used on many RF vacuum
rube voltmeters and is coupled to the
Q capacitor by merely bringing one end
of it near the electrostatic field of the
statOr structure.

The fact that there is aaually no
conductive connection to the circuit un
der test suggestS many possible config·
urarions for making measurements. As
shown in Figure 4, connections to the
Q capacitor assembly have been made
through a series of jacks and jumpers
located at the rear of the instrument.
This means that the oscillatOr and
high-gain amplifiers may be discon
nected from rhe Q capacitOr,

External Resonators
First, let us assure that we have a

coaxial resonatOr and need 10 know its
Q and resollant frequency, Due to the
physiClJ size of Ihe component, it can
not be mounted on the Q capacitor ter
minals. Even if it could be mounted,
the minimum capacitance of 4pf would
prohibit uncorrected measurements. The
Type 280·A, with appropriate accessor·
ies, can make these measurements on
the bench rarher than on the instrument,
Figure 4 shows the connections for a
typical resonator circuit. The piston
attenuatOr and diode probes shown in
Figures I and 4 wiJl be made available
as optional accessories for the Type
280·A.

The procedure for making this meas
urement is basically the same as for
making conventional measurements, ex
cept that the "Level Set" controls (Q
capacitOr pistOn at(enuator and Q ca
pacitOr controls) are no longer opera
tive. The motion of the attenuator probe
and adjustment of the dc potentiometer
serve as the "Level Set" comrol once
the detectOr probe has been posidoned.
The frequency or CI'RCUIT Q dials are
then tuned to obtain [he resonant peak,
The resonam frequency is read directly
on the frequency dial, or by means of
external frequency measuring equip
ment if desired. The Q measuring pro·
cedure is the same as described above
for inductors.

Care must be raken to avoid unex
pected loading of the resonatOr. Pre
vention of this loading IS one function
of the coupling block and is also the

cedure in this frequency range.
Meo$urement of Semitonduttor

Components and Materials
Since one of the key features of

the new UHF Q Meter is high detector
gain, low RF levels arc available across
the component to be tested. The level
can be selected by the front panel SEN·
SITIVITY control from 25 to 250
millivolts. Of the many components
measurable in this RF 'lOlrage range,
the variable-C1pacitor diode is one of
the best examples. Here, one is most
concerned with the behavior of Q and
capacitance as a function of bias and
fre<Juency. With 0.025 volts RF across
the diode, investigations to almost zero
bias (O.lv dc) can be made. RF im·
pedance of detecror and mixer diodes
can be determined using standard Q
Meter equations 1. A suggested design
for a diode jig, with provisions for bias
ing, is shown in Figure I. Other para
metric and nonlinear components, in·
duding h l¥, h,•., and n...., of some UHF
transistors, may be measured in a sim
ilar manner, Semiconductor material re
sis(ivity can be measured in the electro
static manner previously described un·
der "MeasurementS InVOlving Change
in Capacitance and Resistance", or rel
ative resistivity can be ob(ained using
the induaive jig previously described
under "Measurements Involving Change
in Inductance and Resistance:'

Externol Resonator and
"In Circuit" Measurements

One of the most interesring phases
of the new UHF Q Meter application
is the measurement of external reson
arors and "in circuit"" measurements. Re·
ferring to Figure 28 aut! 4, obser....e that
there is really no direct connection to

"9U'" I. App,o.imole ReN,/Oll•• lIollie e'
III. UHf Q Me'.,

f, f,
,--

6f, 6f, C.
x-

f, f, e.
x--

6f, 6f,

L:,.f1 x f~ C.f<2
O. X x-

.6ftx.6f~.6f2Xf,-.6flXf,C\

f r
2 C.

----x-
f, (.6L-.6fd C.

f, C.
,..,.-:-,..-:-: x - ( 11 )
(.6f~-L:,.fd C\

.6f':!-.6f1 Cl
D.= x- (12)

f, C.
Dielectric loss factor measurementS in

this range, were heretofore obtained by
refined techniques and extreme skill.
The Type 280·A .6f te<:hnique can
achieve ± 10% accuracy (or one pan
in the fifth place) with considerable
~implification of the measuremenr pro·

Q.
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reason that an adjustment is provided 
on the attenuator probe. Two Q read- 
ings, at different detector probe and 
attenuator probe settings, will establish 
the extent of loading. If there is any 
loading, Q2 will be different than QI. 

A plot of two or three Q readings 
as a function of coupling will show that 
Q approaches a limit, asymptotic to the 
Q value, at which the Type 280-A in- 
jection and detection circuit reflected 
losses are negligible. This Q value is 
the actual unloaded Q of the resonator 
under test. 

In resonators of this type, Q is im- 
portant as a method of determining 
bandwidth in receivers. The effects of 
circuit loading can be determined and 
optimized. 

As a power handling device, Q is re- 
lated to efficiency (E)  as follows: 

QL 

QUL 

E =  100 (1 --) %, (13 )  

where QL = Q loaded and QUL = Q 
unloaded. 

“In Circuit” Measurements 
A distinct advantage of the UHF Q 

Meter is its ability to measure the Q 
of resonant circuits (resonators) as 
they are connected and mounted in ac- 
tual use; i.e., “in-circuit” measurements. 
This is extremely important, since the 
behavior of most resonators is a func- 
tion of many things. Resonators may 
take many forms; i.e., coaxial, cavity, 
open lines, strip lines, butterfly tanks, 
etc. An example of a typical “in-circuit” 
measurement problem is shown in Fig- 
ure 1. Here, flat strips are used to form 
a resonator for a developmental RF 
amplifier. It is important to know the 
QL and QcL of the resonator to deter- 
mine the optimum efficiency versus 
bandwidth compromise. Coupling was 
achieved as illustrated, and the follow- 
ing example readings were made at 

= 100 (1  - 40/400) = 90%. It was 
found that due to radiation losses, QUL 
dropped to 300 with the shield removed, 
resulting in an efficiency of 100 ( 1  - 
40/300) % = 84%. These efficien- 
cies were adequate, but a different tube 
type and aluminum shields resulted in 
a QrL of 100. Efficiency was 60% un- 
der these conditions and, therefore, this 
may prove to be an unusuable config- 
uration. 

An extension of this type of meas- 
urement can be applied to mating com- 
ponents, or may be used to determine 

400 Mc: Q ~ L  = 400, QL = 40, E 

I 
I m-f 

Figure 9 .  
lance Jig 

Suggesied Design for a n  Induc- 

Q at the self-resonant frequency of an 
inductor. The components are placed 
on a small ground plane in the vicinity 
of the probes, or in a convenient shield, 
to limit radiation losses and body capa- 
citance effects. By this means, any tun- 
ing or fixed capacitor desired may be 
employed. 

It is important to realize that meas- 
urements made in the manner described 
in this section yield Qp; i.e., the effective 
Q of the component and a3sociated cir- 
cuit inperceptably influenced by the Q 
Meter, if care is used to determine suf- 
ficient probe decoupling. This is the 
actual “in-circuit” Q and can be used 
directly in circuit computations. The 
Type 280-A UHF Q Meter is the only 
Q Meter in existance that can measure, 
directly, the Q of a circuit that is res- 
onant at the frequency of measurement. 

To measure circuit “stray” capaci- 
tance, a coil may be calibrated on the 
Q capacitor and then soldered into the 
circuit at the desired points. The cir- 
cuit capacitance can then be computed 
from the relationship foi resonance: 

f=- 

or 

1 

O J E  

1 

f 2  0 2L 
C = -  (14 )  

The same technique can be applied to 
circuit inductances. 

CONCLUSION 
We have attempted to describe some 

of the applications of the new UHF Q 
Meter Type 280-A, but realize that 
there will be many more jobs for this 
versatile instrument; some of which are 
not apparent at this writing. These will 
provide worthwhile subject matter for 
future articles in The Notebook. 
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SERVICE NOTE 
RX Meter Null Indicator 

Proper operation of the Type 250-A 
RX Meter is dependent upon the correct 
balancing of the bridge circuit, and the 
bridge circuit cannot be correctly bal- 
anced if the NULL INDICATOR is not 
functioning properly. To  check the 
operation of the NULL INDICATOR, 
proceed as follows: 

1. Select the desired measuring fre- 
quency by means of the OSC 
RANGE and OSC FREQ controls. 

2. Set the C,, dial to “0’ and the 
R ,  dial to co. 

3. Unbalance the bridge by shorting 
the two binding posts and adjust- 
ing the DETECTOR TUNING 
knob until maximum deflection is 
obtained on the NULL INDICA- 
TOR. The meter pointer should 
indicate about 3 5  scale divisions. 
A peak of substantially less than 
this amount is usually an indication 
of an unusuable harmonic response 
instead of the desired fundamental. 
At higher frequencies, two funda- 
mental frequency peaks will be ob- 
served, either of which represents 
satisfactory tuning of the detector. 
Several secondary or harmonic 
peaks, which may be recognized by 
their relative sharpness and low 
amplitude, will be observed be- 
tween the fundamental peaks. Care 
should be taken not to tune to one 
of these harmonics, since this will 
produce erroneous readings or make 
bridge balance impossible. When 
maximum meter deflection has 
been obtained, remove the short 
from across the binding posts and 
tighten the binding posts nuts. 

4. Balance the bridge by adjusting 
the three ZERO BALANCE con- 
trols, alternately, until a minimum 
deflection is obtained on the i 
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f:lw 2L
The same technique can be applied to
circuit inductances.

CONCLUSION
We have 2nempred 10 describe some

of the applications of Ihe new UHF Q
Meter Type 2BO.A, but realize that
Ihere: will be many more jobs for this
ycrsatile instromenl; some: of which a.re
00f apparent at Ihis wriling. These will
provide wonhwhile subjea maner for
furure anides in The NOIebook.

SERVICE NOTE
RX Meter Null Indicator

Proper operation of the Type 250-A
RX Meter is dependcnt upon the correct
balancing of the bridge circuit, and Ihe
bridge circuit cannot be correctly bal
anced if the NUll INDICATOR is nOl
functioning properly. To check Ihe
oper:uion of Ihe NULL lNDICATOR,
proceed as follows:

I. Select the: desired measuring fre
quency by means of the OSC
RANGE 2nd OSC FREQ controls.

2. ScI: lhe c.. dial to "0" and rhe
RI' dial 10 co.

3. Unbalance the bridge by shorting
the twO binding posts and 2djust
ing the DETECfOR TIJNLNG
knob until maximum deflection is
olxained on the NULL lNOlCA·
TOR. Th~ meter pointer should
indicate about 35 scale divisions.
A peak of substamially less th2n
this amount is usually an indication
of an unusuable harmonic response
instead of the desired fundamental.

AI higher freo::juencics, (WO funda
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Q at the sel(·rcsonam frequency of an
inductor. The components are placed
on a small ground plane in the vicinity
of the probes, or in a convenient shield,
to limit radiation losses and body capa
citance eHcns. By this means, any tun
ing or fixed capacitor desired may be
employed.

It is imponant 10 realize that meas
urements made in th~ manner described
in this section yield Q~; i.e., the effective
Q of tbe: component and :issociared cir
cuit inpc:rcepta.bly influenced by Ihe Q
Meter, if cue is used to determine suf
ficient probe decoupling. This is the
aaual "ill-circuit"' Q and (all be: used
dir«dy in circuit cornpurauoos. The
Type 280-A UHF Q Metcr is the ooIy
Q Meter in o:istance that can measure,
directly, the Q of a circuit Ihat is res
ollllm at the frequency of measurement.

To measure circuit "stray" capaci.
lance, a coil may be calibrated on the
Q capacitor and thCII soldered into tbe
circuit at the desired points. The cir
cuir capacitance can then be computed
from the relationship fot rcsonance:

I
f=-

wj[C
0'

Q..
E= 100 (I ~-) %, (13)

QUL
where QI. = Q loaded and QrL = Q
unloaded.

"In Circuit" MeQsurementl
A distinct advantage of rhe UHF Q

Meter is irs ability to measure the Q
of rC$OlUm circuits ( rc:5Oll1ltl>rs) 1lS

they arc connected and moumed in llC

Iwl usc; i.e., Min-circuil" lIlC1lSuternenrs.
This is cxucmdy impotl1lDt, sinc~ th~

behavior of most rc:5Oll1ltofS is 2 fullC
tion of many things. Resonators may
rake many forms; i.e., coaxial, cavity,
open lines, suip lines, buuerfIy ranks,
etc. An example of a typical "in-circuit"
measurement problem is shown in Fig.
ure I. Here, flat strips are used to form
a re50nawr for a developmental RF
amplifier. It is important to know the
QI, and Qn. of the resonator to deler
mine the optimum efficiency versus
bandwidth compromise. Coupling was
achieved as illustrated, and the follow
ing example readings were made at
400 Me: Qn, = 400, QL = 40, E
= 100 (I - 40/400) = 90%. It was
found that due to radiation losses. Qn.
dropped to 300 with the shidd removed,
resulting in an efficiency of 100 (I.
40/3(0) % = 84%. These efficien·
cies were adequate, but a differem rube
type and aluminum shields resulled in
a Q"L of 100. Efficiency W1l.S 60% un
der these conditioos and, thcreJore, Ihis
may prov~ to be an unusuable config
uralion.

An exlmsion of this type of meas·
urement can be applied to mating com
ponents, or may be used to dcrermine

reuon that an adjustment is provided
on th~ 2uenwwr probe. Two Q rn.d
ings, al diffa~m detectOr probe and
21t~nW(Qr probe settings, will establish
the extent of loading. If there is any
loading, <b will be: differem than QI.

A plOl of twO or three Q readings
as a function of coupling will .show lhat
Q approaches a limit, asymptOlic 10 th~

Q valu~, at which the Type 2BO-A in
jection and detection circuit reflecled
losses ue n~gligible. This Q vaJu~ is
Ihe aaual unloaded Q of the resonator
und~r test.

In rcsonators of this type, Q is im
portant 1lS a method of determining
bandwidth in receivcrs. The effects of
circuit loading caD be determined and
optimized.

As a power handling device, Q is re
lated to efficiellCY (E) as follows:
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NULL INDICATOR. The indica- 
tion should not be more than 3 
scale divisions on the meter. At 
frequencies above 100 Mc, the 
COARSE R control should be ad- 
justed to its approximate mid- 
poin t  posi t ion before  nul l  is 
sought. Since a slight interaction 
exists, at high frequencies, between 
the FINE R and C controls, it is 
important to use all three controls 
to obtain final balance. When an 
apparent null has been obtained, 
the circuit should be tested for true 
balance by slowly rocking the R, 
dial above and below the setting, 
and observing the NULL INDICA- 
TOR. If a deeper null is observed 

at some R, value other than co, 
the R,, dial should be returned to 
the latter indication and a new 
balance obtained with the ZERO 
BALANCE controls. 

NOTE: When the measurement fre- 
quency is changed,  s teps  2 
through 4 above should be 
repeated. 

5. After the bridge is balanced as de- 
scribed above, set the frequency 
controls for 0.5 megacycles and 
change the R, dial setting from 
w to 100K. The NULL INDICA- 
TOR pointer should deflect upscale 
and indicate approximately 7 to 12 
divisions. 

A 10-500 M c  Signal Generator 
Power Amplifier 

R 0 B E R T P 0 I R I E R, Development Engineer 

An increasing demand has developed 
for higher RF power output levels, in 
the 0 to 10 dbw maximum output range, 
over the frequency range from 10 to 500 
Mc, for the testing of communications 
systems and for general laboratory meas- 
urements. The need for higher power 
output signal sources results mainly from 
strong signal and cross modulation re- 
quirements of certain receiver tests and 
the large input signal requirements of 
bridge type devices. Because of the 
large number of existing signal gener- 
ators in the 0 dbm maximum output 
category, BRC has developed a tunable 
signal generator power amplifier for 
use with these instruments. The signal 
generator power amplifier is to be an 
accessory for use with any signal gen- 
erator having a maximum output in the 
vicinity of 0 dbm to provide a maxi- 
mum output level in the vicinity of 
4 dbw. 

The new Signal Generator Power 
Amplifier Type 230-A conceived by the 
Boonton Radio Corporation, consists es- 
sentially of three tracked tuned, cascaded 
stages of grounded-grid amplification. 
The choice of grounded-grid triode am- 
plification was established primarily by 
a desire to provide a maximum oper- 
ating frequency of 500 Mc. Two other 
advantages which are accrued for 
grounded-grid triode amplification as 
compared with grounded cathode tet- 
rodes are: a low untuned input im- 
pedance which can be made nominally 
in the vicinity of SO ohms, and a gain 

L-' 
SUPPLY 

R F  OUT 

METER 

Figure 1 .  Block Diagram of Signal Generator 

Power Amplifier Type 230-A 

and maximum power output which are 
less sensitive to variations in load im- 
pedance. A minimum of 34 db power 
gain is to be provided for a frequency 
coverage of 10-500 Mc which will be 
continuously tuned in six slightly over- 
lapping ranges. The gain will be linear 
within 9.0% up to 10 volts output in a 
50-ohm termination. This provides that 
a maximum of 91% AM of a 5-volt 
carrier level, with 10% distortion of 
the modulation envelope, will be ob- 
taked for a 100% modulated (with no 
envelope distortion) input signal for 
which the carrier level approaches 0.1 
volt or -7 dbm. The changes in per- 
centage of modulation and envelope dis- 
tortion which may be developed in the 
Signal Generator Power Amplifier at 
the maximum output levels, become 
negligible for modulation crests of 0.5 
watt (5.0 volts rms in 50 ohms) or less. 
The linearity characteristic of the Signal 
Generator Power Amplifier is such that, 
in general, if the outgoing modulation 
crests exceed 0.5 watt, the modulation 

index will always be less than the in- 
coming modulation by an amount not 
exceeding 9.0% of the incoming mo- 
dulation. Whether, and in which direc- 
tion, the envelope distortion may be 
affected at the maximum output 
levels, depends on the magnitude and 
phase of the incoming envelope distor- 
tion components, if any. The effect 
should be within +- 10% for modulation 
crests of 10 volts rms in 50 ohms, di- 
minishing to 2% or less for modulation 
crests of 5 volts rms in 50 ohms or less. 
The absolute maximum power output 
over most of the frequency range is 4 
watts or 6 dbw (14.14 volts rms in 50 
ohms), but the linearity (and gain) is 
not specified beyond 2 watts or 3 dbw. 
The overall bandwidth of the three- 
stage power amplifier is not less than 
700 kc and is considerably greater over 
much of the frequency range. 

A block diagram, Figure 1, shows that 
a self-contained power supply and an 
output RF voltmeter are included with 
the Signal Generator Power Ampli- 
fier. The RF output voltage is metered 
from 0-15 volts in four convenient 
ranges. The detector and the metering 
circuit will withstand the high voltages 
which can be developed at the RF out- 
put jack when it is unterminated, or 
terminated in a load having a very high 
VSWR. The accuracy of the RF output 
voltage indication is specified at the 
output jack to be 2 1.0 db of full scale 
over a frequency range of 10 to 250 Mc 
and 21 .5  db from 250 Mc to 500 Mc 
for a 50-ohm termination having a 
VSWR of 1.0 (0 db) in each case. 

An electronically-regulated power 
supply is incorporated in the Signid 
Generator Power Amplifier to main- 
tain a constant final amplifier plate 
voltage against the large variations in 
final plate current which occur over the 
range of 0.5 to 4 watts RF output. Other 
features include 50 ohms input and out- 
put impedance with a VSWR of 2.0: 1, 
or less, over the frequency range of 10- 
500 Mc. RF leakage is sufficiently low 
to permit measurements at 0.1 volt. 

Since the demand for higher power 
signal generators comes almost exclu- 
sively from sources already supplied 
with low-power signal generators, it is 
felt that the Signal Generator Power 
Amplifier will conveniently and readily 
fulfill this demand, offering up to 2 
watts output for AM applications, or 
or up to 4 watts output for CW and 
FM, where amplitude linearity is un- 
important. 
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index will always be less than the in
coming modulation by an amount not
exceeding 9.0% of the incoming mo
dulation. Whether, and in which direc
tion, the envelope distortion may be
affected at [he maximum Output
levels, depends on the magnitude and
phase of the incoming envelope disror
tion componems, if any. The effect
should be within ±IO% for modulation
crests of 10 voltS rms in 50 ohms, di
minishing to 2% or less for modulation
crests of 5 voltS rins in 50 ohms or less.
The absolute maximum power output
over most of the frequency range is 4
WattS or 6 dbw (14.14 volts rms in 50
ohms), but the linearity (and gain) is
not specified beyond 2 wattS or 3 dbw.
The overaJl bandwidth of the three
stage power amplifier is nOt less than
700 kc and is considerably greater over
much of the frequency range.

A block diagram, Figure 1, shows thac
a self-comained power supply and an
output RF voltmetcr are included with
the Signal Generator Power Ampli
fier. The RF output voltage is metered
from 0-15 volts in four convenient
ranges. The detector and the metering
circuit will withstand thc high voltages
which can be developed at thc RF out
put jack when it is unterminated, or
terminated in a load having a very high
VSWR. The accuracy of the RF Output
voltage indication is specified at the
OUtpUt jack ro be + 1.0 db of full scale
over a frequency range of 10 ro 250 Mc
and ± 1.5 db from 250 Me to 500 Mc
for a 50-ohm termination having a
VSWR of 1.0 (0 db) in each case.

An electronically-regulated power
supply is incorporated in the Signal
Generator Power Amplifier to main
rain a COnStam final amplifier plate
voltage against the large variations in
final plate currem which occur over the
range of 0.5 to 4 WattS RF output. Other
features include 50 ohms input and OUt
put impedance with a VSWR of 2.0: I,
or less, over the frequency range of to
500 Me. RF leakage is sufficiently low
to permit measurementS at O. I volt.

Since the demand for higher power
signal generators comes almost exclu
sively from sources already supplied
with low-power signal generators, it is
felt that the Signal Generator Power
Amplifier will conveniemly and readily
fulfill this demand, offering up to 2
WattS output for AM applications, or
or up ro 4 WattS OUtpUt for CW and
PM, where amplitude linearity is un
imponant.

POW~R

$UPPLY

NOTE: When the measurement fre
quency is changed, steps 2
through 4 above should be
repeated.

5. After the bridge is balanced as de
scribed above, set the frequency
COntrols for 0.5 megacycles and
change the Rp dial Setting from
00 to lOOK. The NULL INDiCA

TOR pointer should deflect upscale
and indicate approximately 7 to 12
divisions.

at some R" value other than 00,

lhe RI , dial should be returned co
the latter indication and a new
balance obtained with the ZERO
BALANCE controls.

Fitl.... I. IlIod: Diog.o ... 01 S;g",,1 G."••af,,,

Po""., A ...plifi•• Type 2.10_A

and maximum power OUtput which are
less sensitive to variations in load im·
pedance. A minimum of 34 db power
gain is to be provided for a frequency
coverage of 10·500 Mc which will be
cominuously tuned in six slightly over
lapping ranges. The gain will be linear
within 9.0% up to to volts Output in a
50-ohm termination. This provides that
a maximum of 91% AM of a 5-volt
carrier level, wirh 10% distortion of
the modulation envelope, will be ob
tained for a 100% modulated (with no
envelope disrorrion) input signal for
which the carrier level approaches 0.1
volt or -7 dbm. The changes in per
centage of modulation and envelope dis
tortion which may be developed in the
Signal Generator Power Amplifier at
the maximum output levels, become
negligible for modulation crests of 05
wan (5.0 volts rms in 50 ohms) or less.
The linearity charaCteristic of chI' Signal
Generator Power Amplifier is such that,
in general, if the outgoing modulation
crests exceed 0.5 wan, the modulation

NULL INDICATOR. The indica
tion should nor be more than 3
scale divisions on the meter. At
frequencies above roo Me, the
COARSE R comrol should be ad
jusred 10 its approximate mid
point position before null is
sought. Since a slight interaction
exists, at high frequencies, between
the FINE R ~lIld C conlIols, it is
imponam ro use all three comroIs
to obtain final balance. When an
apparent null has been obtained,
the circuit should be tested for true
balance by slowly rocking [he R"
dial above and below the setting,
and observing the NULL INDICA
TOR. If a deeper null is observed

A 10-500 Me Signal Generator
Power Amplifier

ROB ER T POI R I ER, Dft/lelopmem Engineer

An increasing demand has developed
for higher RF power OUtput levels, in
[he 0 to 10 dbw maximum Output range,
over the frequency range from iO co 500
Me, for the testing of communiCations
systems and for gcnerallaboracory meas
urements. The need for highcr power
outpU! signal sources results mainly from
strong signal and cross modulation rc
quirements of certain receiver tests and
the large input signal requirements of
bridge type devices. Because of the
large number of existing signal gener
arors in the 0 dbm maximum OUtpUt
category, BRC has developed a (Unable
signal generator power amplifier for
use with these instruments. The signal
generatOr power amplifier is to be an
accessory for use with any signal gen
eraror having a maximum OutpU! in the
vicinity of 0 dbm to provide a maxi
mum output level in the vicinity of
4 dbw.

The new Signal Generator Power
Amplifier Type 230-A conceived by the
Boonton Radio Corporation, consists es
sentially of three tracked tuned, cascaded
stages of grounded-grid amplification.
The choice of grounded-grid triode am·
plification was established primarily by
a desire to provide a maximum oper
ating frequency of 500 Me. Two other
advantages which ate accrued for
grounded-grid rriode amplification as
compared with grounded cathode tet
rodes are: a low untuned input im
pedance which can be made nominally
in the vicinity of 50 ohms, and a gain
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Another “guess the Q ’  contest will be 
featured for those friends of BRC who 
welcome the challenge of a perplexing 
problem. Our engineers have, true to 
form, devised a resonant circuit which 
will be on display at the BRC booth. 
Contestants will be asked to estimate the 
Q of the circuit, enter this estimate on 
a contest card, and drop the entry into 
a special, locked receptacle. After the 
show, the Q of the resonant circuit will 
be measured on the UHF Q Meter Type 
280-A, by means of the “in circuit” tech- 
nique. Several measurements will be 
made and averaged. The entry which is 
closest to this average measured Q will 
be awarded a factory-reconditioned Q 
Meter Type 160-A. In case of a tie, a 
drawing will be held to determine the 
winner. 

Plan to visit the IRE show at the 
Coliseum in New York City and stop 
at the BRC exhibit (Booths 3101 and 
3 102 ) . Our engineering personnel on 
duty will be grateful for the opportunity 
to help you with your test equipment 
problems. 

- 
EDITORS N O T E  

New look for BRC at IRE 

T h e  feJHT weeks preceding the IRE 
show in March are pandemonium at 
BRC. Engineering and Sales are steeped 
in the problems of readying new instru- 
ments for showing and assuring that 
enough advance information is dissemi- 
nated to stimulate customer interest. 
Many last-minute details are being at- 
tended to and the loose ends are being 
gathered and knotted .The last days be- 
fore the show are tumultuous, but those 
in the midst of the turmoil are aware of 
the impact of the job they are doing, and 
in this there is solace. 

This year, BRC will show its instru- 
ment line in a new display booth; de- 

E A C H  Y E A R , I N  
HIGULY COORDINATED EFFOKT IS MADE..--..- 

Tdk MONTH OF MARCH, A p 

Of particular interest at the show will 
be the UHF Q Meter Type 280-A (the 
subject of the lead article in this issue), 
the Navigation Aid Test Set Type 235-A 
(described in Notebook Number 24),  
and the new Signal Generator Power 
Amplifier Type 230-A (described in 
this issue). 

signed not only to provcde an attractive 
setting for instrument display, but to 
make it easier for BRC engineers in at- 
tendance to handle demonstrations and 
inquiries. 

ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
7900 Zuni Road SE 
Telephone: AMherst 8-2478 
TWX: AQ 70 

SALT LAKE CITY, Utah 
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2801 Far Hills Avenue 
Telephone: Axminster 9-3594 
TWX: DY 306 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC. 
5420 North College Avenue 
Telephone: CLifford 1-9255 
TWX: I P  545 

ATLANTA 5, Georgia 
BlVlNS & CALDWELL, INC. 
3110 Maple Drive, N.E. 
Telephone: CEdar 3-7522 
Telephone: CEdar 3-3698 
TWX: AT 987 

DENVER 15, Colorado 
GENE FRENCH COMPANY 
P.O. Box 15275 
Telephone: MAin 3-1458 

LOS ANGELES, California 
VAN GROOS COMPANY 
21051 Costanso Street 
Woodland Hills, California 
Telephone: Dlamond 0-3131 
TWX: CANOGA PARK 7034 

ORLANDO, Florida 
BlVlNS & CALDWELL, INC. 
723 West Smith Avenue 
Telephone: CHerry 1-1091 
TWX: OR 7026 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Los Altos Avenue 
Los Altos, California 
Telephone: WHitecliff 8-7266 

BINGHAMTON, New York 
E. A. OSSMANN & ASSOC., INC. 
149 Front Street 
Vestal, New York 
Telephone: STillwell 5-0296 
TWX: ENDICOTT NY 84 

DETROIT 35, Michigan 
S. STERLING COMPANY 
15310 W. McNichols Rd. 
Telephone: 8Roadway 3-2900 
TWX: DE 1141 

SEATTLE 9, Washington 
ARVA, INC. 
1320 Prospect Street 
Telephone: MAin 2-0177 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
50 lntervale Road 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

BOSTON, Massach usetts 
INSTRUMENT ASSOCIATES 
30 Park Avenue 
Arlington, Mass. 
Telephone: Mlsrion 8-2922 
TWX: ARL MASS 253 

CHICAGO 45, l l l inois 
CROSSLEY ASSOC., INC. 
2501 W. Peterson Ave. 
Telephone: 8Roadway 5-1600 
TWX: CG508 

CLEVELAND 24, Ohio 
5. STERLING COMPANY 
5827 Mayfield Road 
Telephone: HI LLcrest 2-8080 
TWX: CV 372 

EL PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone: KEystone 2-7281 

OTTAWA, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
48 Sparks Street 
Telephone: CEntral 2-9821 

SPOKANE 10, Washington 
ARVA, INC. 
East 127 Augusta Avenue 
Telephone: FAirfax 5-2557 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHapel 6-5686 
TWX: HF 266 

PITTSBURGH 27, Pennsylvania 
S. STERLING COMPANY 
4232 Brownsville Road 
Telephone: Tuxedo 4-5515 
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ARVA, INC. 
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TWX: DL 411 
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BlVlNS & CALDWELL, INC. 
Telephone: JEfferson 2-5733 
(Direct line to Atlanta) 

ROCHESTER 25, New York 
E. A. OSSMANN & ASSOC., 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

INC. ARVA, INC. 
355 Burrard Street 
Telephone: Mutual 2-4323 

BOONTON RADIO CORPORATION 
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EDITOR'S NOTE
New Look for aRC at IRE

The.. 15' weeks preceding the IRE
show in March are pandemonium ;I[

BRe. Engineering and Sales are steeped
in the problems of readying new instru
mems for showing and assuring that
enough advance information is dissemi
nated 10 stimulate customer interest'.
Many last-minute details are being at·
tended to and lhe loose ends are being
gathered and knotted :The last days be
fore the show are tumultuous, but those
in the midst of the [UtffiOi! are aware of
the impact of the job they are doing, and
in this there is solace.

l1lis year, BRC will show its instru
ment line in a new display booth; de
signed nm only ro provide an attractive
setting for instrument display, bur to
make ir easier for BRC engineers in at
tendam:e to handle demonscrations and
inquiries.

Of parti(ular interest at the show will
be the UHF Q Meter Type 280-A (rhe
subject of the lead article in this issue),
the Navigation Aid Test Set Type 23S-A
(described in Notebook Number 24),
and the new Signal Generator Power
Amplifier Type 230·A (described in
this issue).

Anothet ··guess the Q" contest will be
fearureJ for those friends of BRC who
welcome the challenge of a perplexing
problem. Our engineers have, !'rue to
form, devised a resonant circuit which
will be on display at the BRC booth.
Contescants will be asked to estimate the
Q of the circuit, enter this estimate on
a (ontest card, and drop the cntry intO
a spc<:ial, locked rccepmcle. After the
show, the Q of the resonant circuit will
bc measured on lhe UHF Q Mctcr Type
2BO·A, by means of the ""in circuit"' tech
nique. Several measurements will be
made and averaged. The entry wllich is
closest to this average measured Q will
bl' awarded a f:rclOry-reconditioned Q
Meter Type 16o-A. In case of a lie, a
drawing will be held 10 determine the
winner.

Plan 10 visit the IRE show at the
Coli~eum in New York City and SlOp
at the BRC exhibit (Booths 3101 and
3102). Our engineering personnel on
duty will be grateful for the opportunity
to help you with your test cquipmenr
plOblems.
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CALlBRATlON OF A UHF Q METER' 261961 
CHARLES G .  GORSS, Deve lopment  Engineer 

Introduction 

This paper describes the development 
of coaxial line impedance standards for 
the UHF Q Meter Type 280-A, a mod- 
ified two-terminal Q measuring instru- 
ment. (These standards are currently 
being readied for production by BRC 
and will be available to customers in the 
near future.) Improved methods for 
machining pure copper are described. 
The methods of deriving the reactance 
and series resistance of the coaxial are 
also described. 

The ideal way to establish calibration 
of an impedance measuring device and 
maintain that calibration in the field is 
to utilize a stable, intrinsically accurate, 
reliable, and easily used impedance 
standard. If more than one of these 
standards exist with various known 
values of impedance the calibration is 
more exact. What is more, if these 
standards can be duplicated by precise 
methods, duplicates can be placed in the 
field where they are needed. The 280-A 
UHF Q Meter is a device which needs 
such standards. 

There is no precise instrument which 
will cross check measurements made by 
this instrument with the required ac- 
curacy in the frequency range of the 
280-A (210-610 Mc). The resonating 
capacitance varies between 4 and 25 pf 
with zk5% accuracy. 

The internal resonating capacitance 
accuracy indicates the need for accurate 
inductance standards to check the actual 
effective resonating capacitance the in- 
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Checking the New DME and ATC Air- 
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Editor's Note - Q Meter Winner . . . 8 
219-A ............ .......... ... 7 

Figure 1. Don Gann, BRC Lab Technician, Checks the 280-A UHF Q Meter with an Impedance Standard 

ternal capacitor presents to the instru- 
ment terminals. What is more, the in- 
strument measures circuit Q so that if 
the internal losses of the resonating 
capacitor are to be evaluated, the Q of 
the standard inductor must be well 
known. In this way the losses in the in- 
ternal capacitor can be unwound. The 
standard must therefore be an inductor 
whose inductance and Q are both ac- 
curately known and preferably calcul- 
able from reliable physical relationships. 

Design 

The most logical calculable form for 
an inductance standard to .assume is a 
coaxial line shorter than X/4 and short 
circuited by a perfect short circuit. 
Ideally, there should be no dielectric 
other than air, the dimensions should be 

1 This article will appear in the 1961 IRE 
International Convention Record. 

precisely known, the metal completely 
homogeneous and of a precise conduct- 
ivi ty, and the surface roughness should 
be nil compared with the skin depth. 

WE ARE MOVING 

Boonton Radio Corporation will be mov- 
ing to its new plant and offices in August. 
Our new address and telephone number 
will be as follows: 

Mailing Address: Boonton Radio Corporation 
P. 0. Box 390 
Boonton, New Jersey 

Address of Plant and Offices: 
Boonton Radio Corporation 
Green Pond Road 
Rockaway Township, New Jersey 

relephone: OAkwood 7-6400 

MIX: ROCKAWAY NJ 866 

Effective date of the move will be an- 
nounced subsequently. 
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~ing readied for production by BRC
and will be available co customers in thc
ncar future.) Improved methods for
machining pure copper are described.
The methods of deriving Ihe reactance
and series resistance of the coaxial arc
also described.
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values of im~cr the calibration is
more exact. What is more, if these
standards can be duplicated by precise
methods, duplicates can be placed in Ihe
field where they arc needed. The 280-A
UHF Q Meter is a device: which needs
such standards.
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will cross check measurements made by
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mem terminals. What is more, the in
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known. In this way the losses in tbe in
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whose inductanee and Q are bot:h ac
curately known and preferably calcul
able from reliable physical relationships..

Design
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cireuitC'd by a perfect shon circuit.
Ideally, there should be no dielecrric
other than air, the dimensions should be

This anicIe will appear in the 1961 IRE
[n=narioMJ CoaftDtiOll RcconL

precisely known, the metal complerely
homogeneous and of a precise conduct
ivity. and the surface roughness should
be oil compared with the skin depth.
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THE BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
Corporation. It is mailed free of chrrrge 
to scientists, engineers and other inter- 
ested persons in the communications 
and electronics fields. The contents may 
be reprinted only with written permis- 
sion from the editor. YOUT comments 
and  s u g g e s t i o n s  are  w e l c o m e ,  and 
should be &dressed to: Editor, THE 
BRC NOTEBOOK,  Boonton Radio 
Corporation, Boonton, N .  1. 

The metal picked for this develop- 
ment was copper. Oxygen free, high con- 
ductivity copper was chosen for its purity 
and relative freedom of conductivity 
from the effects of cold working as well 
as its high conductivity; actually exceed- 
ing the conductivity of the IACS (In- 
ternational Annealed Copper Standard ) .  

The standards are to be of essentially 
3 basic parts: the outer conductor, the 
short circuit, and the inner conductor. 
The outer conductor is a straight cylinder 
into which the short circuit fits. The 
inner conductor fits into a hole in the 
short circuit. Each fit is made an in- 
terference fit. The parts are joined by 
shrinking the inner line in liquid ni- 
trogen and inserting it into the short 
circuit. These two are then shrunk and 
inserted into the outer line. The result 
is extreme pressure and virtually a 
welded contact without heat or solder 
to add resistance. To mount this struc- 
ture to the terminals of the Q Meter, 
an outer flange is provided. This flange 
is soldered into place using high tem- 
perature solder. The flange is placed- 
1/4 inch from the end of the coax in 
order to allow for attachment of the,re- 
movable mounting plate. This mounting 
plate clears the coax line by 10 thous- 
andths of an inch and is 5 thousandths 
short of the end of the coax line. A 5 
thousandths ridge is provided at the top 
for contact with the mounting surface. 
This assures contact of the coax line 
itself with the ground plane and not the 
brass plate. The contacts cover approx- 
imately 100" of arc. The gap between 
the copper line and the brass mounting 
plate tends to keep the currents in the 
copper piece. This structure and its re- 
lation to the mounting surface is shown 
in Figure 2 .  

In order to contact the hot stator, a 
precise hole is bored into the center of 
the center conductor. A solid coin silver 
set of spring fingers plugs into this 
hole. A 2-56 stud on the reverse side 
connects this with the high post. This is 
placed on the high post with a torque 

of 35 inch ounces. 
The calculability of this standard de- 

pends to a great extent now on how well 
the surface and dimensions agree with 
theoretical assumptions. The bulk dc 
conductivity of this copper checks out 
at 101% IACS. Theoretically this should 
be the conductivity used in calculating 
resistance in the surface where the cur- 
rent flows. This will be true if the sur- 
face is not rough, torn, or contaminated 
to a depth which is small compared 
with skin depth. This is assured by the 
methods used to machine the surface. 

CONDUCTOR 

CONDUCTOR 

MOUNTING 
PLATE 

cuts until the bore was within 0.0005 
inch of nominal. The diamond tool was 
then inserted in the bar precisely with- 
out disturbing the work. A single pass 
with the diamond tool brought the work 
to final size and finish. 

After machining and assembly with 
precision jigs using liquid nitrogen for 
shrink fits, the entire piece was reduced 
in a hydrogen atmosphere at 230°C. 

Credit should be given to the Bureau 
of Standards at Boulder, and in particular 
to Howard E. Bussey for the valuable 
assistance he gave us in the techniques 
of machining copper with diamond 
tools, and the further use of hydrogen 
reduction to maintain the surface con- 
ductivity. 

Of course, no other surface finish is 
used. Plating or lacquer on the cleaned 
surface could only increase the losses 
in some nonrepeatable and nonpredict- 
able manner. There is no evidence that 
electroplating can really approach the 
conductivity of the pure metal closely 
enough to use it for the conducting 
surface. 

,-, 

b 

Figure 2. Cutaway View of Impedance Standard 

Fabrication 

In general, the proper machining of 
copper of this purity must be approached 
with a great deal of thought. Ordinary 
high-speed steel tools are quickly dulled 
by the abrasive nature of the copper to 
such an extent that accurate work is im- 
possible. Silicon carbide can be used 
for preliminary shaping but it too is 
limited. All metal tools wiJ tear the 
surface to a slight degree due to the 
tendency of the copper to stick to the 
tool and tear. The final cut of 1/2 
thousandth of an inch must be cut with 
a diamond cutting tool. The finish ob- 
tainable from this type of tool with 
proper cutting rates is better than 4 
microinches. The work was all done on 
a precision Hardinge toolroom lathe. 
The short circuit and the center con- 
ductor were cut in a conventional man- 
ner using the carbide and diamond tool. 
The outer conductor cylinder was cut 
out of a solid rod, first, by gun drilling 
within 10 thousandths. The tube was 
then mounted in a holder on the car- 
riage which supported it over its full 
length. The boring tool was rotated be- 
tween lathe centers and the carriage 
passed by it. Chips were forced out by 
continuous flow of coolant. The carbide 
tool was used in many fine successive 

Evaluation 

The highest frequency these standards 
are presently used at is 610 Mc. The 
skin depth in copper here is very close 
to 200 millionths of an inch. Since the 
surface finish is in the order of 4 micro- 
inches and of a regularly repeating na- 
ture, because the surface was developed 
by turning, the surface conductivity can 
be considered that of pure copper. 

The calculation of the basic impe- 
dance of this structure is then under- 
taken from transmission line equations 
using reasonably exact relationships 
which take the copper losses into con- 
sideration. Basically, the impedance of a 
shorted transmission line can be given as: 

R G J X  -+ 
2 J  L/C 2 

( 3 )  

1 1  

a b  
( 4 )  R =  -+- Jyof/4.rra 

i s >  
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Fig"" 2. CUlaway Vi..w of Impedan<.. S'andard

Fabrication

of 3S inch ounces.
The calculability of this standard de

pends to a grear extent now on how well
the surface and dimensions agree with
theoretical asswnptions. The bulk de
conductivity of this copper checks out
at 101% lACS. Theoretically this should
be the conductivity used in calculating
resistance in the surface where the cur
rent £Jaws. This will be true if the sur
face is nor rough, tOto, or contaminated
to a depth which is small compared
with skin depth. This is assured by the
methods used to machine the surface.

(2)
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cuts until the bore was within 0.0005
inch of nominal. The diamond tool was
then inserted in the bar precisely with
our disturbing the work. A single pass
with the diamond tool brought the work
to final size and finish.

After machining and assembly with
precision jigs using liquid nitrogen for
shrink fits, the entire piece was reduced
in a hydrogen atmosphere at 230°C.

Credit should be given to the Bureau
of Standards at Boulder, and in particular
to Howard E. Bussey for the valuable
assistance he gave us in [he techniques
of machining copper with diamond
tools, and the further usc of hydrogen
redunion to maintain the surface con
ductivity.

Of course, no other surface finish is
used. Plating or lacquer on the cleaned
surface could only increase the losses
in some nonrcpearable and nonpredicr
able manner. There is no evidence that
electroplating can really approach the
conductivity of the pure metal closely
enough to use it for the conducting
surface.

Evaluation

The highest frequency these standards
arc presently used at is 610 Me. The
skin depth in copper here is very close
to 200 millionths of an inch. Since the
surface finish is in the order of 4 micro
inches and of a regularly repeating na
tute, because the surface was developed
by turning, the sutface conductivity can
be considered that of pure copper.

The calculation of the basic impe
dance of this strunute is then under
raken from tmnsmission line equations
using reasonably exact relationships
which rake the copper losses into con
sideration. Basically, the impedance of a
shofted transmission line can be given as:

MOUNTING
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In general, the proper machining of
copper of this purity must be approached
with a great deal of thought. Ordinary
high-speed steel tOOls are quickly dulled
by the abrasive nature of the copper to
such an extent that accurate wotk is im
possible. Silicon carbide can be used
for pteliminary shaping but it tOO is
limited. All metal tools will tear the
surface to a slight degree due to the
tendency of the copper to stick to the
tool and tear. The final cut of !h
thousandth of an inch must be CUt with
a diamond cutting tool. The finish ob
tainable from this type of tool with
proper cutting rates is better than 4
microinches. The work was all done on
a ptecision Hardinge toolroom lathe.
The short circuit and the center con
dunor were CUt in a conventional man
ner using the carbide and diamond ~ool.

The OUTer conductOr cylinder was CUt
out of a solid rod, first, by gun drilling
within 10 thousandths. The tube was
dlen mounted in a holder on the car
riage which supported it over its full
length. TIle boring tool was rOtated be·
tween lathe centers and the carriage
passed by it. Chips were forced OUt by
continuous flow of coolant. The carbide
tool was used in many fine successive
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The metal picked for this develop
ment was copper. Oxygen free, high con
ducrivity copper was chosen for its purity
and relative freedom of conductivity
from the effects of cold working as well
as its high conductivity; acrually exceed
ing rhe conductivity of the lACS (In
ternational Annealed Copper Standard).

The standards ace to be of essenrially
3 basic pans: the outer conductor, the
shan circuit, and the inner conducror.
The outer conductor is a straight cylinder
inro which [he short circuit fits. The
inner conducror fits into a hole in the
short circuit. Each fit is made an in
terference fit. The parts are joined by
shrinking the inner line in liquid ni·
trogen and inserting it into the shorr
circuit. These twO are then shrunk and
inserted into the oueer line. The result
is extreme pressure and vinuaJJy a
welded contact without heat or solder
to add resistance. To mount this struC
ture w the terminaJs of the Q Meter,
an outer flange is provided. This flange
is soldered into place using high tern·
perature solder. The flange is placed
Y<l inch from the end of the coax in
order to allow for attachment of the. reo
movable mounting plate. This mouming
plate clears the coax line by 10 thous
andths of an inch and is 5 thousandths
shorr of the end of the coax line. A 5
thousandths ridge is provided at the wp
for contact with the mounting surface.
This assures comaa of the coax line
itself with the ground plane and not the
btass plate. The contacts caver approx
imately WOo of arc. The gap between
the copper line and the brass mounting
plate tends to keep the currems in the
copper piece. This structure and its re
lation to the mouming surface is shown
in Figure 2.

In order to contact the hot stator, a
precise hole is bored intO [he center of
the center conduaor. A solid coin silver
set of spring fingers plugs into this
hole. A 2-56 stud on the revetse side
connects this with the high post. This is
placed on the high post with a torque
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Z , = J L / C  (If- )+J(- -' 1 ( 6 )  
\%%J -c 8w2L2 R2 2wL - 

2 m  

ln (b/a 1 
C =  

( 7 )  

E = 8.855 x farads/meter 

po = 4 7~ x 10-7 hentydmeter 

cr = 5.85 x lo7 mhodmeter 

1 = length of line 

a = radius of inner conductor 

b = inner radius of outer conductor 

These relationships give the series re- 
active and resistive components of the 
basic coaxial inductors. 

This picture would be complete if the 
device were attached to a coaxial device. 
However, the Q Meter is an unbalanced 
device and a discontinuity will exist at 
the junction of the standard line and the 
Q capacitor terminal. Figure 3 illustrates 
the standard line superimposed upon the 
high terminals. The unbalanced currents 
result in excess inductance and resistance 
in the Q standard. The presence of the 
high post in the field of the line places 
a discontinuity capacitance across the line 
end. The exact calculation of these values 
would be very laborious because of the 
strange discontinuity configuration. 

w 

J 

As a result of this limitation, a series 
of measurements were made which 
would define the reactive components, 
and, from an experimental knowledge 
of the reactive components, predict the 
effect of the current around the junc- 
tion and then calculate the most prob- 
able excess resistance. The internal in- 
ductance of the resonating capacitor was 
first measured, at all settings in use, by 
short circuiting the terminals with a 
strap which covered the full 1/2 inch 
width of the terminals which are only 
0.018 inch apart. When shorted, the re- 
sonant frequency of the structure was 
measured using lightly coupling probes 
which are a part of the Q Meter. The 
frequency was accurately measured with 
an electronic counter. The low frequency 
capacitance was then determined by 
comparing the same settings with a GR 
722D precision capacitor and a precision 
bridge. From the capacitance and reson- 
ating frequency series L was computed 

Figure 3. Standard Line Superimposed Upon the 
High Q Capacitor Terminals of the 2804 

1 
L =  

4 7T2 fo2 c 
The effective Xc present at the terminals 
at a given test frequency would then be 
Xc - XL. This then gave a reliable RF 
figure for X of the internal capacitor. 

A series of measurements was then 
made of the resonating capacitance of 
various length lines at various frequen- 
cies within the range 210-610 Mc. Since 
the inductance of the coaxial standard 
could be computed from dimensions, 
and the X, of the capacitor could be 
computed from series resonant frequency 
and low frequency capacitance, the dis- 
crepancy between XL and X, could be 
attributed to the presence of the dis- 
continuity L and c. By graphical plotting 
it was possible to determine values of Ld 
and Cd which resulted in better than 
2% agreement between the computed 
XL and the computed X, at all fre- 
quencies in the 210-610 Mc range. The 
discrepancy remaining could most likely 
be reduced by using a more complicated 
model but this is quite satisfactory for 
reactance calibration of a 5 %  instru- 
ment. As a result of this experiment, 
Ld was set at 0.60 nanohenry and cd at 
0.2 picofarad. 

The next step is to use this knowledge 
in a calculation of the most probable dis- 
continuity resistance. It is assumed that 
the current at the end of the coax line 
is at its maximum where the perimeter 
of the line actually contacts the ground 
stator. However, current does not stop 
at the end of this area but most likely 
tapers off gradually toward the non- 
contacting side because current flows 
on the end of the coax line. The as- 
symmetrical current flow results in 
higher order TE modes. If the amplitude 
of these higher modes were known at 
the boundary, the value at any other 
point up the line is approximated by 
n nepers attenuation per average radius 
since the line is well beyond cutoff for 
these modes; where n is the order of the 
modes being considered. An integration 

of the excess mean squared current vs. 
axial travel up the line permits deter- 
mination of total excess loss due to the 
presence of higher order TE mode 
waves. This excess loss can be expressed 
as an equivalent resistance in series with 
the TEM mode model of the reactance 
standard. 

Assume that axial current at the dis- 
continuity has a known distribution 
around the periphery represented by 
Fourier Series of 

1 

2n-b 
- + PI cosi#l + Pz cos 2 4  + 

3 P3 cos 34 + . . . . P,, cos n+ + . . 
Assume further the coax line has 50 
ohms characteristic impedance, and the 
frequency is very much less than the 
cutoff frequency of the higher modes. 
Then : 

Ld = 2.22 X 1w9 Z KLP, 
where b = 0.01 11 meters 

Rd=rszKr  (PI,)* 
Using the above relationships a number 
of plausible distributions were tested for 
which the Fourier coefficient are known. 
From this a relationship was developed 
which fits most distributions within a 
t 5 %  error. This is quite satisfactory, 
since the total correction is only a small 
part of the total resistance. The approx- 
imate relationship between Ld and & is 
as follows: 

rs = surface resistivity ohms/sq. 

PLANE OF TERMINALS 

Figure 4. Equivalent Circuit with Impedance 
Standard Connected to  2804 Q Capacitor 
Terminals 

Until such time as the actual current 
distribution can be established this re- 
lationship will do quite well. As a typical 
situation, where the discontinuity resist- 
ance is 1/10 the resistance of the TEM 
lioe, the error in Q will only be 1% 
if a 10% error in Rd exists. This is 
certainly in line with the present state 
of development of these standards. 

Credit must be given here to Bernard 
D. Loughlin, Electronic Research Con- 
sultant, Huntington, Long Island, for 
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E R' -Rjz..=ILlC (I +--)+ J (--) (6,
8w'I.' lwL

In(b/a)

E = 8.855 x 1O~12 farads/meeer

IJ'<> = 4 7T X 10-7 henrys/merer

CT:::::; 5.85 X 107 mhos/meter

l = length of line

a = radius of inner conductor

b = inner radius of outer conductor

of the excess mean squared current vs.
axial travel up the line permits deter
mination of tOtal excess loss due to the
presence of higher order TE mode
waves. This excess loss can be expressed
as an equivalent resistance in series with
the TEM mode model of the reactance
standard.

Assume that axial current at the dis
continuity has a known distribution
around the periphery represented by
Fourier Series of

1.l = 2.22 x 10-9 I KLP"
where b = 0.0111 meters

Rd=r.IKr(P"F
Using the above relaeionships a number
of plausible distributions were tested for
which the Fourier coefficient are known.
From this a relationship was developed
which fits most distributions within a
±5% error. This is quite satisfacrory,
since the total correaion is only a small
pan: of the tOeal resistance. The approx·
imate relationship beeween 4t and R" is
as follows:

R.
-=0.126x 109 [L"J I ~

'.
r. = surface resistivity ohms/sq.

I
- II + PI cosl' + P2 cos 21' +
'"b

P3 cos 31' + .... P"cosnl'+ ...J
Assume further [he coax line has 50
ohms characlerisric impedance, and the
frequency is very much less than the
cutoff frequency of the highee modes.
Then:

Until such time as rhe actual current
distribution can be established chis re
lationship will do quite well. As a typical
situation, where the discontinuity resist
ance is 1/10 the resistance of rhe TEM
lirOJe, the error in Q will only be 1%
if a 10% error in R" exists. This is
certainly in line with the present state
of development of these standards.

Credit must be given here to Bernard
D. loughlin, Electronic Research Con
sultant, Hunringron, long Island, for

fill"'" 4. Equivalent Cir<"it with Impedanc.
Standa"" Canneded 'a 280·A Q Capocilar
Terminal.

Figu,. 3. Sland,,,,' Line Superimpa.'" Upon t~e

Hig~ Q Cap""ita, Terminal. of ,h. 280·A

L=---
1

4w2 fo"2C
The effective Xe present at the terminals
at a given test frequency would then be
Xc - XL. This then gave a reliable RF
figltte for X of the internal capacitOr.

A series of measurementS was then
made of the resonating capacitance of
various length lines at various frequen
cies within the range 210-610 Me. Since
the inductance of the coaxial standard
could be computed from dimensions,
and the X~ of the capacitor could be
compute<! from series resonant frequency
and low frequency capacitance, the dis
crepancy between XL and X~ could be
attributed to the presence of the dis
continuity land C. By graphical plotting
it was possible to determine values of I...i
and c., which resulted in better than
2% agreement beeween the computed
XL and the computed X~ at all fre
quencies in the 210·610 Mc range. The
discrepancy remaining could mose likely
be reduced by using a more complicated
model but rhis is quite satisfactory for
reactance calibration of a 5% instru
ment. As a result of this experiment,
I...t was set at 0.60 nanohenry and C. at
0.2 picofarad.

The next step is to use (his knowledge
in a calculation of the mOSt probable dis
continuity resistance. It is assumed thar
the current at the end of the coax line
is at irs maximum where the perimeter
of the Hne aCtually comacts the ground
stator. However, current does not stop
at the end of this area bue mose likely
rapers off gradually tOward the non
contacting side be<ausc current flows
on the end of the coax line. TIll.. as
symmetrical current flow results in
higher order TE modes. If the amplitude
of these higher modes were known at
the boundary, the value at any other
point up the line is approximated by
n nepers attenuation per average radius
since rhe line is well beyond cutoff for
(hese modes; where n is the order of the
modes being considered. An integration

(7)

(8)

As a result of this limieation, a series
of measurements wete made which
would define the reactive components,
and, from an experimental knowledge
of the reacdve components, predict the
dfecr of the current around the junc
tion and then calculate the most prob
able excess resistance. The internal in
ductance of the resonating capacitor was
first measured. at all settings in use, by
shon circuiting the terminals with a
strap which covered ehe full y.! inch
width of the terminals which are only
0.018 inch apart. When shoned, the re
sonant frequency of the sefUcrute was
measured using lightly coupling probes
which are a parr of the Q Meter. The
frequency was accurately measured wieh
an electronic counter. The low frequency
capacitance was then determined by
comparing the same seuings with a GR
722D precision capacitor and a precision
bridge. From the capacitance and reson
ating frequency series 1 was computed

These relationships give ehe series re
active and resistive componentS of the
basic coaxial inductors.

This picture would be complete if the
device were attached co a coaxial device.
However, the Q Meeer is an unbalanced
device and a cliscorninuity will exist at
the junction of the standard line and the
Q capacitor terminal. Figure 3 illustrates
the standard line superimposed upon ehe
high terminals. The unbalanced currents
result in excess inductance and resistance
in the Q standard. The presence of the
high post in the field of the line places
a discontinuity capacitance across the line
end. The exact calculation of rhese values
would be very laborious bealuse of ehe
strange discontinuity configuration.

c=--

"" bL=--Io,,, .
,,,'
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developing this method of evaluating 
the discontinuity parameters and for his 
many invaluable contributions to the 
concept of the standards.. 

Measuring Technique 

The method in which these devices 
are used will also contribute to their 
precision as standards. As previously 
mentioned the contact button screws 
into the center hole of the high capacitor 
stator. When this is inserted it must be 
clean. It must be also be seated with a 
precise torque value of 35 inch ounces. 
This torque value will not break the 
2-56 stud and yet makes adequate con- 
tact so as to assure no Q deterimiation. 
The value was derived experimentally 
as that value which is 25% above the 
torque value where no readable change 
occurs with additional torque. 

The four screws which hold down the 
mounting flange are also tightened to 
this torque. Care is taken to tighten each 
of the four screws a little at a time and 
in succession. This is to assure that the 
standard line is seated properly on the 
Q capacitor. 

The temperature of the copper is also 
monitored with a thermocouple during 
the measurement to allow corrections 
for conductivity and dimension changes 
which occur with changes in temperature. 

The Q is measured by determining 
the frequency interval between the 3 db 
points on the resonance curve. The 
280-A Q Meter is equipped to measure 
this internally and, as well, provides an 
external monitor jack to be used with a 
precision counter. Q is equal to the 
frequency at the peak of the curve 
divided by the bandwidth. 

Application 

The significant applications of these 
standards are as calculable Q standards 
on the UHF Q Meter and as a means for 
evaluating the internal losses in the self- 
contained resonating capacitor of the 
280-A. A knowledge of the effective in- 
ductance of the coaxial standard, as pre- 
viously described, will define what cap- 
acitance should resonate with the stand- 
ard at a given frequency and thereby 
give a precise standard for checking 
capacitor calibration. However, comput- 
ing the series resistance of the internal 
capacitor in the 280-A from a know- 
ledge of measured circuit Q is a more 
involved procedure. Q is fundamentally 
defined as: 

Energy stored in ckt. 
-" -- 

Average power lost 

One may sum the power stored in the 
inductive reactance of the line and the 
two lumped reactances Ld + L,. If Q 
is divided into the product of oo and 
this total stored energy, the average 
power lost will be derived. If the power 
loss in the line is summed and added 
to the power loss in the discontinuity, 
the remaining power loss would be at- 
tributable to the series resistance of the 
capacitor. The derivation of this resistor 
is as follows: 

Energy stored 

Avg. power loss 
Q zr wo 

Lumped Inductance Lt = LC + Ld 

Lumped Resistance Rt = Rc + Rd 

VI = Voltage of transmitted wave 

2v1 
I=- cos /3l 

20 
Energy stored in line Inductance 

cos2/31 dl 

" 
Energy stored in Lumped Inductance 

1 4v2 
UL=-LtX---cos2pl 

2 Z02 
2v12 

- - - Lt cos 2p1 
Z02 

Average Energy Lost in Line 

- -dl 
2 

Average Energy Lost in 
Lumped Resistance 

12R 4VI2 RT 
W R L  =- - - - cos2 p1- 

2 2 2 0 2  

2v2 

202 
Rt cos2 PI! - - - 

Then Summing Stored Energy and Aver- 
age Power Loss and cancelling term: 

2v21 

Z20 
- 

- + - sin 2/31 + Rt cos2/31 

2L/31+ L sin 2/31 + 4/3l+ cos*pl 

2RPl + R sin 2/3l+ 4PR + cos2/31 c 1 Q = w o  

2R/31+ R sin 2/31 + 4/3RT cos2/31 : 

[2L/31+ L sin 2/3l+ 4 /3Lt cos/3l] 
-a. 

Q 

o, [2LpI+ L sin2/3l+ 4/31 + cos*pl] 
Rt 

4/3Q cos2/31 

2R/3l+ R sin2/3l 

- [ 4/3cos2/31 1 
Re = Rt - Rd 

The resistance derived by this method 
can be considered in series with the in- 
ternal Q capacitor. For precise measure- 
ments of external high Q components, 
this resistance and the series inductance 
of the capacitor must be considered in 
series with the externally connected cir- 
cuit. With this knowledge, the Q of a 
capacitor can be measured whose losses 
may be even less than the internal Q 
capacitor. Without the internal C loss, 
such a capacitor might even seem to be 
one with negative losses; and the result 
would be meaningless. 

The present standards under develop- 
ment include 7 different lengths which 
are designed to be used as a check at 
high, medium, and low frequencies in 
the 210-610 Mc range; with 3 capaci- 
tance values at each of the three fre- 
quencies. These are able to describe a 
relatively accurate picture of the internal 
resonating capacitor. 

Future Work 

As a future check on the relationship 
between the conductivity of the copper 

4 

IOONTON RADIO CORPORATION

devdoping mis mnhod of ~valuating

the discootinuity paraffifters and for his
many invaluabl.~ coouibucions to the
cooc~pt of the saodards.

Measuring Technique

The method in which m~ devices
atl: wed will also conuibutl: to their
precision as standards. As previously
mentiooed the comaa hunan screws
intO the center hole of the high capacitor
StlltOf. When mis is insened it must be
clean. It must be also be seated with a
precise torque value of 35 inch ounces.
This torque value will not break the
2-56 srud and yet makes adequate con·
tact so as to assure no Q deteriDriarion.
The value was derived experimentally
as that value which is 25% above the
tOrque value where no readable change
occurs with additional tOrque.

The four screws which hold down titt'
mounting flang.: are also tightened to
this tOrque. Care is wen to tighten each
of the four screws a linle at a time and
in .succession. This is to a.ssur~ thou the
standard line is seated properly on the
Q capacilor.

The lemperarur.: of the copper is also
monilored with a dlermocouple during
the fn("aS{Iremefi[ to allow corrections
for conductivity and dimension changes
which occur wim changes in ternpe:rarure.

The Q is measured by determining
the frequency interval berwttn the 3 db
points on the resooance CU!V':. The
280-A Q Meter is equipped to measure
this internally and. as well, provides an
external monitor jack to be used with a
precision counter. Q is equal to the
frequency at the peak of the curve
divided by the bandwidth.

Application

The significant applications of these
Sl2ndards are as calculable Q standards
on Ihe UHF Q Meter and as a means for
evaluating the internal losses in the self·
contai~ r("$()tUting capacitor of the
280-A. A knowledge of the effective in·
ductanc~ of lhe coaxial sandard, as pre·
viously docribcd, will deliA(" what cap
acit2nct: should resonate with the Sta.nd
ard It a given frequency and thereby
giv.: a precis.: standard for checking
capacitor calibration. However, romput
ing the series resis~e of the internal
Clf'lcitor in me 28Q..A hom a know
I~ of measured circuit Q is a more
involved procedure. Q is hmdamentally
defined as:

Energy Stored in ckL....__.c;. _

Aven.ge POW("f 1051:

One may sum (he power StOf"cd in w
inductive reaaance of tM line and the
£WI) lumped rcacra.nces t... + I...e. If Q
is divided intO the product of w.. and
(his tota.l Stored energy, the avenge
power lost: will be derived. If the power
loss in the li~ is summed and added
(0 the: pow.:r loss in the discontiouity,
the remaining power loss would be at
uibutable to Ihe series resistance of lhe
capacitOr. The derivadon of this resistor
is as follows:

Energy stored
Q=w~

Avg. power loss

lumped Inductance Lt = 4' + L..

Lumped Resistance RI = Rf : + RII

V I = Volt2gc of uansmitted wave

'V,
I = --""1'/

Z.
Energy stored in line looucranc.:

L ~' 4VI
1

u. = - -- oo,;2fJl dJ
2 .. Z.1

'V,' G 1 j I
=---L -+-sin2fJi

Zo2 2 4P
Energy stared in Lumped Inductanct:·

I 4V2
UL=-L, X --cos1fJl

, z.'
2V\1

= -- L, cos 2f31
z.'

Average Energy Lost in Line

w.= f tV~'"~': -ill

2V.
1 I'= __ R cos2pi dJ

z.' •
= 2V

2
R Gl + sin 2,BIJI

Z.2 2 4{3 J
•

Average Energy Lost in
Lumped Resistance

12K 4VI
Z RT

W RL =-- = -- cos2PI-
2 '2.02 2

4

,V'
= -- R, cos2 fJt

z.'
Then Summing Stored Energy and Aver
age Power Loss and c:aocclling term:

2V1
1

Z'.
U L
-+--sin2f3i+ Ltcos1f3J
, 41'

RI R
- +-- sin 2fJl + Rt c05,1[JI
, 41'

[

2Lf3J + Lsin2f3t + 4111 + oos2j3Jl
Q=w.. 2R,8I+Rs;n2j3J+4PR+cm2~

2RfJi + R sin 2fJi + 4,8RTcos1fJ/ =
[2tpl + L sin 2ftl + "134 COlSIJI]

w.
Q

R, = C"'=-,-12=l!/I",-+:...,:L=""=fJ'=+:c..::'fJ',=-,+=~=-'fJ'I':.
4fJQ cos2pi

_12&13/ + R sinlf3Jl
[ 4fJ cos1fJJ J

Re=R,-R..
The resistance derived by this method
can be considered in series wim Ihe in·
ternal Q capacitor. For precis.: measure·
ments of external high Q componentS,
this resisrance and Ihe series inductance
of the capacitor must be considered in
series with the externally connected cir
cuit. With this knowledge, the Q of a
capacilor can be measured whose losses
may be even less than the internal Q
capacitor. Without the internal Closs,
such a capacitor might even seem to be
one with negative losses; and the r("Sult
would be meaningless.

The present sandards under develop
ment include 7 different [.:nglhs which
are designed to be used as a check at

high, medium, and low frequencies in
£he 210-610 Mc rang.:; with 3 capaci
tanCe values at each of IlK thrtt fre
quencies.. Thes.: lire able to describe II

relativdy accurar~ picture of the internal
rcsonaring capacitor.

Futu,.e Work

As a future check on me relationship
betwttn the conductivity of the cop~r
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and its performance in the skin of the 
line, a long line, shorted at both ends, 
will be constructed from the same copper 
and machined by the same methods. By 
means of tiny probes through the wall of 
the tube, the resonant frequency as a half 
wave resonator and the bandwidth can 
be determined. This will give the Q and 
hence the surface resistivity working 
backward from the relationship 

Q = p/2 (Y. 

This experiment will give an indepen- 
dent check on the conductivity of the 
copper in the surface, free from the 
effects of any discontinuities. This is of 
interest as a final check on the use of 
these as standards. All previous work 
has assumed that conductivity at RF is 
equal to the dc value. This i s  accurate, 
most likely, to within two percent ( 2 $% ) 
but it will be of great value to verify 
this experimentally and will perhaps 
improve the absolute accuracy by some 
measurable degree. 

Conclusion 

In summary, the devices described 
above are stable repeatable standards of 
impedance specifically for use on the 
280-A UHF Q Meter. "hey are useful 
for laboratory and field calibration of 
this instrument within 2% of reactance 
and very dose to that in Q. Further in- 
vestigation of these pieces should place 
the Q value within 5%. However, the 
knowledge of such a small. resistance in 
series with such a high reactance will 
always have uncertainties. The tech- 
niques used here are applicable to 
standards for any similar impedance 
measuring system, and in a sense are 
more applicable to coaxial systems be- 
cause of the simpler discontinuity pic- 
ture. Like any standardizing program, 
this is a continuing one. The needs for 
better standards are constant. The ad- 
vances in techniques of copper machin- 
ing and fabrication described here are 
not an end in themselves, nor are the 
methods of analysis, which should be 
improved by future study. 
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Checking The New DME And ATC 
Airborne Equipment With 

The Navigation Aid Test Set 
WILLARD J. CERNEY, Sales Engineer 

The BRC Navigation Aid Test Set 
Type 235-A provides all of the RF cir- 
cuitry required for bench testing the 
new ATC (Air Traffic Control) trans- 
ponders and DME (Distance Measuring 
Equipment) portions of the VORTAC 
navigation system. The test set (Figure 
1 )  contains three basic interconnected 
units: a crystal-controlled RF signal 
generator, a peak pulse power compara- 
tor, and a wavemeter. The wavemeter is 
used for measuring the frequency of the 
ATC Transponder transmitter, and the 
signal generator and power meter are 
used for making both ATC and DME 
measurements. 

An engineering description of the 
235-A is given in Notebook Number 
24. This article will describe some 
measurements that can be made with 
the test set when it is used with the 
Collins Radio Company's 578X-1 Trans- 
ponder Bench Test Set or the 578D-1 
DME Bench Test Set, and a suitable 
xilloscope. Before these measurements 
are described, a brief history of the nav- 
igation aid systems will be given. e 

ment. These systems were used for nav- 
igating aircraft during cross-country 
flights, for orienting aircraft at or near 
the airport, and for instrument landings. 
Later a system was developed which pro- 
vided a new and improved technique 
for instrument landings. This system 
was called ILS (Instrument Landing 
System). VOR, a system for measuring 
bearing to a radio station, was intro- 
duced a short time later. The new ILS 
and VOR systems operate in the VHF 
region. BRC's types 211-A and 232-A 
signal generators were designed specifi- 
cally for use in checking the ILS and 
VOR systems. 

About that same time, FAA put into 
service Airport Surveillance Radar 
( ASR) equipment to navigate aircraft 
in case of loss of radio contact with 
ground stations, and Precision Approach 
Radar (PAR) equipment to aid in the 
landing of aircraft without ILS or-with 
ILS which was not working properly. 

These navigation aid systems have 
played an important part in commercial, 
military, and private air travel, and 
should be given a good deal of credit 
for air travel being as safe as it is today. 
However, with more and faster aircraft 
being put into service everyday, the 
need for new and faster techniques for 
navigating and identifying aircraft be- 
came apparent. Recognizing this need, 
FAA, in conjunction with the military, 
installed a new system designed to give 
not onlv bearing but range to the radio 
station..This system, callevd TACAN, has 
been installed by the Government at the 

NAVIGATION AID SYSTEMS 

The first radio navigation aids for same locations as the VOR equipment. 
aircraft were the low-frequency radio The two systems may also be combined 
direction finder and radio range equip- to form a hybrid system known as 

31.1- 75.6 MC THERMISTOR 

448.9 /533.9 MC 

MODULATION 

F 

SUPPLY 

OUTPUT DEMOD. 

Figure I .  Block Diugrum of Type 235-A 
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Checking The New DME And ATC
Airborne Equipment With

The Navigation Aid Test Set
WILLARD J. CERNEY, Sales Engineer
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ment. These systems were used for nav
igating aircraft during cross-country
flightS, for orienting aircrafr at or ncar
the airport, and for instrument landings.
Later a system was developed which pro
vided a new and improved technique
for insrrument landings. This system
was called lLS (Instrument Landing
System). VOR, a systcrn for measuring
bearing to a radio station, was intro
duced a short time later. The new n.s
and VOR systems operate in the VHF
region. BRC's types 211-A and 232-A
signal generators were designed specifi
cally for use in checking the ILS and
VOR systems.

Abou[ that same time, FAA put into
servIce Airport Surveillance Radar
(ASR) equipment to navigate aircraft
in case of loss of radio comact with
ground stations, and Precision Approach
Radar (PAR) equipment to aid in the
landing of aircraft withom U.s or"with
ILS which was not working properly.

These navigation aid systems have
played an important pan in commercial,
military, and private air travel, and
should be given a good deal of credit
for air travel being as safe as it is today.
However, with more and faster aircraft
being put into service everyday, the
need for new and faster te<:hniques for
navigating and identifying aircraft be
came apparent. Re<:ogni~ing this need,
FAA, in conjunction with the military,
installed a new system designed to give
nOt only bearing but range to the radio
station. This system, called TACAN, has
been installed by the Government at the
same locations as the VOR equipment.
The rwo systems may also be combined
to form a hybrid system known as

TI/(RMISToR
BRIDGEr-,--'."

CondU5ion

MOOUUoTION • __--',
INPUT

NAVIGATION AID SYSTEMS

In summary, the devices described
above arc stable repeatable standards of
impedance specifically for use on the
280-A UHF Q Meter. They are useful
for laboratory and field calibration of
this instrument within 2% of reactance
and very close to that in Q. Further in
vestigation of these pieces should place
the Q value within 5%. However, the
knowledge of such a small.resistance in
series with such a high reaCtance will
always have uncertainties. The tech·
niqucs used here are applicable to
standards for any similar impedance
measuring system, and in a sense are
more applicable to coaxial systems be
cause of the simpler discontinuity pic
rure. Like any standardizing program,
this is a continuing Ollc. The needs for
bener standards arc constant. The ad
vanccs in techniques of copper machin
ing and fabrication described here are
nOt an end in themselves, nor are the
methods of analysis, which should lx
improved by future srudy.

The first radio navigation aids for
aircraft were the low-frequency radio
direction finder and radio range equip-

Q=f312a.

This experiment will give an indepen
dent check on the conduCtivity of the
copper in the surface, free from the
effects of any discontinuities. This is of
intercst as a final check on the use of
these as standards. All previous work
has assumed that conductivity at RF is
equal to the dc value. This is accurate,
most likely, to within twO percent (2%)
but it will be of great value to verify
this experimentally and will perhaps
improve the absolute accuracy by some
measurable degree.

and iu performance in the skin of the
line, a long line, shorted at both ends,
will be construaed from the same copper
and machined by the same methods. By
means of tiny probes through the waU of
the rube, the resonant frCtjuency as a haH
wave resonatOr and the bandwidth can
be determined. This will give the Q and
hence the surface resistivity working
backward from the relationship

The BRC Navigation Aid Test Set
Type 235-A provides all of the RF cir
cuitry required for bench tcsting the
new ATC (Air Traffic Control) trans·
ponders and DME (Disrnnce Measuring
Equipment) portions of the VORTAC
navigation system. The test set (Figure
I) contains three basic inrercooncacd
uniu: a crystal-controlJcd RF signal
generator, a peak pulse power compara·
ror, and a wavemeter. The wavemeter is
used for measuring the frequency of the
ATe Transponder transmitter, and the
signal generator and power meter are
used for making both ATC and DME
measurements.

An engineering description of the
235-A is given in Notebook Number
24. This article will describe some
measurements that can be made with
the test set when it is used with the
Collins Radio Company's 578X·I Trans
ponder Bench Test Set or [he 578D-I
DME Bench Test $ct, and a suitable
:>scilloscope. Before these measurements
arc described, a brief history of the nav·
igation aid systems will be given.
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VORTAC; with the VOR transmitter 
being used to determine bearing and 
the TACAN system being used to de- 
termine the distance from the aircraft 
to the ground station. 

The ATC transponder is an automatic 
receiver-transmitter installed in the air- 
craft. (This system is similar to the IFF 
system used during World War 11.) 
When the Air Traffic Controller on 
the ground wishes to identify an air- 
borne plane, he merely presses a button 
on his radar console. This operates a 
radio circuit which automatically trans- 
mits a series of coded interrogation 
pulses to the receiver in the aircraft. 
A series of coded reply pulses is then 
automatically sent to the ground sta- 
tion from the plane's transmitter, and 
appears on the Air Traffic Controller's 
radar scope. The system is positive and 
fast enough to fill the requifements of 
the fast-flying aircraft in use today. 

11"B011*1 
1 T C  I Q U I P M E Y I  - 

DME MEASUREMENTS 
A typical DME radio set consists of 

an interrogation generator or synchro- 
nizer, an encoder, a modulator trans- 
mitter-receiver, a decoder, distance meas- 
uring circuits, and the indicator and 
controls in the cockpit. DME measure- 
ments which can be made with the Nav- 
igation Aid Test Set Type 235-A may 
be broken down in three groups; trans- 
mitter characteristics, receiver character- 
istics, and distance measuring circuit 
measurements. The basic setup for per- 
forming DME measurements is shown 
in Figure 2. 

Transmitter Power 

The 235-A measures, on a compar- 
ison basis, the peak power of the pulse 
train transmitted from the DME equip- 
ment. First, the peak of the DME trans- 
mitter is measured in a pulse voltmeter 
circuit and read out on a panel meter. 
The pulse voltmeter and detector are 
then switched to read the calibrated out- 
put of the signal generator through an 
adjustable precision attenuator which is 
adjusted to provide the same level meas- 
ured for the DME transmitter. The 
power level is read directly on an at- 
tenuator dial. 

Transmitter Puke 
Characteristics 

Certain pulse shapes and positions are 
required to insure proper operation of 
the DME transmitter. The following 
typical DME pulse requirements can be 
checked with the 235-A, the DME mod- 

CONTROLS 8 POWER 
I I 

235-A NAY AIDS TEST SET piil 

SCOPE 

Figure 2. Basic sefup for DME Measurements 

ulator, and an oscilloscope of suitable 
dynamic range. 

Pulse Typical 
Characteristic Requirement (Nominal) 

Rise Time 2.5 psec 
Fall Time 2.5 psec 
Duration 3.5 psec 
Pulse Top 

Repetition 
Rate position) 

position) 

5 % of maximum amplitude 

150 pulse pairs (in search 

30 pulse pairs (in track 

Receiver Sensitivity 

A typical DhaE receiver sensitivity 
requirement is that the receiver be capa- 
ble of locking on a fixed distance 9 out 
of 10 times. This requirement can be 
checked with the 235-A, used in con- 
junction with the DME modulator. 

Distance Measuring and 
Memory Circuits 

The functions of the distance meas- 
uring circuits are to search for a re- 
turned pulse, lock on, maintain lock on 
in case of momentary loss of signal, and 
to read out distance. The 235-A, in con- 
junction with the DME modulator, will 
check that the search time, memory and 
prememory time, and distance accuracy 
are within the tolerances specified by 
the DME equipment manufacturer. 

ATC MEASUREMENTS 

A typical ATC transponder consists 
of a receiver, decoder, encoder, modula- 
tor, transmitter, and the necessary cock- 
pit controls. ATC measurements may be 
broken down in three groups: receiver 
characteristics, decoder and encoder char- 
acteristics, and transmitter characteris- 
tics. The basic setup for making ATC 
measurements is shown in Figure 3. 

Receiver Sensitivity 

A typical requirement for ATC re- 
ceiver sensitivity, is that the ATC trans- 
ponder should give at least 90% replies 
with a signal level of -74 dbm, and 
that the sensitivity should be reduced a 
nominal 12 db for low-sensitivity oper- 
ation. This requirement can be checked 
with the 2 3 5 -A. 

Receiver Bandwidth 

To measure receiver bandwidth, an 
oscilloscope is connected to the monitor 
output connector on the 235-A test set. 
With the signal generator output set at 
the level where the ATC transponder is 
just triggered at center frequency, the 
attenuator reading is noted. The signal 
generator output frequency is then 
changed the desired amount, and the 
signal generator output is increased until 
the transponder just triggers again. The 
difference in attenuator indication is the 
attenuation for the frequency incre- 
ment used. 

Receiver Dead Time 

To check receiver dead time, the sec- 
ond interrogation delay control on the 
ATC modulator is adjusted so that a full 
display of second interrogation pulses 
is observed on the oscilloscope and the 
receiver response time is measured. A 
typical requirement is that the receiver 
be capable of responding in not less 
than 25 p e c  nor more than 145 psec 
after the first pulse of the first re- 
PlY group. 

rc 

I. 

Decoder Tolerance 

The function of the ATC decoder is 
to reject all improper signals, such as 
random pulses, sidelobe pulses, reply 
pulses from other equipment, etc., that 
may resemble an interrogating pulse. 
The decoder pulse spacing is checked by 
varying the interrogation pulse spacing 
control on the ATC modulator in a plus 
and minus direction and observing that 

~ 
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ulator, and an oscilloscope of suitable
dynamic range.

Receiver Sensitivity

A typical requirement for ATC re
ceiver sensitivity, is that the ATC rrans
ponder should give at least 90% replies
with a signal level of -74 dbm, and
that the sensitivity should be reduced a
nominal 12 db for low-sensitivity oper·
ation. This requirement can be checked
with the 235-A.

Receiver Bandwidth

Deeoder Talerance

The function of the ATC decoder is
to reject all improper signals, such as
random pulses, sideIobe pulses, reply
pulses from ocher equipment, etc., that
may resemble an intcrrogating pulsc.
The decoder pulsc spacing is checked by
varying the interrogation pulse spacing
control on the ATC modulator in a plus
and minus direction and observing that

To measure receiver bandwidth, an
oscilloscope is connected. to the monitor
output connecTOt on the 235-A tCSt set.
With the signal generatOr output set at
rhe level where [he ATC transponder is
JUSt triggered at center frequency, the
attenuator reading is nOted. The signal
generator Output frequency is thcn
changed the desired amount, and the
signal generator Output is increased until
the transponder just triggers again. The
difference in attenuator indication is the
attenuation for the frequency incre
ment used.

Receiver Dead Time

To check receiver dead time, the sec
ond interrogation delay control on the
ATC modulator is adjusted. so that a full
display of second interrogation pulses
is observed on the oscilloscope and the
receiver response time is measured. A
typical requirement is that the receiver
be capable of responding in nOl less
than 25 p.sec nor more than 1.45 }J-Sec
after the first pulse of the first re
ply group.

figure 3. 8"••••~'up f", ATC M~",u'~m~"'.
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Typical
Requirement (Nominal)

2.5 J.L5eC
2.5 J.L5eC
3.5 JLsec

5% of maximum amplitude

150 pulse pairs (in search
position)

30 pulse pairs (in track
position)

OJ'·' .....~ 'u, ..,

.....,-"..

Repetition
Rate

Rise Time
Fall Time
Duration
Pulse Top

A typical ATe transponder consists
of a receiver, decoder, encoder, modula
tor, transmitter, and the necessary cock
pit controls. ATC measurements may be
broken down in three groups: receiver
characteristics, decoder and encoder char·
acteristics, and transmitter characteris·
tics. TIle basic setup for making ATC
measurementS is shown in Figure 3.

Pul"
Characteristic

Receiver Sensitivity

A typical DME receiver sensitivity
requirement is that the receiver be capa
ble of locking on a fixed. disrance 9 out
of 10 times. This requirement can be
checked with the 235·A, used in con
junCtion with the DME modulator.

Distance Measuring and
Memory Circuits

The functions of the disrance meas·
uring circuits are to search for are·
turned pulse, lock on, maintain lock on
in case of momentary loss of signal, and
to read OUt distance. The 235-A, in con
junction with the DME modulaTOr, will
check that the search time, memory and
ptcmemory time, and distance accuracy
are within the tolerances specified by
the DME equipment manufaCturer.

VORTAC; with the VOR transmitrer
being used to determine bearing and
the T ACAN syStem being used to de
termine the distance from the aircraft
to the ground Station.

The ATC uansponder is an automatic
receiver-transmitter installed in the air·
craft. (This system is similar to the IFF
system used during World War II.)
When the Air Traffic Controller on
the ground wishes to identify an air
borne plane, he merely presses a burton
on his radar console. This operateS a
radio circuit which auromadcally trans
mirs a series of coded interrogation
pulses to the receiver in the aircrafr.
A series of coded reply pulses is then
automarically sent to the ground sta·
tion from the plane's transmitter, and
appears on the Air Traffic Controller's
radar scope. The syStem is positive and
fast enough to fill the requirements of
rhe fast-flying aircraft in use today.

The 235-A measures, on a compar
ison basis, the peak power of the pulse
[rain transmitted from [he DME equip
ment. First, the peak of the DME trans
miner is measured in a pulse voltmeter
circuit and read OUt on a panel meter.
The pulse voltmeter and detector are
then switched to read the calibrated Out·
put of the signal generator through an
adjustable precision attenuator which is
adjusted to provide the same level meas
ured for the DME rransmirrer. The
power level is read direcrly on an at
tenuator dial.

Transmitter Pulse
Characteristics

DME MEASUREMENTS
A typical DME radio set consists of

an interrogation generator or synchro
nizer, an enccxl.er, a mcxl.u1arot trans
mitter-receiver, a decoder, distance meas
uring circuits, and the indicator and
controls in the cockpit. DME measure
ments which can be made with the Nav
igation Aid Test Set Type 235-A may
be broken down in three groups; trans·
mitter characteristics, receiver character
istics, and distance measuring circuit
measurements. The basic setup for per
forming DME measurements is showl)
in Figure 2.

Transmitter Power

Certain pulse shaflCS and positions are
required to insure proper operation of
the DME transmitter. The following
typical DME pulse requirements can be
checked with Ihe 235·A, the DME mod-
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the spacing, as displayed on the oscil- 
loscope, is within the tolerances speci- 
fied. The ability of the decoder to re- 
ject sidelobe interrogations is checked 
by varying the amplitude of the second 
pulse. The pulse width capability is 
checked by varying the width of either 
pulse. 

Encoder Measurements 

The primary purpose of the ATC en- 
coder is to produce selected reply codes. 
Presently, there are 64 different reply 
codes which are set up binarily. Each 
reply code is made up of 2 framing 
pulses and 6 code pulses. The spacing 
between the framing pulses and the code 
pulses must be within specified toler- 
ances. The 235-A, in conjunction with 
the ATC modulator and an oscilloscope, 
can be used to check these tolerances. 

Transmitter Frequency 

The frequency of the ATC trans- 
ponder is measured by adjusting the 
wavemeter in the 235-A for a maximum 

indication on the front panel meter, 
with the function selector set for fre- 
quency measure operation, and reading 
the frequency on the wavemeter dial. 

Transmitter Power and 
Pulse Characteristics 

The ATC transponder power and 
pulse characteristic measurements are 
made in the same manner as the DME 
transmitter power and pulse character- 
istic measurements. Pulse characteristics 
requirements are obtainable from the 
ATC equipment handbook. 

SPECIAL MEASUREMENTS 

The measurements described in this 
article are the basic measurements which 
can be made using the 235-A. Other 
measurements such as overall trans- 
ponder delay, AGC characteristics, AOC 
measurements, etc., may also be made. 
Complete ATC and. DME measurement 
procedures are given in the 235-A in- 
struction book and in the instruction 
books for the ATC and DME equipment. 

NEW FM STEREO MODULATOR TYPE 219-A 

U 

With the recent FCC approval 
(Docket 13506) of a system providing 
entertainment stereo and subsidiary com- 
munications in the 88 to 108 Mc FM 
broadcast band, a definite requirement 
has developed for a suitable modulator 
to generate the specified multiplex sig- 
nals to, in turn, modulate an FM signal 
generator for the testing of receiving 
systems. 

The new Type 219-A FM Stereo 
Modulator is designed to provide stereo 
nodulation outputs as specified in the 
FCC Docket, suitable for modulating the 
BRC Type 202-E FM-AM Signal Gen- 
erator or other FM signal generators 
with adequate modulation characteristics. 
Provision is made for Left (L)  and 
Right ( R )  audio stereo channel inputs 
and/or subsidiary communications FM 
subcarriers in the 20 to 75 kc range. 
Preliminary specifications for the Type 
2 19-A are given below. 
Input Characteristics 
ENTERTAINMENT STEREO 
Source: Left ( L )  and Right ( R )  
Fidelity: 50 cps to 15 kc 
Modulating Oscillator: an internal 1 kc os- 
cillator is provided which, in conjunction 
with the Type 202-E internal modulating os- 
cillator (50 cps to 10 kc) may be used to 
furnish stereo inputs. 

Type 219-A 

SUBSIDIARY COMMUNICATIONS 
Source: FM sub-carriers 
Frequency Range: 20 to 75 kc 

Output Characteristics 
ENTERTAINMENT STEREO 
Pilot Carrier - Frequency: 19 kc 

Accuracy: tO.Ol% 
Level: 9 %  of system deviation 

Double Sideband Suppressed Carrier (L-R) 
Frequency: 38 kc 
Accuracy: k O . O l %  
Fidelity: 50 cps to 15 kc 
Carrier Suppression : <1% of system 

Sideband Level: 45% of main carrier mo- 
dulation with either Left 
(L) or Right (R)  signal 

Distortion: <1% at a level corresponding 

deviation 

to 45% of system deviation 
Monaural Carrier ( L  + R )  

Preemphasis: Standard' preemphasis for main 
( L  + R)  and stereo (L-R) 

Frequency: 50 cps to 15 kc 

channels may be switched in or 
out of circuit 
'per Section 3.322 h, FCC 
Docket 13506 

SUBSIDIARY COMMUNICATIONS 
Frequency: 20 to 75 kc 
Metering - A meter is provided to read the 
multiplex output in terms of percent of system 
deviation' of the main RF carrier. The unit 
is factory hdjusted to operate with the Type 
202-E Signal Generator. (Alternative adjust- 
ment may be made for use with other signal 
generators. ) 
'100% = 75 kc deviation 
Composite Output - A suitable linear adder 
is provided to permit summing the monaural 
channel, pilot carrier, stereo channel, and 
subsidiary communications FM sub-carriers. 
Power Supply - 115 volts k 1 0 % ,  60 cps. 

HANS SCHLOTT JOINS 
BRC SALES STAFF 

The appointment of Hans Schlott as 
Regional Sales Manager for BRC was 
announced in March of this year. In this 
capacity Hans will direct the BRC sales 
operations along the east coast from the 
Metropolitan New York City area south 
to the Metropolitan Washington D C. 
area. Beginning his association with the 
Company in March proved timely for 
Hans, as it afforded him the opportunity 
to serve in the BRC booth at the IRE 
show. Here he met scores of BRC cus- 
tomers and was able to hear, first hand, 
their problems concerning measurement 
instrumentation. 

Hans, a native of Sweden, came to the 
United States in 1949. He graduated 
from the Charlottenburg Institute of 
Technology in Berlin, Germany and is 
an Applied Physicist. He also completed 
studies in Industrial Management at the 
Graduate Business School of St. Gall, 
Switzerland. 

Prior to his association with BRC, 
Hans served with Curtiss Wright's 
Princeton Division as Senior Sales En- 
gineer, Eastern Territory. Before that 
he was Eastern Sales Manager for the 
New Products Division of the Corning 
Glass Works in New York City. 

..-.US SCHLOTT 

THE NOTEBOOK

NEW FM STEREO MODULATOR TYPE 219-A

HANS SCHLOTT JOINS
BRC SALES STAFF

HANS SCHLOTT

channels may be switched in or
OUI of circuit
•per &.:rion }.}22 h, FCC
Docket 13506

SUBSIDIARY COMMUNICATIONS
Frequency: 20 III n kc
Melering - A meier is provided to read lhe
multiplex OUtPUl in lerms of percenr of syslem
deviation' of the main RF carrier. The unir
is faclOty adiusted 1lI opef11te with lhe Type
202-E Sisnal Gtonef1110r. (Alternative adiust
menl may be made for use with other signal
generalllrs. )
°100% = n kc deviation
Composite OUtpUt - A suitable linear adder
is provided 10 perm;t summing lhe monaural
channel, pilot carrier, sreteo channel, and
subsidiary communications FM suD-carriers.
P"we. Supply - 115 VOllS ;:!::IO%, 60 cps.

The appointment of Hans SchlO(t as
Regional Sales Manager for BRC was
announced in March of this yeat. ln this
capacity Hans will direct the BRC sales
operations along the east coaSt from the
Meuopolitan New York City area south
to the Metropolitan Washington nc
area. Beginning his association with the
Company in March proved timely for
Hans, as it afforded him the opportunity
to serve in the BRC booth at the IRE
show. Here he met scores of BRC cus
tomers and was able to hear, first hand,
their problems concerning measurement
instrumentation.

Hans, a native of Sweden, came to the
United States in 1949. He graduated
from dle CharJottenburg Institute of
Technology in Berlin, Germany and is
an Applied Physicist. He also completed
studies in Industrial Management at the
Graduate Business School of Sf. Gall,
Swir"erland.

Prior to his association with BRC,
Hans served with Curtiss \'Qright's
Princeton Division as Senior Sales En
gineer, Eastern Territory. Before that
he was Eastern Sales Manager for the
New ProductS Division of the Corning
Glass Works in New York City_

The measurements described in this
article are the basic measurements which
can be made using the 23'5-A. Other
measurements such as overall tr3ns
ponder delay, AGC characteristics, AOC
measuremenrs, etc., may also be made.
Complete ATC and DME measurement
procedures are given in the 2}'5-A in
stnlction book and in the instruction
books for theATCandDMEequipmem.

indication on the front panel meter,
with the function sele<:tor set for fre
quency measure operation, and reading
the frequency on the wavemeter dial.

Transmitter Power and
Pulse Characteristics

The ATC transponder power and
pulse characteristic measurements are
made in the same manner as the DME
transmitter power and pulse character
is-tic measurements. Pulse charaCteristics
re<:juirements are Obtainable from the
ATC et:juipmem handbook.

SPECIAL MEASUREMENTS

""f: -,- h
.~ .,-,

Output Ch",,,....,i.'ico

ENTERTAINMENT STEREO
Pilot Catri.~" - Frequency: 19 kc

Accuf11CY: ::1:0.01 %
~veL 9% of system deviarion

Double Sideband Suppressed Carrier (loR)
Frequency: 38 kc
Accuracy: ±0.01%
Fidelily: ~O cps (0 I~ kc
Carrier Suppression: <1 % of syuem

deviation
Sideband ~vd: 45% of main carrier mo

dulation with e,mer Left
(L) or Right (R) signal

Distottion: <1 % at a level corresponding
1045% of SySlem deviation

Monauf11l Carrier (I. + R)
Frequency: ~O cps to 15 kc

Preemphasis: Slandard' preemphasis for ffillin
(L + Rl and ~!ereo (L-R)

Type 219-A

SUBSIDIARY COMMUNICATIONS
Source: fM su!H:arr;ers
frequency Ranse: 2010 n kc

The primary purpose of the ATC en
coder is to produce selected reply codes.
Presemly, there are 64 different reply
codes which are set up binarily. Each
reply code is made up of 2 framing
pulses and 6 code pulses. The spacing
betw(>(:n the framing pulses and [he cooe
pulses must be within specified toler
ances. The 23'5-A, in conjunnion with
the ATC mooulator and an oscilloscope,
can be used to check these tOlerances.

Transmitter Frequency

The fre<:juency of the ATC trans
ponder is measured by adjusting the
wavemeter in the 2}'5-A for a maximum

Encoder Measurements

the spacing, as displayed on the oscil
loscope, is within the tolerances spe<i
fied. The ability of the de<:oder to re
jeee sidelobe interrogations is che<:ked
by varying the amplirude of the se<:ond
pulse. The pulse width capability is
checked by varying the width of either
pulse.

With the recent FCC approval
(Docket 13'506) of a system providing
entenainmem stereo and subsidiary com
munications in the 88 to 108 Mc FM
broadcast band, a definite requirement
has developed for a suitable mooulator
to generate the specified multiplex sig
nals to, in turn, mooulate an FM signal
generatOr for the testing of receiving
systems.

The new Type 2l9-A FM Stereo
ModulatOr is designed to provide stereo
mooulation OUtPUtS as spe<ified in the
FCC Docket, suitable for modulating the
BRC Type 202-£ fM-AM Signal Gen
erator or other FM signal generatOrs
with adequate modulation characteristics.
Pwvision is made for Lete (L) and
Right (R) audio stereo channel inputs
and/or subsidiary communications FM
suhcarriers in the 20 to 75 kc range.
Preliminary specifications for the Type
219-A are given below.
Inpu' Ch",,,,,•• iotico

ENTERTAINMENT STEREO
Source: Lef! (I.) and Risht (Rl
fidelity: ~O cps 10 l~ kc
Mooulatins Oscillator: an inrernal 1 kc 1).\

cillalOr is provided which, in coniunction
Wilh the Type 202-E internal modulalins 0:0
cillalllr (50 cps III 10 kc) may be used III

furnish 5tueo inpun.
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EDITOR'S NOTE 

The Q of the resonant circuit dis- 
played at the IRE show is 524.2. Winner 
of the Q Meter, with an estimate of 
523.5, is Mr. E. B. Sussman, an Engi- 
neering Consultant from Livingtson, 
N. J. 

More than 1000 entries were sub- 
mitted, with Q estimates ranging from 
1 to 20,000. The bar graph below shows 
the distribution of these estimates. There 
were nine estimates in addition to the 
winning estimate which were very close 
to the actual measured Q and are cer- 
tainly deserving of honorable mention. 

Estimate Submitted By 
515 E. Queen, Stuyvesant High 

School, N.Y.C. 
521 H. Korkes, CBS Radio, 

N.Y.C. 
521 J. M. J. Madey, Student, 

Clark, N. J. 
521.5 P. H. Daitch, Microwave Re- 

search Inst., Brooklyn, N. Y. 

523 J. F. Isenberg, Jr., IBM, 
Poughkeepsie, N. Y. 

523.5 E. B. Sussmann, Engineering 
Consultant, Livingston, N. J. 

525 M. Gellu, FAA/NAFEC, 
Atlantic City, N. J. 

527 J. Brady, Cooperative Ind., 
Inc., Chester, N. J. 

527 P. Bahr, Schon Tool & 
Machine Co., Inc., Union, 
N. J. 

528 A. Karr, Daystrom Central 
Research Lab., W. Caldwell, 
N. J. 
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The resonant circuit in question was 
measured by means of the "in-circuit" 
technique on the UHF Q Meter Type 
280-A at 500 megacycles. Six separate 
measurements were made on the most 
sensitive range on the instrument. The 
average of these measurements was 524.2. 

Our congratulations to Mr. Sussmann 
and many thanks to our many friends 
who visited with us at the show. 

r 
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NEELY ENTERPRISES 
APPOINTED N E W  BRC 

SALES REPRESENTATIVE 
The appointment, effective April lst, 

of Neely Enterprises as Sales Represent- 
atives for Boonton Radio Corporation 
was recently announced. Neely main- 
tains eight offices in the states of Cali- 
fornia, New Mexico, and Arizona. A 
list of these offices is given on page 8 
under BRC Engineering Representatives. 
If you live in one of these states, there 
is a Neely office conveniently near you. 
All offices are fully staffed to help fill 
your electronic needs. 

ALBUQUERQUE, New Mexico 
NEELY ENTERPRISES 
6501 Lomos Blvd., W. 
Telephone Alpine 5-5586 
TWX: AQ-172 

ATLANTA, Georgia 
BlVlNS & CALDWELL, INC. 
31 10 Maple Drive, N.E. 
Tel. Atlanta, Georgia 233-1 141 
TWX: AT 987 

E. A. OSSMANN h ASSOC., INC. 
149 Front Street 
Vestol, New York 
Telephone: STillwell 5-0296 
TWX: ENDICOTT NY 84 

BINGHAMTON, New York 

BOONTON. New Jersey 
BOONTON RADIO CORPORATION 
50 Intervale Road 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

BOSTON, Massachusetts 
INSTRUMENT ASSOCIATES 
30 Park Avenue 
Arlington, Mass. 
Telephone: Mlssion 8-2922 
TWX: ARL MASS 253 

CROSSLEY ASSOC., INC. 
2501 W. Peterson Ave. 
Telephone: BRoadwoy 5-1640 
TWX: CG508 

CLEVELAND 24, Ohio 
S. STERLING COMPANY 
5827 Moyfield Rood 
Telephone: HlLLcrest 2-8080 
TWX: cv 372 

DALLAS 9, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 lnwood Road 
Telephone: Fleetwood 7-1881 
TWX: DL 411 

CROSSLEY ASSOC., INC. 
2801 Far Hills Avenw 
Telephone: Axminster 9-3594 

CHICAGO 45, Illinois 

DAYTON 19, Ohio 

1 TWX: DY 306 

- -- 
DETROIT 35, Michigan -ORLANDO, Florida 

S. STERLING COMPANY 
15310 W. McNichols Rd. 
Telephone: BRoodwoy 3-2- 
TWX: DE 1141 

BlVlNS h CALDWELL, INC. 
P.O. Box 6941 
601 N. Fern Creek Drive 
Telephone: CHerry 1-1091 
TWX: OR 7026 

EL PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone KEystone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHopel 6-5686 
TWX: HF 266 

HIGH POINT, North Corolina 
BlVlNS h CALDWELL, INC. 
1923 North Main Street 
Telephone: High Point 882-6873 
TWX: HIGH POINT NC 454 

EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: MOhowk 7-2407 
TWX: HO 967 

HOUSTON 5, Texas 

HUNTSVILLE, Alabama 
BlVlNS h CALDWELL, INC. 
Telephone: 534-5733 
(Dired line to Atlanta) 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC. 
5420 North College Avenue 
Telephone: Cli f ford 1-9255 
TWX: IP 545 

LAS CRUCES, New Mexico 
NEELY ENTERPRISES 
114 South Water Street 
Telephone: JAckson 6-2486 
TWX: LAS CRUCES NM 5851 

10s ANGELES, California 
NEELY ENTERPRISES 
3939 Lonkenhim Blvd. 
North Hollywood, California 
Telephone: TRiangle 7-0721 
TWX: N-HOL 7133 

OTTAWA 4, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
80 Argyle Ave. 
Telephone CEntral 2-9821 

PHOENIX, Arizona 
NEELY ENTERPRISES 
641 Eost Missouri Avenue 
Telephone: CRestwood 4-5431 
TWX: PX 483 

PITTSBURGH 27, Pennsylvania 
S. STERLING COMPANY 
4232 Brownsville Road 
Telephone: Tuxedo 4-5515 

PORTLAND 9, Oregon 
ARVA, INC. 
1238 N.W. Glisen Street 
Telephone CApitol 2-7337 

RICHMOND 30, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point Avenue 
Telephone: ELgin 5-7931 
TWX: RH 586 

E. A. OSSMANN & ASSOC., INC. 
830 Linden Avenue 
Telephone LUdlow 6-4940 
TWX: RO 189 

SACRAMENTO, California 
NEELY ENTERPRISES 
1317 Fifteenth Street 
Telephone: Gllbert 2-8901 

ROCHESTER 25, New York 

TWX: SC 124 
SAN DIFGO, California 

NEELY ENTERPRISES 
1055 Shafter Street 
Telephone: ACPdemy 3-8103 
TWX: SO 6315 

SAN FRANCISCO, California 
NEELY ENTERPRISES 
501 Laurel Street 
San Carlos, California 
Telephone: LYtell 1-2626 
TWX: S CAR-BEL 94 

SEATTLE 9, Washington 
ARVA, INC. 
1320 Prospect Street 
Telephone: MAin 2-0177 

SPOKANE 1 0, Washington 
ARVA, INC. 
Eost 127 Augusta Avenue 
Telephone: FAirfax 5-2557 

ST. PAUL 14, Minnesota 
CROSSLEY ASSOC., INC. 
842 Raymond Avenue 
Telephone: Mldway 6-7881 
TWX: ST P 1181 

SYRACUSE, New York 
E. A. OSSMAN & ASSOCIATES, INC. 
P. 0. 82.x 128 
101 Pickord Drive 
Telephone: GLenview 4-2462 
TWX: ss 355 

TORONTO, Ontorio, Conado 
BAYLY ENGINEERING, LTD. 
Hunt Street, Ajox, Ontario, Cmoda 
Telephone: Ajox, WHihhall 2-1020 
(Toronto) 925-2126 

NEELY ENTERPRISES 
232 South Tuscon Blvd. 
Telephone: MAin 3-2564 
TWX: 1s 5981 

ARVA, INC. 
1624 West 3rd Avenue 
Telephone: REgent 6-6377 

TUSCON, Arizona 

VANCOUVER 9,B. C. Conoda 
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EDITOR'S NOTE

The Q of the resonant circuit dis
played at lhe IRE show is 5242. WinllCf
of the Q Mner, widl an estimate of
~n.~, is Mr. E. 8. Sussman. an Engi
neerios Consul~t from Livinguon,
N. ).

Mote man 1000 enrries were sub
mined, wilh Q estimates ranging from
I (0 20,000. 'The bar graph below shoW$
the disuibution of these estimates. There
were nine estimates in addition 10 the
winning estimate which were very close
to the acwal measured Q and are cer·
tainly descrving of honorable mention.

F.JtimaJe 5Mbmitted By

515 E. Queen, Stuyvesant High
School, N.Y.C

521 H. Korkcs, CBS Radio.
N.Y.C

521 J. M. J. Madry, Studenr,
OMk, N.).

52105 P. I-l Daitch, Microwave Re
search Inst., Brooklyn, N. Y.

~23 J. F. Isenberg, Jr... mM,
Pooghk~psie,N. Y.

~23.5 E. 8. Sussmann, Enginetring
ConsuI~l, Livingston, N. J.

52~ M. GelIu, FAA/NAFEC,
Albnlic City, N. J.

527 J. Brady, Cooperarive lnd.,
Inc., Chester, N. J.

~27 P_ Baht, Schon Tool &:
Machine Co... Inc.. Union,
N.).

~28 A_ Karc, Daysuom Cenrr:al
Research Lab., W. Caldwell,
N. J.

!~-; ~• • ............ " .. !! .... !!!!-- -- 2: _ ._ _ <:¥ at If £!;
a U..,l

'The resonam circuit in question was
measured by mnns of the ~in<ircuit~

technique on lhe UHF Q Mner Type
280-A at 500 megacycles. Six separate
IllC2$l1J"CtnCtfS were made 00 lhe lDO$l

sensitive range on the instrument.~
average of thoe measurements was 5242.

Our congrarubtions lO Mr. Sussmann
and many thanks 10 oor many friends
who visited with us ar lhe show.

NEELY ENTERPRISES
APPOINTED NEW BRC

SALES REPRESENTATIVE
The appointment, effective Apri] ht,

of Neely Enterprises as Sales Represent
atives for Boomon Radio Corporation
was recently announced. Neely main
rains eight offices in the states of Cali·
fornia, New Mexico, and Arizona. A
list of these offices is given 00 page 8
under BRC Engioeering Reprcscorativcs.
If yoo live io one of lhc:sc- stales, lhere
is a Nedy office conveniently near you.
All offices are fully staffed. 10 help fiJI
your decuonic needs.

-
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For the past twenty-one years, the 
Boonton Radio Corporation has been 
recognized as a leader in the design and 
manufacture of frequency modulation 
signal generators. It is logical, therefore, 
that when FCC approved an FM Stereo 
Broadcasting System, as they did on 
April 20, 1961, that BRC should pro- 
vide the market with a stable, easy to 
use, attractive, economical source of the 
multiplex signal for use with FM signal 
generators, or for direct use with re- 
ceiving multiplex adapters. To this end, 
the 2 19-A has been designed. 

NEW FM STEREO SYSTEM 
JOHN P. VAN DUYNE, Engineering Manager 

THE FCC APPROVED SYSTEM 

The system, approved by the FCC 
“Report and Order” dated April 20, 
1961, and specified in FCC Docket 
13506, provides for the simultaneous 
broadcasting of a main channel of 
monaural information, a separate sub- 
channel for the transmission of stereo 
information, and provision for one or 
more channels for Subsidiary Com- 
munication purposes. This latter assign- 
ment may be used for program relaying, 
“mood music”, broadcasting for indus- 
trial or commercial purposes, etc. 

The FCC approval of the stereo sys- 
tem came after an extensive study of 
the matter in general, and specifically, 
the work of the National Stereophonic 
Radio Committee which provided the 
medium for field testing and analyzing 
many of the various stereo broadcasting 
systems which had been proposed. The 
author will not attempt to discuss the 
work of this committee, which has been 
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adequately documented, but will content 
himself with briefly describing the pres- 
ently approved system. 

Reference to Figure 1B will show the 
frequency spectrum of the baseband 
multiplex signal which is generated by 
the BRC 219A. The upper portion of 
this Figure ( I A )  shows a typical modu- 
lation characteristic of an FM signal 
generator. If the generator is reasonably 
linear, a single constant can be used to 
relate deviation of the radio frequency 
carrier to a voltage applied to the mod- 
ulating terminals; i.e., Af =K Ems. (1) 
With this in mind, the system may be 
more readily understood by confining 
one’s attention to the baseband multi- 
plex spectrum (Figure IB),  which is 
fed to the modulating jack of the FM 
signal generator. 

One requirement confronting the de- 
signers of this system, that was of key 
importance to the FCC, was the prob- 
lem of providing “compatible reception” 
with receivers already in the hands of 
the FM listening public. This has been 
achieved by a matrixing technique 
which is shown in the block diagram 
in Figure 1B. The assumption is made 
here that if there were two parallel- 
connected microphones “listening to” 
the output of a program source, such 
as an orchestra, that the listener to a 
monaural receiver tuned to this broad- 
cast would hear a rather arbitrary sum- 
mation of the audio outputs of these 
two microphones. It can be seen that in 
the new stereo system, these outputs are 
indeed summed and applied to the mon- 
aural channel; thus providing compat- 
ible reception. 

In nonstereo broadcasting, the peak 
deviation resulting from the sum of the 
left and right outputs is allowed to reach 
100% of system deviation, or 75 kc, for 
the previously approved monaural 
broadcasting system. In the case of the 
stereo system, this maximum deviation 
is reduced to the level of 90%, for 
reasons that will be discussed shortly. 

Since the summed output of the left 

IMPORTANT NOTICE 
Boonton Radio Corporation has mavec 

into its new plant and offices in Rockaway 

Township, New Jersey. Our new address 

and telephone number are as follows: 

Mailing Address: Boonton Radio Corporation 

P. 0. Box 390 
Boonton, New Jersey 

Plant and Offices: 

Boonton Radio Corporation 

Green Pond Road 

Rockaway Township, New Jersey 

Telephone: OAkwood 7-6400 

TWX: ROCKAWAY NJ 866 
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A MODULATOR FOR THE
NEW FM STEREO SYSTEM

J~N 29 1962 -
JOHN P. VAN DUYNE, ElIgil1eerhJg Manager

For the past twenty-one years, the
BoontOn Radio Corporation has been
recognized as a leader in the design and
manufacture of frequency modulation
signal generators. h is logical, therefore,
that when FCC approved an FM Stereo
Broadcasting System, as they did on
April 20, 1961, that DRC should pro
vide the market with a stable, easy to
use, anracrive, economical source of the
muldplcx signal for use with FM signal
gcnc'n!mfS, or for direct usc with reo
ceiving multiplex adapters. To this end,
the 219·/\ has been designed.

THE FCC APPROVED SYSTEM

The system, approved by the FCC
"Repon and Order" dated April 20,
1961, and specified in FCC Docket
13506, provides for the simulroneous
broadcasting of a main channel of
monaural information, a separnte sub
channel for the transmission of sterco
information, and provision for one or
more channels for Subsidiary Com
munication purposes. This latter assign
ment may be used for progrl1m relaying,
"mood music", broadcasting for indus
trial or commercia.! purposes, etc.

The FCC approval of the sterco sys·
tern came aher an extensive srudy of
the maner in genernl, and specifically,
the work of the National Stereophonic
Radio Committee which provided the
medium for field testing and analy;ring
many of the various Steroo broadcasting
systems which had been proposed. The
author will not attempt to discuss the
work of this committee, which has been
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adequately documented, but will content
himself with briefly describing the pres
ently approved system.

Reference to Figure IB will show the
frequency spe<trurn of the baseband
multiplex signal which is generated by
the BRC 21911.. The upper portion of
this Figure (11\) shows a lYpical modu
lation characteristic of an FM signal
generator. If the generator is reasonably
linear, a single constant can be used to
relate deviation of the radio frequency
carrier to a voluge applied to the mod
ulating terminals; i.e., ,6f=K E",O<!. (1)
With this in mind, the syStem may be
more readily understood by confining
one's am·ntion to the baseband multi
plex spectrum (Figure 18), which is
fed to the modulating jack of the FM
signal generator.

One requirefl1l."nt confronting the de
signers of this system, that was of key
importance to lhe FCC, was the prob·
lem of providing "compatible reception"
with receivers already in the hands of
the PM listening public. This has been
achieved by a matrixing technique
which is shown in the block diagram
in Figute lB. The assumption is made
here that if there were twO parallel
connccted microphones "listening to"
the OUtput of a program source, such
as an orchestra, that the listener 10 (I

monaural receiver (lined to this brood
caSt would hear a rather arbitrary sum
mation of the audio OUtPUtS of these
twO microphones. It can be seen that in
the new stereo system, these OUtputS are
indeed summed (lnd applied to the mon
aural channel; thus providing compat
ible reception.

In nonstereo broadcasting, lhe peak
deviation rcsulting from the sum of the
left and tight outputs is allowed to reach
100% of system deviation, or 75 kc, for
the previously approved monaural
broadcasling systcm. In lhe case of thc
Stereo system, this maximum deviation
is reduced to the level of 90%, for
reasons that will be discussed shortly.

Since the summed OUtput of the left
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B O O N T O N  R A D I O  C O R P O R A T I O N  

T H E  BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
Corporation. I t  is mailed free o f  charge 
to  scientists, engineers and other inter- 
ested persons in the communications 
and electronics fields. T h e  contents may 
be reprinted only with written permis- 
sion from the editor. Y o u r  comments 
a n d  s u g g e s t i o n s  a r e  w e l c o m e ,  a n d  
should be addressed to: Editor, T H E  
B R C  N O T E B O O K ,  B o o n t o n  Radio  
Corfioration, Boonton, N.  J. 

and right microphones (L + R )  are 
broadcast in this compatible manner, it 
simply remains to separately transmit 
information which is related to the 
instantaneous difference between the 
outputs of the Left and Right micro- 
phones. In order to minimize the band- 
width required for full fidelity (50 cps 
to 15,000 cps) , this L - R information 
is transmitted by means of amplitude 
modulation of a subcarrier located at 
38 kc. The subcarrier is suppressed to 
reduce crosstalk due to nonlinearity in 
the transmitter or receiver. Distortion- 
less amplitude modulation of this sup- 
pressed carrier will, with signals not 
exceeding 15,000 cps in frequency, oc- 
cupy the spectrum from 23 to 53 kc 
(38 * 15 kc). This leaves a portion of 
the spectrum from 53 to 75 kc for a 
small amplitude Subsidiary Communica- 
tions signal. 

It is obvious to the reader that the 
system, described to this point, provides 
L + R in the normal audio frequency 
portion of the spectrum (50 to 15,000 
cps) and the sidebands of the amplitude 
modulated suppressed carrier (L - R )  
information in the 23 to 53 kc region. 
However, since the 38 kc carrier is 
suppressed to less than 1% of system 
deviation, it would be extremely diffi- 
cult to demodulate this information in 
a distortionless, low-noise manner. 
Therefore, a pilot carrier at exactly one- 
half the suppressed carrier frequency is 
transmitted at reduced deviation of the 
main carrier. 

The 19 kc pilot carrier is specified 
to produce a deviation of the main car- 
rier between 8 and 10% of the system 
deviation of 75 kc. Since this 19 kc car- 
rier is located with a guard band of 4 kc 
on either side, as shown in Figure lB, it 
is evident that a practical filter can be 
used to extract the frequency and phase 
information carried by this carrier. If 
the filtered pilot is doubled in frequency, 
maintaining the proper phase relation- 
ship, it may be used to demodulate the 
L - R information on the subcarrier by 
means of simple amplitude modulation 

detectors in which the locally generated 
carrier is mixed with the L - R side- 
bands. The potential is also provided for 
the use of exalted carrier demodulation 
in the interests of good signal-to-noise 
ratio and low distortion. 

Thus, we see that the multiplex stereo 
signal can be rather simply described by 
a plot of voltage generated versus the 
baseband frequency spectrum to 75 kc. 
The multiplex signal may also be de- 
scribed mathematically as follows: 

nous in frequency and identical in phase, 
a maximum output would exist in the 
L + R channel, and a zero output would 
exist in the L - R channel. Conversely, 
if the two microphone outputs were 
equal in amplitude and frequency, but 
opposite in phase, then the maximum 
output would exist in the L - R chan- 
nel and zero in the L + R  channel. If 
the maximum permissible deviation re- 
sulting from the L + R audio or from 
the sum of the L-R sidebands is 

A major feature of the L + R, L - R limited to 45% (33.75 kc) with either 
matrix system is that time-sharing be- left only or right only by FCC, then it 
tween the monaural and stereo channels can be seen that no combination of Left 
is automatically provided. Thus, if at an and Right signals can add to produce 
instant in time, the outputs of the left more than 90% system deviation. Thus, 
and right microphones were synchro- the 6 db signal-to-noise degradation 

~~ 

ASSUME: 
1. Left (L) signal only being transmitted 

2. (L+R)  channel response is such that its output differs from (L-R) channel as 
though it were multiplied by a transmission fact a / B =  a = (cos 8 + j sin 8) 

3. Stereophonic separation E R ,  

R, = 20 log,,, 
magnitude of output from Right 

magnitude of output from Left channel 

4. a. Let L =output from L- R channel (Left signal only) 
b. Let L' :output from L + R channel (Left signal drive only) 

VECTOR DIAGRAM: 

/L+L' ,---i;"p L-L! - L' 
I 

L 

L+L\ 

L+L' = L + a L  ( c o s ~ + j s i n ~ )  = L  ( l+acosO) + j a L s i n e  

1 + 2  COS + a2 cos2 e+ a2 sin2 8 

1 - 2 ucos 8 + a2 cos2 8 + a2 sin2 8 

a2 + 2acos e+ 1 

a2 - 2acos 8 + 1 

CHECK: 
1. If a= 1, and 8= 0; a* - 2 a c o s ~ +  1 = 2 -2 = 0, .'. R,= 00 

2. If a = l ,  and /j=any value; R,=2010g,~ 

3. If e = 0, and a = any real number; R, = 20 log,, - (::: ) 
NOTE: These same equations may be used for the case where L-R channel output is 

multiplied by a (cos 8 + j sin 8 )  but reference vector is now output of L + R channel. 

Figure 2. Stereo System with ldentical lnputs (Assumed as Left Only) Fed into the 
L+R and L - R  Channels 

a 

BOONTON RADIO CORPORATION

r..... 2. Sf.... Syot.'" wit" IfI.",;'o' I",..". (As...mN o. t.', O"Iy) r.<I i",o ,,,.
L+1 olfd l -I CIIl."Hls

ASSUME:

I. Left (L) Jdsnal onl,. '-'i"8 fl1lruminN

2. (L+R) dumnel respons.e is such lhal irs OUlpul dfffers from (L-R) channel as

thou,gh il "'ere multiplied by a uarumiSilion faa "'&='" = (cosO+jsinO)

}. S..,rroplxmic SoepII ....tion =R.
(IIaSniCUde of OU!pUl frorn L.r(r channel )

It,. = 20 logU)
magnicude of OUlptlf from Righi dlannel

4. a. l.rt L =OUfpue from L_ R channel (Lefe signal onl,.)
b. l.rt t.' =Olupue from L+R channel (Lefe sillnal drive only)

VECTOR DIAGRAM:

~L-~ R.~20'o, (
L+L)
L-L

L+L' =L+ .. L (COl 0+ j ~;n 0) = L (I +"co~O> + j.,L sin 0
L-L' =L-oIL (001 0+ j ,in 0) =L (I -loos0) - jolLsin 0

1 + 2.,oos + ,,2 001 2 0+ .,2 1in2 0 012 +201cOIO+ I

R~=20 10810 = 2010810

..J 1-2.,oos 0+.,2 COI2 0+012 s;n2 0 V 0I2 -201cOlO+1

CHECK,

1. U.,= I, and 0=0; .2-2.010010+ 1=2- 2=0•. '. R.= 00

fEf-2. Ii "'= I, and O=any value; R,,=20Jogw
I-cosO

(0+' ),. If 0=0, and "'=an)' real number; R.= 2010810 --0-1
NOTE: These same equations ma, '-' used for chr ase where L-R channel DU!pU1 is

muluplied by" (cosO+ jsinO) bur refercna V«fl)r is OQW ourpul of L+ R channel.
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'" ,ti'"I;'t'. '111' .....' ""J "Ih.. i"t..·
.lId p..,,,.., ;" th, tomm.",;t.tJ;o",
""J ,1.11,0,,;t, /;,14,. Th. t""I."lJ ~
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,hollU J:,,, .JJ,,,,,J 10: &/ilor, THE
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and right microphones (L + R) are
bro:adC2$t in this compalible ffi2noet, it
simply reffi2ins 10 sepanudy rnnsmit
inform:uion which is rdated to the
instantalJCOUS difference herwCCfl the
OlUpurs of the Left Ind Right micro
phones. In order to minimize: the hand
width required for full fidelity (50 cps
to 15,000 cps), lhisl- R information
is rransmitled by means of amplitude
modulation of I subcanier located at
38 kc. The subcaerier is suppressed to
reduce crosstalk due to nonlinearity io
the transmitter or receiver. DislOrUon
less amplitude modulation of this sup
pressed carrier will, wilh signals not
exceeding 15,000 cps in frequency, oc
cupy the spectrum from 23 to 53 kc
(38 ±15 kc). This leaves a portion of
the speclrum from 53 to 75 kc for a
small amplitude Subsidiary Communica
tions signal.

It is obvious 10 the reader that the
system, described 10 this point, provides
l + R in the normal audio frequency
portion of the spectrum (50 to 15,000
cps) and the sidebands of the amplitude
modulated suppressed carrier (L - R)
information in the 23 to 53 kc tcgion.
However, since the 38 kc ca.rrier is
suppressed to less than ] % of system
deviation, it would be extremely diffi
cult to demodulate this information in
a distottionleu, low-noise manner.
Therefore, a pilot carrier at exactly one
half the suppressed catrier ftequency is
transmitted at reduced deviation of the
main carrier.

The 19 kc pilot carrier is specified
to produce a deviation of the main car·
rier between 8 and 10% of the system
deviation of 75 kc. Since this 19 kc car
rier is located with a guard hand of 4 kc
on either side, as shown in figure IB, it
is evident that a practical filter can be
used to extraCt [he frequency and phase
information carried by this carrier. If
the filtered pilot is doubled in frequency,
maintaining Ihe proper phase rdation
ship, it may be used to demodulale the
L - R infOtlJ'l3tion on the subcarrier by
means of ~implc amplimdC' modulalion

detectors in which the locally gcnet:l!ed
carrier is mixed with the L - R side
bands. The potential is also provided for
the use of exalted carrier demodulation
in the imercsrs of good signal-to-noise
ratio and low distortion.

Thus, we see that the muhiplex stereo
signal can be rather simply described by
a plO{ of voltage generaled versus the
baseband frequency spectrum to 75 kc.
The multiplex signal may also be de
scribed mathematically as follows:

A major fearnrt' of the L + R, L - R
matri:x system is that time-sharing be
twecn the monaural and steteo channels
is automatically provided. Thus, if It an
iOSfaIlt in UIIK!, the OUtpurs of the left
and right microphones were synchra-

nous in frequency and idemical in phase,
a maximum output would exist in the
L + R channel, and a lero ompm would
exist in the L - R channel. Conversely,
if the twO microphone OUtputs werc
equal in amplitude and frequency. but
opposite in phase, then the maximum
OUtpUt would exist in the L - R chan
nel and zero in rhe L + R channel. If
Ihe maximum permissible deviation re
sulling from [he L +R audio or from
the sum of the L - R sideb:lOds is

limited to 45% (>3.75 kc) with eilher
left only or right only by fCC, then it
an be ~n that no combination of Left
and Right signals can add to produce
more Ihan 90% system deviation. Thus,
the 6 db signal-ta-noise degradation
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which would result from transmitting 
Left and Right in the two channels is 
reduced to 1 db. The remaining 10% 
system deviation being reserved for the 
19 kc pilot subcarrier. 

There are several system transmission 
characteristics which must receive care- 
ful attention if the maximum capabili- 
ties of the system are to be reached. In 
any system that transmits stereo multi- 
plex information, it is desirable that the 
maximum separation be retained be- 
tween a signal which initiates output 
only in the Left channel or the Right 
channel. The ability of a system to pro- 
duce the largest possible ratio of the 
signal in the left-hand loudspeaker at 
the receiving end, to the signal in the 
right-hand loudspeaker, when excited by. 
a pure Left signal, is of interest (sim- 
ilarly for a pure Right signal). This ratio 
is termed “stereophonic separation”. 

It is a major endeavor of the newly 
.approved system to maintain 30 db of 
stereo separation over the entire audio 
frequency range of 50 cps to 15,000 cps. 
If the system standards are adhered to, a 
broadcast transmitter can be assured of 
providing a signal capable of maintain- 
ing this separation. Considerable atten- 
tion to detail is required to achieve this, 
however. Chief amor,g these are the 
need for amplitude flatness of better 
than 3x96 over the 50 to 15,000 cps 
frequency range. In addition, the time 
delay in the L - R channel must be SO 

riearly equal to that in the L + R chan- 
nel that not more than 3 degrees of 
differential phase shift exists between 
an audio frequency transmitted by one 
channel relative to the other channel. 

This can be readily demonstrated if 
one will picture two parallel transmis- 
sion systems driven with the same input 
and then take the outputs in these two 
systems and add them vectorily and then 
sibtract them vectorily in two isolated 
circuits. Figure 2 illustrates the situa- 
tion that exists in the stereo system 
when identical inputs (assumed as Left 
only) are fed into the L + R and L - R .  
channels. If we consider that the trans- 
mission of the one channel differs from 
that of the other by a magnitude “a”, 
and by an angle 6, we can then solve for 
the residual output which will exist in 
the difference circuit. If this residual 
output is defined as R,, we find that: 

L-‘ 

a2 + 2a cos e + 1- J a2 - 2a COS 6 + 1 
R, = 20 loglo 

Figure 3 shows how stereo separa- 
tion depends on values of “a” for any 
angle 0 from 0 to 30 degrees. L/ 

50 

40 

0 
0 I O  20 30 

ANGLE €3 (DEGREES) 

Figure 3. Stereo Separation (Rs) Versus Angle 0 

TRANSMISSION OF THE 
MULTIPLEX STEREO SIGNAL 

After the signal has been generated 
and exists in the form shown in Figure 
1, or as described in equation 2, there 
are certain requirements placed on the 
components which transmit or process 
the multiplex signal if the stereo sepa- 
ration is to be maintained. These re- 
quiremeqts are quite similar to those 
necessary to faithfully reproduce tran- 
sient phenomena, in that the amplitude 
response must be quite flat and the time 
delay over the band must be of constant 
value. It is a well-known and unfortu- 
nate fact that most simple networks do 
not exhibit these characteristics over 
their entire passband. 

A typical network that is of interest 
in connection with FM signal generators 
and receivers is shown in Figure 4. This 
figure illustrates a simple “constant k ’  
low-pass filter section. The LC low pass 
is typical of the RF filters that exist 
between the modulation terminals and 
the reactive modulating element of most 
FM signal generators to prevent leakage 
of the carrier via the modulating leads. 
This filter is frequently one of the major 
limitations to the electric fidelity of the 
FM channel of such generators. It can be 
easily seen that only about 20% of the 
passband of the LC circuit meets the 
constant time delay criterion. There- 
fore, if constant time delay were a re- 
quirement to be maintained up to 50 
kc, the circuit should actually have a 
bandwidth of 250 kc to provide negli- 
gible distortion of the multiplex signal. 

It actually turns out that if the filter 
shown in Figure 4 were to contribute 
the maximum allowable delay error (3”  
at 15 kc, or 0.56 psec.) that it is possi- 
ble to operate with the upper sideband 
of the FM multiplex system at 0.29F0, 
where F, is the nominal cutoff frequency 
of the filter. 

This fact is of considerable import- 
ance in selecting a suitable frequency 
modulation signal generator, since it 
shows that the actual modulation channel 
bandwidth will have to be 3 to 5 times 
53 kc in order that phase-distortionless 
transmission can be relied upon. This is 
true of the BRC 202E Signal Generator, 
which is only 1 db down at 200 kc and 
exhibits essentially constant time delay 
up to 75 kc of the modulating frequency. 
There are many good FM signal gen- 
erators of older design (for example, 
the BRC 202B) which have electric 
fidelity of the order of 15 to 20 kc. 
These are generally unusable with the 
stereo multiplex system, unless extensive 
work is done to predistort the signal for 
use with these narrower band generators. 
This can be done, but usually entails 
individual measurements and tests on a 
given generator. 
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Figure 4. “Constant K” Low-Pass Filter Section 

DESIGN APPROACH TO 
BRC 219A 

With this background, we are ready 
to turn to the factors gcliding the design 
of the 219A. Reference to the block 
diagram of Figure 5 will quickly show 
that the “classical” approach to generat- 
ing the signal has been used in this in- 
strument. This was done to provide a 
maximum of stability, ease of under- 
standing, and flexibility in providing 
the specified and certain desired “out of 
specification” signals for the purpose of 
receiver and multiplex adapter testing. 
The major objectives of the design were 
to achieve simplicity of use, operational 
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DESIGN APPROACH TO
BRC 219A

\'<lith this background, we arc ready
to turn to the faCtors gl<iding the design
of the 219A. Reference to the block
diagram of Figure 5 will quickly show
that the "classical"' approach to generat
ing the signal has been used in this in
strument. This was done to provide a
maximum of stability, ease of under
standing, and flexibility in providing
the specified and certain desired "OUt of
specification" signals for the purpose of
receiver and multiplex adapter testing.
The major objectives of the design were
to achieve simplicity of use, operational
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Ie actually turns out that if the filter
shown in Figure 4 were to contribute
[he maximum allowable delay error (3 c

at 15 kc, or 0.56 p.Sec.) thac it is possi
ble to operate with the upper sideband
of the FM multiplex system at O.29F",
where Fe is the nominal cutoff frequency
of the filter.

This faet is of considerable import
ance in selecting a suitable frequency
modulation signal generator, since it
shows that the aerual modulation channel
bandwidth will have to be 3 to 5 times
53 kc in order that phase-disrortionless
transmission can be relied upon. This is
true of the ERe 202E Signal Generator,
which is only I db down at 200 kc and
exhibits essentially constant time delay
up to 75 kc of the modulating frequency.
There arc many good FM signal gen
erators of old~r design (for example,
the BRC 202B) which have electric
fidelity of the order of 15 to 20 kc.
TIlese are generally unusable with the
stereo multiplex system, unless extensive
work is done to predistort the signal for
use with these narrower band generators.
This can be done, bur usually entails
individual measurements and tests on a
given generator.

TRANSMISSION OF THE
MULTIPLEX STEREO SIGNAL

Aher the signal has been generated
and exists in the form shown in Figure
I, or as described in equation 2, there
are certain requirements placed on [he
components which transmit or process
the multiplex signal if the stereo sepa
ration is to be maintained. These re
quiremen.ts are quite similar to those
necessary to faithfully reproduce tran
sient phenomena, in that the amplitude
response must be quite flat and the time
delay over the band must be of constant
value. It is a well·known and unform
nate fact that most simple networks do
not exhibit these characteristics over
thidr entire passband.

A typical network that is of interest
in cOnlleclion with FM signal generators
and receivers is shown in Figure 4. This
figure illustrates a simple "COnStant k"
low-pass filter section. The LC [ow pass
is typical of the RF filters that exist
between the modulation terminals and
the reactive modulating element of mOSt
FM signal generatOrs to prevent leakage
of the carrier via the modulating leads.
111is filter is frequently one of the major
limitations to the e1ecuic fidelity of the
FM channel of such generators. It can be
easily seen that only about 20% of the
passband of the LC circuit meetS the
constant time delay criterion. There
fore, if constant time delay were a re
quirement to be maintained up to 50
kc, the circuit should actually have a
bandwidth of 250 kc to provide negli
gible distortion of the multiplex signal.
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which would result from transmitting
Left and Right in the twO channels is
reduced to I db. The remaining 10%
system deviation being reserved for the
19 kc pilot subearrier.

There are several system transmission
charaeteristics which must receive care
ful attention if the maximum capabili
ties of the system are to be reached. In
any system that transmits stereo multi
plex information, it is desirable that the
maximum separation be retainoo be
tween a signal which initiates output
only in the left channel or the Riglu
channel. The ability of a system to pro
duce th~ largest possible ratio of the
signal in the left-hand loudspeaker at
the receiving end, to the signal in the
right-hand loudspeaker, when excited by'
a pure Left signal, is of interest (sim
ilarly for a pure Right signal). This ratio
is termed "stereophonic separation".

It is a major endeavor of the newly
approved system to maintain 30 db of
stereo separation over the entire audio
frequency range of 50 cps to 15,000 cps.
If the system standards are adhered to, a
broadcast transmitter can be assured of
providing a signal capable of mainmin·
ing this scparntion. Considerable atren
tion to detail is required to achieve this,
however. Chief amor.g these are the
nl-ro for amplitude flatness of bener
than 3V2% over the 50 to 15,000 cps
frequency range. ln addition, the time
delay in the L - R channel must be SO
n1'arly equal to that in the L + R chan
nel that not more than 3 degrees of
differential phase shift exists between
an audio frequency transmitted by one
channel relative to the other channel.

This can be readily demonstrated jf
one will picture twO parallel trnnsmis
sion sYStemS driven with the same input
and then take the OutputS in these twa
sYStemS and add them veaorily and then
subtrnct them venority in twO isolated
circuits. Figure 2 illustrates the situa
tion that exists in the sterco system
when identical inputs (assumed as Left
only) ate fed into the L +Rand L - R·
channels. If we consider that the trans
mission of the one channel differs from
that of the other by a magnitude "a",
and by an angle 9, we can then solve for
the residual output which will exisc in
the difference circuit. If this residual
output is defined as R., we find that:

R -201 9
2 +2acos9+ I

.- oglu a2 2acos9+ I .

Figure 3 shows how stereo separa
tion depends on values of "a" for any
angle 8 from 0 ro 30 de,grces.
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DEV I AT ION 

MODULATOR 

19KC 
REFERENCE 

Figure 5. Block Diagram of the Type 219-A 
which they perform. Particularly note- 
worthy are the matrix and mode switches. 

stability, and self containment when 
used with the BRC 202E and compara- 
ble signal generators. 

INPUTS PROVIDED 

Separate left and right inputs of nearly 
identical phase and frequency response 
are provided. 1.7 volts rms typically is 
required in left only or right only for 
45% of system deviation. The input 
impedance is 10 k ohms. In addition, an 
input is provided for an FM subcarrier 
generator to simulate the SCA signals 
with which receivers may have to deal. 
This requires 1.0 rms volts into 10 k 
ohms, for 10% of system deviation. 

It should be noted that the 219A is 
particularly easy to use with a BRC 
202E, since audio frequencies from 50 
cps to 10 kc, in several steps, may be 
supplied from the internal modulating 
oscillator of the 202E. In addition, a 
stable, balanced source of 1 kc is avail- 
able inside the 2 19A. A normal-reverse 
switch is provided on the 219A panel to 
permit either of these two oscillators to 
be connected to the Left and Right 
channels. Thus, different frequencies 
are supplied for testing the two chan- 
nels, and the variable frequency oscil- 
lator in the 202E can be used for fidel- 
ity measurements from 50 cps to 10 kc. 
Obviously, an external audio oscillator 
of any suitable type may also be used. 

CONTROLS 

The chart shown in Figure 6 lists the 
controls provided and the functions 

The matrix switch permits simple check- 
ing of the 2l9A for L - R null and 
L + R null, which permits a check on 
the internal alignment of the 219A. In 
addition, in these positions, outputs are 
provided using the internal 1 kc source, 
which permit crosstalk checking in a 
receiver or multiplex adapter between 
the L + R and L - R kc channels. This 
crosstalk is not to be confused with 

stereo separation which is measured with 
a signal in only the Left or the Right 
channel. The mode switch permits an 
orderly checkout of the makeup of the 
multiplex signal, using the internal peak 
reading meter. 

For other than the most advanced 
measurements, the meter integral to the 
219A is all that is needed to verify 
proper setup of the multiplex signal. 
In addition, it can be used in conjunc- 
tion with various positions of the mode 
switch and panel adjustments, to set up 
a non-standard signal of the type which 
may be needed to simulate propagation 
effects on the multiplex signal. For ex- 
ample, the pilot carrier may be adjusted 
over a range of 0 to 30% to simulate 
the effects of multipath transmission, or 
non-flat transmission systems. 

Since many receivers will use phase- 
locked sub-carrier oscillators, variation 
in level of the pilot carrier is necessary 
to test their performance. Knobs are pro- 
vided to adjust the pilot carrier level and 
the absolute output level of the 219A. 
A reference phase 19 kc output is pro- 
vided to facilitate this. 

The output level adjustment permits 
the use of the 219A with most FM 
signal generators. In use, it is only nec- 
essary to set the mode switch to the 
“SET” position, and to set the internal 
1 kc level so the meter in the 219A - 
reads 100% with the output connected 
to the FM signal generator. The controls 
of the FM signal generator are then set 

FRONT PANEL CONTROLS 

NORMAL-REVERSE 

PREEMPHASIS 

1 KC 

MATRIX 

MODE 

FUNCTION 

Interchanges input channels, including internal 1 kc oscillator. 

Inserts 75 psec. preemphasis in L and R channels. 

Connects and varies level of internal 1 kc oscillator to right 
channel. 

Normal - See block diagram, Figure 6. 
L - R  Null -Connects inputs of adder and subtracter to in- 

L + R Null - Connects adder and subtracter inputs to opposite 

Set - Connects internal 1 kc source to output meter to set 

ternal fixed 1 kc source. 

polarity, equal amplitude internal 1 kc. 

output for 75 kc deviation. 

L +  R - Input signals go through adders to output; all else off; 

19 KC - Pilot on only; meter calibrated 6-lo%, set pilot level. 

38 KC - Subcarrier on only, meter 0-10% to balance subcarrier. 

1 - R - Pilot on; L + R off, meter loo%, inputs connected, set 

MULTIPLEX - All on; normal operation. 

meter 100%. 

L- R gain. 

MULTIPLEX OUTPUT Adjusts system output. 

PILOT LEVEL Adjusts level of pilot carrier. 

SCREWDRIVER ADJUSTMENTS FUNCTION 

MODULATOR BALANCE 

L-R GAIN 

Fine balance adjustment for modulator. 

Adjusts gain of L- R channel. 

ZERO Sets electrical zero of output peak voltmeter. 

L 

Figure 6. Type 219-A Control Functions L 
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which they perform. Pankularly nOte
WOrthy arc the matrix and mode switchc$.
The matrix swilch permits simple check·
ing of the 219A for l - R null and
L + R null, which permits a check on
the internal alignment of the 21911.. In
3.ddidon, in dleSe posidons, OUtputS are
provided using the internal 1 kc source,
which permit crosstalk checking in a
re<:eiver or multiplex adapter between
the L + Rand L - R kc channels. This
crosstalk is nOt to be confused with

'."" S. 1/0<' 0;0"'0_
smbili[J', and self cootllinment when
used with th~ BRC 202E 2nd compara·
ble sign:J.1 gener:ilofS.

Fig.... 6. ',pe 2.,·" C."'r.' f ......ie...

FUNCTION

fUNCTION

stereo separarion which is measured with
a signal in only the Left or the Right
channel. The mode swirch permits an
orderly chcdeour of the makeup of Ihe
multiplex signal, using Ihe internal peak
reading meter.

For Other than the most advanced
measurements, lhe meter integral to the
21911. is all Ihat is na-ded to verify
proper setup of the multiplex signal.
In addition, it can be used in conjunc
tion wilh various positions of Ihe mode
swilch and panel adjustmentS, to set up
a non-standard signal of the type which
may be na-ded 10 simu1:ue propagation
effecu on the multiplex sign:J.J. For ex
ample, the pilOt carrier may be adjUSted
over a range of 0 10 30% to simulale
the effecu of multipath transmission, or
non-flat transmission systems.

Since many receivers will use phase.
locked sub-<:a.rrier oscillarors, variation
in level of the pilOt carrier is necessary
to test their performance. Knobs are pro
vided 10 adjust the pilot carrier level and
the absolute OUtput level of the 21911..
A reference phase 19 kc (MJtput is pro
"ided 10 fJ.cilit3te this.

The OUtput levd 2djusrmenr permits
the use of the 21911. with most FM
signal generators. In use, it is only nec
essary to set' Ihe mode switch 10 the
"SET' position, and 10 set the internal
I kc level so the meter in Ihe 21911.
reads 100% wilh the OUtput connected
to the FM signal generator. The controls
of the FM signal generalor are rhen SCt

Inl...hon"•• Inpul chonn.I., In<ludinli '1'1"1'01 1 kc a.dllolo•.

In••,!. 7' ,.. ••c. pr••mpho.i. in L ond R <honn.lo.

Conn...,Il ond ..oriel 1....1 of inl••nal 1 kc a.cillolo. '0 .illhl
chonn.!.

No,mal - S.. blo.k d1oll.om, Figu.. 6.

l- R Null - Conn••l> InpUIl of adder ond .ub,.ader 10 in·
l..nol flud 1 kc 'OU'.'.

L+ R Null - Cann••Il odder ond .ubl.a.te. inpull 10 oppo.ite
poloril" .quol omplilud. inl..nol 1 h.

Sol - Connoel> inl..nol 1 h lOu,n 10 OU'pUI m.l.. 10 ..,
OUlpul fo' 7S k< d"io,ian.

l+ R - Inpu' .ignol. 110 Ih'O"lIh odd... 10 oulpul; all .1•• off;
meler 100%.

19 KC _ PilOI on onl,; m"., colibroled 6.10%, ..I 1',101 1 1.

38 KC - S"beorri.. on ani,. mel.. 0-10% '0 bolon.....beo"i .
l-R-Pilol on; l+R off. m.... 100%. inpul. connoeled ,

l-RIIOin.
MULTIPLEX - All on; no.mol ap••olion.

Adi...Il .,".m _'pul.

Adiu," te..el 0' pilol ..,,,ior.

Fino bolo"". odi".I....nl for mod"IoIOf.
Adj"". goin of L_ R chonn.l.

So.. el....i..,l "'0 of O"'pul pool< volt"",'e,.

FRONT PANEL CONTROLS

NORMAL·R~VERSE

PREEMPHASIS

He

MATRIX

MODE

MUlTlPUX OUTPUT

PltOT lEVEl

SCREWDRIVER ADJUSTMENTS

MODULATOR IALANCE
l-R GAIN

"'0

OSSC
MODUL. ... TDR

CONTROLS

INPUTS PROVIDED

1911C
REFEREJlfCE

sell. INPUT

The chan shown in Figure 6 listS the
comrols provided and Ihe fuOctiOllS

Separate left and righl inputS of nearly
idendClI phase and frequency response
are provided. 1.7 volts rms typically is
required in left only or right only for
45% of system deviation. The input
impedance is 10 k ohms. In addition, an
input is provided for an FM subcarrier
generator to simulate the SCA signals
with which receivers may have to deaL
This requires 1.0 rms volts into 10 k
ohms, for 10% of system deviation.

It should be noted that the 21911. is.
particularly easy to usc with a BRC
202E, since audio frequencies from 50
cps to 10 kc, in several steps, may be
supplied from the internal modulating
oscillator of the 202E. In addition, a
stable, balanced source of I kc is avail·
able inside the 21911.. A normal·reverse
switch is provided on the 21911. panel to
permit either of these twO oscillators to
be connected to the Ldt and Right
channels. Thus, different frequencies
ate supplied for testing Ihe tWO chan
nels, and the variable frequency oscil
lalOr in Ihe 202E can be used for fidel
ity measurementS from 50 cps 10 10 kc.
Obviously, an CXII:mIlJ audio oscill3.lor
of any suirablc Iype may also be used.
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to provide 75 kc deviation. After that, 
if the output level control is not dis- 
turbed, the 2 19A will supply the proper - relative levels of other signals which 
make up the multiplex spectrum. 

Three screwdriver controls are pro- 
vided: One permits adjustment of the 
suppressed carrier modulator amplitude 
balance, which although very stable, may 
experience changes from time to time 
as the tubes age differentially. Another, 
an L - R gain balance control, is pro- 
vided for the same reason. The third 
control permits electrical zeroing of the 
output meter. 

SPECIFICATIONS 

Following are the detailed perform- 
ance specifications of the 219A. When 
used with a BRC 202E, the combination 
accurately simulates an FM broadcasting 
station of superior performance to that 
recified in FCC Docket 13506. 

W 

~~ ~~ ~~ 

modulator which transmits the L-R 
signal. The circuit used is shown in block 
diagram form in Figure 7. It uses four 
vacuum tubes biased to maximize the 
second order coefficient in the power 
series representing the plate current as 
a function of grid cathode voltage. In 
this circuit a balance of the 38 kc car- 
rier is achieved which is more than 
60 db below the fundamental compo- 
nents of plate current. In addition, ex- 
cellent balance of the baseband audio 
signals from SO cps to 15,000 cps* i s  
achieved. As the modulator generates 
the desired sidebands by means of the 
second order coefficient, it should be 
expected rhat fairly large second har- 
monics of both the baseband and the 
carrier would be generated. This is true 
for the basic modulator involving the 
pair of tubes shown in the left of the 
diagram. The subcarrier second harmonic 
at 76 kc is far enough removed from the 
desired outmt mectrum to be easily 

baseband. This second harmonic is com- 
bined with the basic modulator output 
by means of the difference amplifier 
shown in the diagram, to produce a 
bucking baseband second harmonic out- 
put. The combined output baseband 
second harmonic is considerably more 
than 40 db below the desired sideband 
at 90% modulation. 

As a result of this choice of modulator, 
an extremely stable circuit is provided 
which needs little output filtering. The 
baseband and carrier signals are supplied 
at  low level and very low impedance, 
thus minimizing interaction and provid- 
ing for extremely flat frequency and 
phase response, since no transformers 
need be involved in the broad band cir- 
cuits. However, if the subcarrier signal 
source were rich in harmonics, unwanted 
outputs would result which could be only 
partially eliminated by a complex filter 
in the output of the modulator. 

This problem has been greatly mini- 
Input Characteristics 

LEFT (AND RIGHT) INPUT 
Frequency Range: 50 cps to  15 kc 
Level: 1.7 volts rms Left (or  Right) only gives 45% 

output; simultaneous inputs yield 90% system 
deviation. 

Impedance: 10 k ohms 
Preemphasis 75 psec. : May be switched in or out. 
SUBSIDIARY COMMUNICATIONS (SCA) INPUT 
Frequency Range: 20-75 kc. 
Level: 1.0 volts rms for 10% system deviation, typically. 
Impedance: 10 k ohms 

Frequency: 1 kc 
Accuracy: ?lo% 
Distortion: < l %  
Connections : Switchable into Left or Right Inputs 
Output Characteristics 

Level: 0 to  7.5 volts peak of Multiplex Signal. 
Load Impedance: Not less than 1500 ohms shunted with 

not more than 200 ppf 
Residual Hum and Noise: 60 db o r  more below 100% 

output 
Metering: 

Modulating Oscillator Characteristics 

Range: O - l O % ,  0-1007O 
Accuracy: 2 2 %  of full scale 

Matrix : 
Normal: Output as selected by Output Mode 

Switch 
L + R  Null: Left input equals - (Right) in- 

put for internal 1 kc oscillator 
onlv. 

CIRCUIT DETAILS 

There are several novel circuits which 
permit the 219A to be stable and pre- 
cise in its performance. A major factor 
in the design of such an instrument is 
the double sideband suppressed carrier ii 

- ,  

L-R Null: Left input equals right input for 

Output Modes: Switchable t o  Set, L+R, 19 kc, 38 kc, 

PILOT CARRIER 
Frequency: 19 kc 
Accuracy: -~ .01% 
Level : 0-30% of System Deviation. 
MONAURAL (L+R) 
Level : 0 to  100 

‘”Fidelity: &l db from 50 cps t o  15 kc 
“Distortion: <I% 
+measured at 45% System Deviation 

internal 1 kc oscillator only. 

L - R, and Multiplex 

DOUBLE SIDEBAND SUPPRESSED CARRIER (1- R) 
Carrier Suppression : < 1/2 % System Deviation 
Level : 0 to  100 % 

+Distortion: <1% 
“measured at 45y0 System Deviation 
SUBSIDIARY COMMUNICATIONS (SCA) 
Level : 0 to  20 % System Deviation 
Fidelity: 20 to 75 kc k0.5 db 

Level : 0.5 volts rms Typical 

Mounting: Cabinet for  bench use; readily adaptable f o r  

Dimensions: Height 5%2’’, Width 16% ”, Depth 10 3/s ‘’ 
POWER REQUIREMENTS 
105-125 volts, 60 cps, 130 watts 

19 KC SYNCHRONIZING SIGNAL 

PHYSICAL CHARACTERISTICS 

19” rack mounting 

filtered out. However, the second har- 
monic of the baseband above 11.5 kc 
falls within the desired output spectrum 
of the modulator and therefore is not 
filterable. The second pair of tubes 
shown in Figure 7 corrects this problem 
by generating a second harmonic of the 

mized by the use of a high purity 38 kc 
oscillator of the amplitude stabilized 
variety. This oscillator has high phase 
stability which is directly controlled by 
the second harmonic of a highly stable 
19 kc crystal oscillator. A schematic of 
this circuit is shown in Figure 8. While 

5 

THE NOTEBOOK

ro provide 75 kc deviation. After that,
if the output level control is not dis
turbed, the 219A wil! supply dle proper
relative levels of other signals which
make up the multiplex spectrum.

Three screwdriver controls are pro
vided: One permits adjusnnenr of the
suppressed carrier modulator amplitude
balance, which nhhough very stable, may
experience changes frol11 time w cime
as the tubes age differentially. Another,
an L - R gain balance control, is pro
vided for the same reason. The thirq
control petmits electrical zeroing of the
Output meter.

SPECIFICATIONS

Following are chI" detailed perform
ance specifications of the 219A. When
used with a BRC 202E, rhe combination
accurately simulates an FM broadcasting
station of superior performance to that
specified in FCC Docket 13506.

modulator which trnnsmits the L- R
signal. TIle circuit used is shown in block
diagrnm form in Figure 7. It uses four
vacuum tubes biased w maximize the
S(."Cond order coefficient in the power
series representing chI" pl:tte current as
a function of grid carhode voltage. In
this circuit a balance of the 38 kc car
rier is achieved which is more than
60 db below the fundamental compo
nenrs of plate currenr. 1n addition, ex
cdlent balance of the baseband audio
signals from 50 cps to 15,000 cps' .is

. achieved. As the modulator generateS
the desired sidebands by means of the
second order coefficient, it should be
expected that fairly large second har
monics of both the baseband and the
carrier would be generatcd. This is tcue
for the basic modularor involving the
pair of rubes shown in the Idr of the
diagram. The subcarrier second harmonic
at 76 kc is far enough removed from the
desired ourpur spectrum to be easily

baseband. TIlis second hatmonic is com·
bined with the basic modulamr outpUt
by means of the difference amplifier
shown in the diagram, to produce a
bucking baseband second harmonic Out
put. TIle combined OutpUt baseband
second harmonic is considerably more
than 40 db below the desircd sideband
at 90% modulation.

As a result of this choice of modulator,
an extremely srable circuit is provided
which needs little Output filtering. "nle
baseband and carrier signals are supplied
at low level and very low impedance,
thus minimizing interaction and provid·
ing for extremely flat frequency and
phase response, since no transformers
need be involved in the brood band cir
cuits. However, if Ihe subcarrier signal
source were tich in harmonics, unwanted
OutpUts would result which could be only
partially eliminated by a complex filter
in tbe OUtput of the modulator.

TIlis problem has been greatly mini-

POWER ~EQUIREMENTS

105-125 volts, GO cps, 130 watts

16%", Depth 10%"

\'eudily adaptable for

Left input equals right input for
internal I kc oscillator only.

Switchable to Set, r.+R, IV kc, 38 kc,
L-R, and Multiplex

L-R Nu\]:

Output Modes:

PILOT CARRIER
Frequency: 19 ke
Aecul'/!.cy: ±.Ol%
Level: 0-30% of System Deviation.

MONAURAL (t+ R)

Level: 0 to 100'7,
• Fidelity: ± 1 db from 50 cps to 15 kc
-Distortion: <1 '/.
~mcasured at 45'fr System Deviation

OOUBlE SIOEBAND SUPP~ESSED CA~~IER (L_~)

Carrier Suppression: <'h'lo System Deviation
Level: 0 to 100'70

-Distortion: <1'7~

·measured ILt 45% System Deviation

SUBSIDIARY COMMUNICATIONS (SCA)
Level: 0 to 20'/~ System Deviation
Fidelity: 20 to 75 kc ±0.5 db

19 ICC SYNCHRONIZING SIGNAL

Level: 0.5 volts rms Typical

PHYSICAL CHARACTE~ISTICS

Mounting: Cabinet for bench use;
19" l'aek mounting

Dimensions: I'leight 5%~", Width

Range: 0-10%,0-100%
Accuracy: ±2'1o of full scale

Normal: Output as seleded by Output Mode
Switch

L+R Null: Left input equals - (Right) in
put for internal 1 kc oscillator
only.

Modulating O"ill"to. Cho,,,<te,is.'<'

Frequency: 1 kc
Accuracy: ±IO'!o
Distortion: <1%
Connections: Switchable into Left or Right Inputs

Matrix:

LEFT (ANO RIGHT) INPUT

Frequency Range: 50 cps to 15 ke
Level: 1.7 volls rms Left (or Right) only gives 45'/..

output; simultaneous inputs yield 90'70 system
deviation.

Impedance: 10 k ohms
Pl'eemphasis 75 I'-sec.: May be switched in or out.

SUBSIDIARY COMMUNICATIONS (SCA) INPUT
Frequency Range: 20-75 kc.
Level: 1.0 volts rms fOl' 10% system deviation, typically.
Impedance: 10 k ohms

Input Cho,octe,i.tics

Metering:

Output Ch"",<te,ist;cs

Level: 0 to 7.5 volts Ilcak of Multiplex Signal.
Load Impedance: Not less than 1500 ohms lIhunted with

not more than 200 I'-I'-I

Residual Hum and Noise: 60 db or more below 100%
output

CIRCUIT DETAILS

There are several novel circuits which
permit the 219A to be stable and pre
cise in its performance. A major factOr
in rhe design of sudl an instrument is
the double sideband suppressed carrier

filtered OUt. However, the Second har
monic of the baseband above 115 kc
falls within the desired Output spectrum
of the mooulatOr and thetefore is nOt
filterable. Tht' S<.>cond pair of rubes
shown in Figure 7 corrects this problem
by generating a second harmonic of the

mized by the usc of a high purity 38 kc
oscillator of the amplitude stabilized
variety. This oscillaror has high phase
stability which is directly controlled by
the second harmonic of a highly stable
19 kc crystal oscillator. A schematic of
this circuit is shown in Figure 8. \X1hile
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amplitude stabilized oscillators have been 
well known in the art, this is a simple, 
effective circuit of high stability which 
fits in nicely with the modulator pre- 
viously described. 

To avoid the use of expensive broad- 
band phase linear transformers in the 
adders and subtractors, sum and differ- 
ence amplifier circuits were used. The 
difference amplifier shown in Figure 9 
maintains its discrimination against 
common mode signals by 60 db or more 
for a wide range of voltages and tube 
characteristics. It is used in two places 
in the 2 19A, as may be seen by reference 
to the block diagram (Figure 5 ) .  One 
use is for the initial subtraction of the 
Left and Right signals in the early por- 
tion of the block diagram. In addition, 
it is used in place of a broadband phase 
linear transformer to subtract the second 
harmonic contribution of the balance 
modulator from the main modulated 
signal source as described above. 

The use of the phase-locked oscillator 
provides a high degree of phase stability 
and at the same time has great freedom 
from unwanted phase modulation effects, 
thus providing a high degree of phase 
stability between the pilot carrier and 
the suppressed carrier. 

TESTS WHICH CAN BE PERFORMED 
WITH THE BRC 219A 

Reference to Figure 10 shows the 
219A being used in conjunction with 
the BRC 202E FM Signal Generator for 
receiver testing. It has been pointed 
out that this combination represents an 
extremely versatile self-contained pack- 
age for receiver testing. Obviously, the 
219A may be used by itself for direct 
testing of a multiplex adapter as it sup- 
plies up to 7.5 volts peak of composite 
output into load impedances as low as 
1500 ohms. It is obvious that the combi- 
nation of these two instruments will 
enable many receiver test and alignment 
functions to be carried out expeditiously. 
While the following description will 
cover those tests which may be made 
on a completed FM stereo receiver, by 
deletion of the reference to the RF por- 
tion of the system, many of these tests 
may be performed directly on a multi-' 
plex adapter. 

Stereo Separation and 
Matrix Adjustment 

This is, of course, one of the major 
characteristics of a stereo system and 
will receive much attention from re- 
ceiver designers and servicemen. It is a 

i 0 " I  

t 
DIFFERENCE 
AMPLIFIER 

C A R R I E R  
E , s i n w c t  

9 B A S E B A N D  
E b S i " w b t  

i, contains the following terms: 

C,E,E,, Eos ( W ~ - W , , )  t-cos (o,+o,,) c l  desired output 

C2E,2 

2 
-sin 2 ~ , t  undesired carrier second harmonic 

C,%2 
-sin 2 mI,t undesired baseband second harmonic 

2 

C2Eb2 
i, contains only - sin 2 wbt 

2 

iOut=i, - i,, thus cancelling undesired baseband second harmoncc 

Figure 7. Block Diagram - Double Sideband 

Typical 38 kc power output 0.05 mw 
76 kc down > 45 db 

114 kc down > 70 db 
152 kc down > 75 db 

Figure 8. io, Distortion Amplitude Stabilized 
Oscillator 

simple matter to make these measure- 
ments at 1 kc since no external audio 
signal generators are required, nor are 
any external connections needed, ocher 
than the connection of the 219A to the 
FM generator or to the multiplex adapter. 

In order to make this test, the matrix 
switch is placed in the normal position, 
the 1 kc oscillator is turned on, and the 
mode switch set to L+R. The amplitude 
of the 1 kc output is adjusted for 45% 
on the meter, and the mode switch is 
moved to the multiplex position. Under 
these conditions, a right only signal is 
being fed through the system. If the 
receiver has not been previously aligned, 
the matrix adjustments may be made 
for maximum 1 kc in the Right channel 
and minimum 1 kc in the Left channel. 
When the normal-reverse switch on the 
219A is set to the reverse position, the 
reverse situation will be true, and the 

stereo separation and receiver outputs 
may be measured at 1 kc. 

If this information is desired at dif: 
ferent frequencies, the internal 1 kc os- 
cillator may be turned off and connec- 
tion may be made between the AM 
terminals of the BRC 202E and the Left 
input terminals of the 219A using a 
special cable with a variable attenuator. 
Under these conditions, with the normal- 
reverse switch in the normal position, 
signal output will appear in the Left 
channel. The proper level may be set to 
correspond to 45% system deviation by 
again switching to the L + R  position 
and adjusting the input signal level for 
45%. Of course, this measurement may 
be made at other levels simply by adjust- 
ing the audio input level as required. 

~ 

Electrical Fidelity 

With the setup as described above, 
and by varying the frequency of the 
BRC 202E audio oscillator, it is possible 
to quickly determine the electrical fidel- 
ity between 50 and 10,000 cps of the 
receiver circuits. A simple output meter 
of adequate frequency response is the 
only additional equipment required. An 
external AF oscillator is required for 
measurement from 10 kc to 15 kc. 

L +R - L -R Crosstalk 4 

When the matrix switch is placed in 
the L-R null position, the Left and 
Right inputs are connected together to 
the internal 1 kc signal source. This 
should produce little or no signal to thc 
input of the double sideband suppressed 
carrier modulator. Under these condi- 
tions, little output should come from 
the subcarrier detector in the multiplex 
device. Using this connection, and vary- 
ing the RF signal level by adjusting the 
attenuator of the 202E, will show if 
overload effects from the receiver or the 
multiplex circuitry are occurring which 
would cause crosstalk prior to demodula- 
tion of the monaural and stereo signals. 

NON-STANDARD 
SIGNAL MAKEUP 

By manipulation of the pilot carrier 
level knob, non-standard levels of pilot 
carrier may be adjusted from 0 to about 
30% of system deviation. The meter, 
in the 19 kc mode switch position, is 
calibrated from 6 to 10% only in the 
interest of maximum readability for the 
standard setting of the pilot carrier. , ~ 

Larger levels of pilot carrier may be 
metered by placing the.mode switch in d' 
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ligur. 7. Block Di"g,,,m - D"ubl. Sid.b"na
Supp,,,...d Cotti., ModulofO'

NON·STANDARD
SIGNAL MAKEUP

Electrical Fidelity

\Vith the setup as described ahove,
and by varying the fre<:juency of the
DRC 202E audio oscillator, it is possible
to quickly determine the electrical fidel
ity between 50 and 10,000 cps of the
receiver circuits. A simple output meter
of ade<:juate frequency response is th"
only additional e<:juipment required. An
external AF oscillator is required for
measurement from 10 kc to 15 kc.

stereo separation and receiver OutputS
may be measured at I kc.

If this information is desired at dif
ferem frequencies, the it1ternal I kc os
cillator may be turned off and connec
tion may be made between the AM
terminals of the BRC 202E and the Left
input terminals of the 219A using a
special cable with a variable attenuatOr.
Under these conditions, with the normal
reverse switch in the normal position,
signal output will appear in the left
channel. The proper level may be set to
correspond to 45% system deviation by
again switching to the L+ R posirion
and adjusting the input signal level for
45%. Of course, this measurement may
be made at other levels simply by adjust
ing the audio inpur level as required.

L+R- L-R Cross'alk

When the mlltrix switch is placed III

the L - R null position, the Left and
Righr inputs arc connected tOgether to
the internal 1 kc signal source. 111is
should produce Iirtle or no signal to the
inpur of the double sideband supptessed
carrier modulator. Under these condi
tions, little OUtput should come from
the ~ubcarrier detl'ctor in the multiplex
device. Using this connection, and vary
ing the RF signal level by adjusting the
attenuator of the 202E, will show if
overload effects from the receiver or the
multiplex circuitry ar" occurring which
would cause crosstalk prior to demodula
tion of the monaural and stereo signals.

Dr manipulation of the pilot carrier
level knob, non-standard levels of pilot
carrier may be adjusted from 0 to about
30% of sy.stem deviation. The meter,
in the 19 kc mode switch position, is
calibrated from 6 to 10% only in the
inter~st of maximum r"adability for the
standard setting of the pilot catrier.
Larger levels of pilot carrier may be
metered by placing the. mode switch in
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1'2 kcdown>75 db

lig,,,. 8. Low D;o'o"ion Amplifud. S'obj'i.....
OKilla'o,

simple matter to make thest· measure
mems at 1 kc since no external audio
signal generatOtS are required, nor are
any external connections needed, mher
than th" connection of the 219A to th"
FM generator or to the multiplex adapter.

In order to make this test, the matrix
swirch is placed in the normal position,
the I kc oscillator is wrned on, and the
mode switch ser to l.+R. The amplitude
of the] kc output is adjusred for 45%
on the meter, and the mode switch is
moved to the multiplex position. Under
thcse conditions, a righr only signal is
being fd through rhe system. If the
receiver has not been previously aligned,
the matrix adjllstm"ms may be made
for maximum I kc in the Righr channel
and minimum I kc in the Lefc channel.
\Vhen the normal-reverse switch on the
219A is set to the reverse position, th"
reverse situation will be true, and the

amplitude stabilized oscillatOrs have been
well known in the an, this is a simple,
effective drcuit of high stability which
fits in nicely with the mooulawr pre
viously described.

To avoid the use of expensive broad
band phase linear transformers in the
adders and subtracwrs, sum and differ
ence amplifier circuits were used. The
difference amplifier shown in Figure 9
maintains its discrimination against
common mooe signals by 60 db or more
for a wide range of voltages and mbe
characteristics. It is used in twO places
in rhe 219A, as may be seen by reference
to the block diagram (Figure 5). One
usc is for rhe inirial subtraction of the
Left and RighI signals ;n rhe early por
tion of the block diagram. In addition,
it is used in plac" of a broadband phase
linear tr:lllsformer to subtract lIle sc<:ond
harmonic Contribution of rhe balance
modu!:l!or from Ihe main moou1ared
signal source as dl"SCfibe<! above.

The use of rhe phase-locked oscillatOr
provides a high degree of phase stability
and ar rhe same time has great freedom
(rom unwanted phase modulation effeCts,
rhus providing a high degree of phase
stability between the pilOt carrier and
the suppressed carrier.

TESTS WHICH CAN BE PERFORMED
WITH Hie BRC 219A

Reference to Figure 10 shows the
219A being used in conjuncrion with
the BRC 202E FM Signal Genet:ltOr for
n.>ceiver tesring. It has bt"Cn pointed
Out that this combination represents an
extremely vers."lrile self-conrainl'"<1 pack
age for receiver resting. Obviously, the
219A may be us"d by itself for direct
testing of a multiplex adapter as it sup
plies up to 75 volts peak of composite
Output into load impedances as low as
1500 ohms. Jr is obvious that the combi
n.:ttion of these twO instrumems will
en;lble many receiver teSt and alignmenr
functions to be carried OUt expeditiously.
While the following description will
cover those tests which may be made
on a complered FM swreo receiver, by
deletion of the reference to the RF por
rion of the system, many of these tesrs
may be performed directly on a multi:
plex ad.:tpter.

Stereo SeparCJtion and
MCJtrix Adjustment

This is, of course, one of the major
characteristics of a stereo system and
will receive much attemion from re
(('iver designers and servicemen. It is a
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Figure 9. inherently .Balanced Difference 
Amplifier 

the L-R position with no audio input. 
As the 38 kc subcarrier is well nulled, 
the pilot carrier only causes, the meter 
to read. The pilot may then be set for 
the desired percentage of system devia- 
tion as read on the 0-100% system devi- 
ation meter scale. When the mode switch 

Figure 10. Type 219A and Type 202E Iniercon- 
nected for Receiver Testing 
is returned to the multiplex position, 
the desired excess pilot carrier will be 
present, and tests may be run. 

Screwdriver adjustment for the L-R 
gain provides a range of 2 1 0  db of 
L-R relative to L + R  gain. 

SUMMARY 

From the preceding, it may be seen 
that the BRC 219A is a source of FM 
stereo multiplex baseband signals of con- 
siderable flexibility and involving some 
novel circuits in the interests of good 
performance and high stability. It should 
be re-emphasized that the combination 
of the 219A and the BRC 202E give the 
customer modulated RF stereo multiplex 
signals of a quality better than the FCC 
specification and in packages that are 
designed for stability of calibration, ease 
of control, and long life. The writer is 
indebted to W. N. Frick and R. W. 
Houskamp who contributed greatly to 
the design of this instrument. 

BRC IN FULL SWING 
I /  AT NEW 

Boonton Radio Corporation is happy 
to announce that it is now situated in 
its new plant and offices, and that oper- 
ation is again in full swing. The new 
facilities are located on a 70-acre site, 
near the recently completed Route 80 
in Rockaway, New Jersey; approxi- 
mately 7 miles from the old plant site. 
An announcement of the new plant 
address, telephone number, and mailing 
address is given on the first page of 
this issue. It should be noted that the 
Company is retaining the Boonton 
mailing address. 

The administrative offices and engi- 
neering laboratory and the production 
sections of the building are intercon- 
nected at the upper level by a secticin 
which houses a cafeteria area and the 
model shop. This section acts as a buf- 
fer between the office and production 
areas. - 

PLANT 

The building is of ultra-modern de- 
sign with exterior walls of precast 
concrete and glass. The exterior walls 
of the pffice area are constructed almost 
entirely of tinted glass. These walls are 
recessed below the walls of the upper 
level, the overhanging upper level form- 
ing protection for a promenade which 
extends around the entire lower 
level. The recessed walls and the 
tinted glass provide protection against 
direct sunlight. 

Our new plant is completely air con- 
ditioned and is equipped with the 
latest in production and laboratory 
equipment. Among some of the new 
facilities are a completely equipped 
plating room, a paint shop, and a cafe- 
teria area. All of the other facilities 
have been enlarged and modernized. 

The plant is designed on a modu- 
lator basis to allow for future expansion. 
The unit now completed provides 
60,000 square feet, or more than twice 
the area available in the old plant. 
Ultimate expansion calls for four modu- 
lar units which will provide 320,000 
square feet of working and storage area. 

A series of articles about our new 
plant will be published in future issues 
of the Notebook. 

SERVICE NOTE 
Adjustment of Q Dial lock 
Tension on the Type 280-A 
It is possible that, after prolonged 

use, the HIGH CIRCUIT Q and CIR- 
CUIT Q dial locking mechanisms on the 
Type 280-A UHF Q Meter will require 
adjustment. To adjust the dial lock 
mechanisms proceed as follows. 
1. Using a No. 8 Allen wrench, remove 
the two setscrews that fasten the Q dial 
control knob to the control shaft. 

NOTE: The procedure is the same 
for both the HIGH CIR- 
CUIT Q and CIRCUIT Q 
dial lock mechanisms. 

2. Lock the Q dial with the Q lock 
control. 
3. Using a No. 4 Allen wrench, loosen 
the setscrew on the Q dial locking 
collar. 
4. Turn the locking collar clockwise 
to remove all tension on the collar. 
5. Turn the collar clockwise until it 
is just finger tight, then continue rota- 
tion for an additional 135' or about 
3/8 of a complete revolution. 
6. Tighten the setscrew on the lock- 
ing collar. 
7. Replace the Q dial control knob 
and tighten the two setscrews. 
8. Check the operation of the Q dial 
wtih the dial locked and unlocked. 
Operation should be smooth and posi- 
tive. There should be no slippage with 
rapid movements of the Q dial in 
either direction. 

LAHANA & CO. APPOINTED BRC 
SALES REPRESENTATIVE 

Boonton Radio Corporation is pleased 
to announce the appointment of Lahana 
& Company as exclusive sales repre- 
sentatives for BRC in Colorado, eastern 
Montana, Utah, and Wyoming. 
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BRC IN FULL SWING
AT NEW PLANT

LAHANA & CO. APPOINTED BRC
SALES REPRESENTATIVE

Boonton Radio Corporarion is pleased
to announce the appoimmem of Lahana
& Comp:my as cxclusive sales repre
sematives for BRC in Colorado, eaStern
Montana, Utah, and Wyoming.

Our new plam is completely air con
ditioned and is equipped with the
latest in production and laboratory
equipmem. Among some of the new
facilities are a completely equipped
platin,g room, a paim shop, and a cafe
teria area. All of the other facilities
have been enlarged and modernized.

The plam is designed on a modu
lator basis to allow for future expansion.
The unit now completed provides
60,000 square feer, or more than twice
the area available in the old plam.
Ultimate expansion calls for four modu
lar units which will provide 320,000
square feet of working and Storage area.

A series of articles about our new
plam will be published in future issues
of the NoteOOok.

SERVICE NOTE
Adjustment of Q Dial lock
Tension on the Type 280·A
It is possible thar, after prolonged

use, the HIGH CIRCUIT Q and CIR·
CUlT Q dial locking me<:hanisms on the
Type 280-A UHF Q Mcter will require
adjustment. To adjust the dial lock
mechanisms proceed as follows.
I. Using a No.8 AlIcn wrench, remove
the twO setscrews that fasten the Q dial
contra! knob to the control shaft.

NOTE; The procedure is the same
for both tbe HIGH CIR
CUIT Q and CIRCUIT Q
dial lock mechanisms.

2. Lock the Q dial with the Q lock
COntrol.
3. Using a No.4 Allen wrench, loosen
the setscrew on the Q dial locking
collar.
4. Turn the locking collar clockwise
to rcmove all tension on the collar.
5. Turn the collar clockwise until it
is just finger tight, then cominue rora·
tion for an additional 135° or about
3/8 of a complete revolution.
6. Tighten the setSCrew on the lock
ing collar.
7. Replace the Q dial COntrOl knob
and tighten the tWO setscrews.
R. Check the operation of the Q dial
wtih the dial locked and unlocked.
Operation should be smooth and posi·
tive. There should be no slippage with
rapid movements of the Q dial in
either direction.

SUMMARY

From the pre<:eding, it may be seen
thar the BRC 2[9A is a source of FM
stereo multiplex baseband signals of con
siderable flexibility and involving some
novel circuits in the imerescs of good
performance and high srability. It should
be re-emphasized that the combination
of the 219A and the BRC 202E give the
customer modulated RF stereo mulciplex
signals of a quality better than the FCC
spedfication and in packages thac are
designed for stability of calibration, ease
of control, and long life. The writer is
indebted to W. N. Frick and R. W.
Houskamp who contributed greatly to
the design of this instrument.

The building is of ultra-modern de
sign with exterior walls of pre-cast
concrete and glass. The exterior walls
of thc office area are constructed almost
emirely of timed glass. These walls are
recessed below the walls of the upper
level, the overhanging upper level form
ing protection for a promenade which
extends around the emire lower
level. The recessed walls and the
timed glass provide prote<:tion against
dire<:t sunlight.

I

Flgu,.. 10. T~,.. 219A a"d T~p.. 202E I",.. ,<a,,_
",,<,..d la, 11 ..<..;..., reOl;"9
is returned to the multiplex position,
rhe desired exccss pilot carrier will be
present, and tCStS may be run.

Screwdriver adjustmem for rhe L-R
gain provides a range of ± 10 db of
L-R relative co L+R gain.

Balance occurs when:

irPI»I'~

Fi9U'.. ,. I"~.., ..,,II~ ·8ala",eJ Dm.., ..",..
Amplili.. ,

but gml '1'1 =f'1

I'l-f'~ gmt

soRM ---

p~r,'1 f'~

1
gm l =I'~ (--+Rk)

'"
gm1 1 gmlrl'I-I'~

orR~=-----

I'~ r l •l 1'~'I.l

the L-R position with no audio input.
As the 38 kc subcarrier is well nulled,
che pilot carrier only causes' the meter
to read. 1111.' pilot may then be set for
the desired percenroge of system devia
tion as read on the 0-100% syscem devi
arion meter scale. \Vhen the mode switch

Boonton Radio Corporation is happy
to announce that it is now situated in
its new plam and offices, and thar oper
ation is again in full swing. The new
facilities are located on a 70-acre site,
ncar the re<:endy completed Route 80
in Rockaway, New Jersey; approxi
mately 7 miles from the old plant site.
An announcement of the new plant
address, telephone number, and mailing
address is given on the first page of
this issue. It should be noted that the
Company is retaining the Boomon
mailing address.

The administrative offices and engi
neering laboratory and the production
sections of the building are intercon
nected at the upper level by a seuian
which houses a cafeteria area and the
model shop. This section acts as a buf
fer becween rhe office and production
areas.
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EDITOR'S NOTE 

BRC Expands 
Sales Engineering Staff 

W e  are pleased to report that BRC 
has recently expanded its sales engi- 
neering staff. This is in step with BRCs 
overall expansion program, which in 
recent weeks has seen the completion of 
a new plant providing vastly improved 
engineering and production facilities. 
This increase i n  the sales engineering 
staff was made to improve service, not 
only to direct sales customers, but to all 
of our customers, through our sales 
engineering representatives around the 
world. 

Most of our readers already know 
the BRC sales engineers: Charles W 
"Chuclc" Quinn was introduced in Note- 
book 22; Willard J. "Will" Cerney's 
biography appeared in Notebook 25; 
and a story on Hans H. Schlott was 
published in Notebook 29. In addition 
to handling sales in our local area, 
Chuck, Will, and Hans are responsible 
for aiding in the development of new 

applications; handling the introduction 
and initial evaluation of new products; 
participating in sales exhibitions, semi- 
nars, and meetings; and contributing to 
the BRC Notebook, BRC Bulletin, and 
other publications. 

To better organize our sales service, 
we have split our local area into three 
territories: Chuck handles New Jersey 
and Eastern Pennsylvania; Hans covers 
the Metropolitan New York area; and 
Will has been assigned to the Metro- 
politan Philadelphia, Baltimore, and 
Washington, D.C. areas. While our sales' 
engineers still make their headquarters 
at the plant, they regularly tour their 

ALBUQUERQUE, New Mexico 
NEELY ENTERPRISES 
6501 Lomas Blvd., N.E. 
Telephone: 255-5586 
TWX: AQ-172 

DENVER 10, Colorado 
LAHANA & COMPANY 
1886 South Broadway 
Telephone: PEorl 3-3791 
TWX: DN 676 

ATLANTA, Georgia DETROIT 35, Michigan 
BlVlNS & CALDWELL, INC. 
31 10 Maple Drive, N.E. 
Tel. Atlanta, Georgia 233-1 141 
TWX: AT 987 

S. STERLING COMPANY 
15310 W. McNichols Rd. 
Telephone: BRoadway 3-2900 
TWX: DE 1141 

10s ANGELES, &- California 

NEELY ENTERPRISES 
3939 Lankershirn Blvd. 
North Hollywood, California 
Telephone: TRianale 7-1282 
TWX: N-HOL 7133 

BINGHAMTON, New York 
E. A. OSSMANN & ASSOC., INC. 
149 Front Street 
Vestal, New York 
Telephone: STillwell 5-0296 
TWX: ENDICOTT NY 84 

BOONTON RADIO CORPORATION 
50 Intervole Road 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

INSTRUMENT ASSOCIATES 
30 Pork Avenue 

BOONTON, New Jersey 

BOSTON, Massachusetts 

Arlington, Moss. 
Telephone: Mlssion 8-2922 
TWX: ARL MASS 253 

CHICAGO 45, Illinois 
CROSSLEY ASSOC., INC. 
2501 W. Peterson Ave. 
Telephone: BRoadway 5-1600 
TWX: CG508 

respective territories and, in case of an 
emergency, can generally be at a cus- 
tomer's door within hours. Old friends 
or new are encouraged to drop them a 
line or give them a call for applicatiod 
engineering assistance. 

Since most of our readers will be in 
touch with the BRC sales staff, at one 
time or another, we would like to take 
this opportunity to introduce the entire 
group. In the photograph, from left to 
right, are: front row; Marion A. Der- 
rico, Domestic Order Processing; Evelyn 
D. LaHart, Export Order Processing; 
second row, Eleanor D. Matschke, Liter- 
ature Requests; Grace L. Stone, Secretary 
to Sales Manager; Willard J. Cerney, 
Sales Engineer; back row, Frank P. Mon- 
tesion, Technical Editor; Charles W. 
Quinn, Sales Engineer; Harry J. Lang, 
Sales Manager; Hans H. Schlott, Re- 
gional Sales Manager; Harry A. Schmidt, 
Technical Writer; and Bruce A. Barnes, 
Sales Coordinator. 

All of these people are anxious to 
serve you. They may be reached by tele- 
phone at OAkwood 7-6400, or by TWX 
at Rockaway NJ  866. 

EL PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone: KEystone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHapel 6-5686 
TWX: HF 266 

HIGH POINT, Nor th  Carolina 
BlVlNS & CALDWELL, INC. 
1923 North Main Street 
Telephone: High Point 882-6873 
TWX: HIGH POINT NC 454 

HOUSTON 5, Texas 
EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: Mohawk 7-2407 
TWX: HO 967 

CLEVELAND 24, Ohio HUNTSVILLE, Alabama 
S. STERLING COMPANY 
5827 Moyfield Road Telephone: 534-5733 
Telephone: HlLLcrest 2-8080 
TWX: CV 372 

EARL LIPSCOMB ASSOCIATES 
3605 lnwood Road 
Telephone: FLeetwood 7-1881 
TWX: DL 411 

BlVlNS & CALDWELL, INC. 

(Direct line t o  Atlanta] 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC. 
5420 North College Avenue 
Telephone: CLifford 1-9255 
TWX: IP 545 

DALLAS 9, Texas 

DAYTON 79, Ohio 
CROSSLEY ASSOC., INC. 
2801 Far Hills Avenue 
Telephone: Axminster 9-3594 
TWX: DY 306 

LAS CRUCES, New Mexico 
NEELY ENTERPRISES 
114 South Water Street 
Teleohone: 526-2486 
TWX: LAS CRUCES N M  5851 

ORLANDO, Florida 
BIXINa,_&,C,2:DWELL, INC. 
P.-. I V n  -I-. 

601 N. Fern Creek Drive 
Telephone: CHerry 1.1091 
TWX: OR 7026 

OTTAWA 4. Ontario. Canada 
BAYLY ENGINEER~NG, LTD. 

BO Argyle Ave. 
Telephone: CEntral 2-9821 

PHOENIX, Arizona 
NEELY ENTERPRISES 
641 East Missouri Avenue 
Telephone: CRestwood 4-5431 
TWX: PX 483 

PITTSBURGH 27, Pennsylvania 
5. STERLING COMPANY 
4232 Brownsville Road 
Telephone: Tuxedo 4-5515 

ARVA. INC. 
1238 N.W. Glisen Street 
Telephone: CApital 2-7337 

BlVlNS & CALDWELL, INC. 
1219 High Point Avenue 
Telephone: ELgin 5-7931 
TWX: RH 586 

E. A. OSSMANN & ASSOC., INC. 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

SACRAMENTO, California 
NEELY ENTERPRISES 
1317 Fifteenth Street 
Telephone: Gllbert 2-8901 
TWX: SC 124 

LAHANA & COMPANY 
1482 Moior Street 
Telephone: Hunter 6-8166 
TWX: SU 586 

PORTLAND 9, Oregon 

RICHMOND 30, Virginia 

ROCHESTER 25, New York 

SALT LAKE CITY 75, Utah 

SAN FRANCISCO, California 
NEELY ENTERPRISES 
501 Laurel Street 
San Carlos, California 
Telephone: LYtell 1-2626 
TWX: S CAR-BEL 94 

SEATTLE 9, Washington 
ARVA, INC. 
1320 Prospect Street 
Telephone: MAin 2-0177 

SPOKANE 70, Washington 
ARVA, INC. 
East 127 Augusta Avenue 
Telephone: FAirfax 5-2557 

ST. PAUL 14, Minnesota 
CROSSLEY ASSOC., INC. 
842 Roymond Avenue 
Telephone: Mldway 6-7881 
TWX: ST P 1181 

SYRACUSE, New York 
E. A. OSSMAN & ASSOCIATES, INC. 
P. 0. Box 128 
101 Pickard Drive 
Telephone: Glenview 4-2462 
TWX: SS 355 

TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
Hunt Street, Ajax, Ontario, Canada 
Telephone: Aiax, WHitehall 2-1020 
(Toronto) 925-2126 

TUSCON, Arizona 
NEELY ENTERPRISES 
232 South Tuscon Blvd. 
Telephone: MAin 3-2564 
TWX: TS 5981 

VANCOUVER 9, B. C. Canada 
ARVA, INC. 
1624 West 3rd Avenue 
Telephone: REgent 6-6377 

BOONTON RADIO CORPORATION 
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EDITOR'S NOTE

BRC Expands
Sales Engineering Staff

We are pleased to report that BRC
has recently expanded its sales engi
neering stalC, This is in step with BRCs
overall expansion program, which in
recent weeks has seen (he completion of
a new plant providing vascly improved
engineering and production facilides.
This increase jn the sal~ engineering
sntff was made to improve service, not
only to direct sales cusromers, but to all
of our custOmers, through out sales
engineering rcpresentatives around the
world,

Most of our readers already know
thc BRC sales engineers: Charles W
"Chuck" Quinn was introduced in Note·
book 22; Willard J. "Will'" Cerney's
biography appeared in NOtebook 25;
and a Story on Hans H, SchlOtt was
published in Notcbook 29, In addidon
to handling sales in our local area,
Chuck, Will, and Hans are r~ponsible

for aiding in the development of new

a.pplications; handling the introduction
and initial evaluation of new produCtS;
panicipacing in sales exhibitions, semi
nars, and meetings; and cOlluihuting to
the BRC Notebook, BRC Bulletin, and
other publications.

To better organize our sales service,
wc ha...e split our local area into three
territories: Chuck handles New Jersey
and Eastern Pennsyl...ania; Hans co...ers
the Mctropolitan New York area; and
Will has been assigned to the Meuo
politan Philadelphia, Baltimore, and
Washington, D.C areas. While our sales'
engineers still make their headquarters
at the plant, they regularly tour their

respective territOries and, in Cl1SC of an
emergcncy, Cln generally be at a cus·
tomer's door within houn. Old friends
or new are encouraged to drop them a
line or give rnem a ca1I for application
engineering assWnce.

Since most oC our readers wiU be in
touch with the BRC sales staff, u one
time or another, we would like to take
this opporrunity to introduce the entire
group. In the photOgraph, from left to
right, are: Crom row; Marion A. Der
rico, Domestic Order Processing; E...elyn
D. LaHan, Export Ordcr Processing;
second row, Eleanor D. Matschke, Liter
ature Requests; Grace L StOne, Secretary
to &LIes Manager; Willard J. Cerney,
Sales Engineer; back row, Frank P. Mon
lesion, Technical Editor; Charles W.
Quinn, Sales Engineer; Harry J. lang,
Sales Manager; Hans H. Schlott, Re·
gional Sales Manager; Harry A. Schmidt,
Technical Writer; and Bruce A. Barnes,
Sales Coordinator.

All of these people are anxious to
ser...e you. They may be reached by tele
phone at OAkwood 7-6400, or by TWX
at Rockaway NJ 866.

SEATTlE 9, Wo.I>;nglon
AlVA, INC.
1320 ~,o.""ct Sir...
T.I.ph"",., MAin 2·0177

SPOKANE 10, W.. ,I>ing'on
AIVA,Il'lC.
E.... 127 AUjlu,'" A....n....
rol."hon., fA,rfo~ 5-2557

Sf. PAUl 14, Minn••olo
CIOSSLEY ASSoc., INC.
U2 lo,mond Av.......
T.lep/l_, Mldw", 6·7881
TWX, ST ~ n81

SYItACUS~,N.w Yo,~

f. A. OSSMAN & ASSOCIATES, IN<.
~. 0 ...... 128
101 ~i<k",d 0<1_
, ............' Glen... l.- ~·2442
IWX, SS U,

fOIONfO, Onlo";", Conoelo
....nY fNGINHIING, lTD.
H..... 50_, "'10., an_;.., e-cIo
I.~ Aja., WH....... rr 2·1lX!O
(l",,,,,,.,1925-2124

fUSCON, Afi.""o
NEHY fNYUPIUSES
232 s-th T",con B"'d.
T.""""""" M...1n J.2$64
TWX, TSml

VANCOUVflt 9, I. C. C"no""
AIVA.li'IC.
162~ W••l 3<-d A........
T.I""n-, IflJ'On. 44377

(I R·~~lJ.ed-
lOS "'NCEUS, Co/if......;o SAN DI~GO.C"Iifo"';"

NfUY lNTEURISES NEHY fNTUnlSl:S
:Jn9 l""........... 8lvd. 10S5 Sftoh_ St._
North HolI,wood. eal"......I" T.lephonet ACodoem, 3-1103
T.~ 11.....0'" 7·1212 TWlh SO 6315
TWlh N·HOL 7133

OltlANDO, florielo SAN fItANCISCO. Colif......;o
8IVINS" CALI)Wm, INC. ~flE~:...~~~~SES

:oy·,:ofo..~tl.... O<i.... Son C",1oo,. eatif"'n;o
le...........' CHerry 1_1091 T.lepn-, LYterr 1-2624
TWX, OR 7026 TWX, S CAI·'El 9~

OnAWA 4, OnlOfio, Conod"
8AllY fNGINEEIING, tTl).
80 .0.",1. A••.
",~"h"",., CEn" ..t 2·9821

/>HOfNIX, A,i.ono
NULY ENTERPRISES
"'I f"" MI ....u'l A....nu.
:~~~"f,h;X.~8Cr"W'''''d4-5~31

PI"S8U~GH 27, P.nn"I.on;o
S. STERLING COMPANY
~232 8fowno.lrr. ~""d
r.1""h_, TU~_ 4·5515

PORflAND 9. OregOn
........0., INC.
12311 l'l.W. GI..... 5....'
T.reoh-, CApitol 2·7337

RICHMOND 30, Virginio
'IVINS" CALDWElL. INC.
12" H"" 'oint Av......
T.~, H,;" 5-7931
TWX, IH SI6

.acHESfU 25, N.w Y....~
f. A. OSSMAl'lN .. Assoc., INC.
J3(1l .0._....
T , LUdlow ~.tO

TWX, ItO I"
SACIlAMENfO, C"/if......i,,

l'lUL Y fHTUnlSES
1317 fit_til 51,_
T.Ies:oh-, Grrbe<t 2-1fOi
TWX, SC 124

SALT LAItE ClfT IS, UI"I>
LAH"'NA .. COM' ANY
1..2 _i'" S" .
T.I""n-, HUn 6·'166
TWX, SU SI6

DETROIT 35, Micloi90n
S. STIIllNG COMPANY
15310 W. /ll\<N;.....I••d_
t.re""on., Uoodwo, 3·2900
twit, Of 1141

INDI...N...POlIS 20, Indtono
CItOSSUY ASSOC.. INC.
s.m North C'"''- A........
"''''''''''''''', CLiff",d 1_9U'
TWX, I' '-45

HOUSfON 5, fuo'
fARl LI~SCOMB ASSOCIATES
3125 R.dtmond Av..._
, ............' MOllowk 7·2407
TWX, ttO 967

HUNTSVillE, A/obo..."
8IVIl'lS" CAlDWHl, INC.
"''''''''''''''', S34-S733
COl'''' I..... '0 ...._!

~l PASO, h~".
fARl ll~SCOM' ASSOCIATES
no l'l"'lh Slon."", 5',,,,
T.I.phon., KE,• ....,. 2·nll

HARTfORD, Conn.dicul
INS1IUMtNT ASSOCIATES
734 A.,lum Av.nu.
T.I.phon., CH"".I 4·$684
TWX, Hf 266

LAS CItUC~S, N.w Muico
NHlT EH1fR~RISES

114 ScKnIt W"'.. 5_
Tel.,......"., 526·2486
TWX, lAS CRUCES NM j1151

AUUQUEIlQU~, N_ ""...ico
l'lEELY EH1n~RISU
MOl l_ II..... l'l.L
T.~255·~
TWX, ...Q-ln

AfUNTA, Georgi"
IIVINS & CALDWELl.. INC.
3110 Mapl. 0<1••, l'l.L
r.r. "'llon'", Ge<><sti" 733· I I~1
TWX, AT m

arNGH"'MfON, N.w Yo,1
f ..... OSSMANN " ASSOC" INC.
1~9 Fronl S., .
V..."I, ~w Y k
'.I."h"",., STillw.11 5·0296
TWX, El'lDICOn NY B4

800NfON, New J....y
8ool'lTOl'l RAI)IO COl~ORATlOl'l

50 Inl••v"l. Ro"d
T.I."hon., I)E.d'.ld ~·3200
TWX, BOONTOl'l NJ 866

80510N, M".."d'WH'"
Il'lSnUMENT ASSOCIATES
30 ~",k A........
Ar."n\l'on, M."•.
T........_, Ml..lon 8-2922
TWX, AIL MASS 2SJ

CHIC"'GO 4S, Winoi,
CItOSSLH ASSOC., INC.
2501 W. ~_..", Av•.
T............, lIt_o, .5-1600
TWX, CG50I

CUVrLAND U, Ol>io
S, STUlING COMI'Al'lY
$IV _-,field lood
T............, HILL..... 2·1l*)
TWX, CV J72

DAlLAS 9, f.~o.
E.UL LIPSCOMB ...SSOCIATES
~5 Inwood Rood
T............, fl_.wood 7_1"1
TWX, Dl ~1l

DAYfON If.Ol>io
CIOSSLn Assoc., INC.
nol f", Hill ....
Tel.........., AXm; _ 9-35U
twit, I)Y 306
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DESIGN OF AN IMPROVED FM-AM 
SIGNAL GENERATOR 

ARTHUR N. OATIS, Development Engineer 

alone imply that FM receivers for tele- 
metering purposes be capable of hand- 
ling higher modulation frequencies than 
they have in the past and, at the same 
time, provide for isolation of the more 
closely spaced subcarriers. It is impor- 
tant that the modulated carriers in such 
systems be free of extraneous sidebands 
in order to minimize crosstalk between 
adjacent subcarriers. Hence, the trans- 
mitters used in these systems are apt to 
have a highly linear FM characteristic 
(frequency vs. voltage characteristic). 
In the of FM signals for home 
entertai too, the importance of 
FM linearity is stronger than ever, now 
that we are faced with the closely spaced 
(L+R) and (L-R) stereo channels.’ 
The 202H and 202 

technicians associated with the function 
and/or development of such communi- 
cation systems. 

In view of the above considerations, 

. . .  11 YOU WILL FIND II 
Design of an Improved FM-AM Signal 

Generator ...................... 1 
External or “In Circuit“ Measurements 

on the UHF Q Meter .............. 4 
Service Note - Type 250-A RX Meter . 7 
BRC Dedicates N e w  P k n t  ............ 7 
Editor‘s Note ...................... 8 

figure F. Type 2021 Signal Generator 

BRC decided to concentrate its design 
effort on obtaining a linear modulation 
characteristic. Readers familiar with the 
202E and 202G, which these new in- 
struments replace, are aware that these 
instruments have an exceptionally stable 
FM characteristic. Since the 202 line has 
been much admired for this character- 
istic by communications en 
nearly fifteen years, it was decided to 
build on the same basic design rather 
than to embark on a new idea. Hence, 
the RF portion of the instrument, in 
block form, remains unchanged. Figures 
2 and 3 show the 202H and 202J, re- 
spectively, in block form. 

FM Linearity 

circuits (described under design Con- 
siderations for the Oscillator and Modu- 
lator), a linearity of 1 
to %% total harm 
150 kc deviation for the 202J was 
achieved. At 300 kc deviation, the FM 

. The 202H FM char- 
acteristic yields a demodulated output 
with less than 1% THD at 75 kc de- 
viation. At 100 Mc carrier and 75 kc 
deviation, the 202H introduces 1/2% 
THD. 

All of the above numbers are speci- 
fied limits, and typical performance is 
consistently better. 

Electronic Vernier Tuning 

By giving routine, but careful, atten- 
tion to the oscillator and reactance tube 

A new system of electronic vernier 
tuning has been incocporated into both 
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DESIGN OF AN IMPROVED FM-AM
SIGNAL GENERATOR

ARTHUR N. OATIS, Development Engbleer

---~,, .

••-

Electronic Vernier Tuning

A new system of electronic vernier
tuning has been incorporated into both
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FM Linearity

By giving routine, but careful, auen
tion to the oscillator and reactance tube

'Ill"'. I. Typ.202J Sill"ol 0.".'0'0'

BRC decided to concentrate its design circuits (described under design Con-
effort on obtaining a linear modulation siderations for the Oscillator and Modu-
characteristic. Readers familiar with the lator), a linearity of l~% (equivalent
202£ and 202G, which thC$f new in- to ~% total harmonic distonion) at
strumenQi replace, are aware that thC$f I~O kc deviation for the 202) was
instrumenQi Mve an exceptionally srahle achieved. At 300 kc deviation, the FM
FM chamaeristic. Since the 202 line has linearity is ~%. The 202H FM ch.ar-
heen much admi~ for this character· acreristic yields a donodulated output
ink by communications engineers for with less than 1% THD .at 75 kc de-
nearly fifteen years, it was decided to viation. At 100 Mc aerier .and 7~ kc
build on the s.arM basic design rather devi.ation, the 202H iouoduces M%
than to emb.ark on a new idea. Hence, THO.
the RF portion of the instrument, in All of the above numbers .are speci·
blodr: form, r~ains unchanged. Figures fied limits, and typical performance is
2 and 3 show the 202H and 202), re- consistently benet.
spectively, in block form.

0.';,. of _ I..,....,," 'M-AM 05;'''01
~".,o'o' I

E.'.,,,ol 0' HI. Cin"i," M ' ",.
_ ,h UH' Q Me,., •

s........ N.... - Typ'" 250- Ill( M.'., 7
aRC 0..1"0'.' N.w 1'1..", •.....•••••• 1
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YOU Will FIND _ ..

The age of missiles and sa[(~lliles has
suddenly created a need for communi
Cillions and clara transmission syStems
which impose tight requirementS on FM
receivers. For enmple. FM tc:lemerering
systems have squeaed more and more
carrier frequencies intO their band, lind
each carrier is rcquired to contain more
information per unit time (han has been
nceded in the pasr. Thr!SC: considerations
alone imply that FM r«eivers for tcle·
l"Oett:ring purposes be capable of hand
ling higher modulation frequencies than
they have in the past and, at the same
time, provide for isolation of the more
closely spaced subauriers. h is impor.
lant thar the modulated carriers in such
systems be free of extraneous sideoonds
in order 10 minimize crosstalk be{w~n

adjacent .subearrieIS. Hence, the trans
miners used in these systems are apr to
have n highly linear FM charnCtcristic
(frequency vs. voltage charaCteristic).
In the world of FM signals for home
entertainment tOO, the importance of
FM linearity is stronger than ever, now
that we llre faced with the closely SP;lCed
(L+R) llnd (L-R) .sterro channels. I

The 202H and 202) FM signal gener
ators are intended to assist engineers and
rechnici.ans associared with the funaion
and/or development of such communi
cation systems.

In view of the above considerations,
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the new 202H and 2025 to permit rela- 
tively small calibrated changes in output 
frequency. This system operates by ap- 
plying dc voltage to the grid of the 
reactance tube through a precision po- 
tentiometer. The total range of the con- 
trol is +40kc. The calibrated dial covers 
the range of 230kc  in lkc increments 
and may be slipped against the poten- 
tiometer shaft by operating a dial lock 
mechanism. A jack is also provided for 
inserting external dc voltage for use in 
connection with an external X-Y plotter 
or frequency control system. 

Microphonics and Vibration 

Potentially, vibration and sound are 
two of the main sources of disturbance 
in low deviation measurements. Design 
of the 202H and J is aimed at alleviat- 
ing this problem. Figure 4 shows the 
mounting of an RF unit in the 202J 
and H. The unit is supported by four 
vibration absorbing mounts. Bellows- 
type, flexible couplings isolate the shafts 
of the main tuning capacitor and of the 
attenuator’s piston from the front panel. 
The net result is that the FM sensitivity 
of the 202H and J to acoustic or me- 
chanical impulses, applied to the front 
panel or to the mounting hardware, i s  
five times less than that of the 202E 
and G, Thus, the short-term frequency 
stability is much improved in all but 
the most quiet environments. 

Automatic Level Set 

The modern tubes used in the am- 
plifier and doublers of the RF unit pro- 
vide enough reserve RF power output to 
operatk a level control circuit. The out- 
put meter remains within *2% of the 
“red line” setting (for 0.2 volts maxi- 
mum output) across the frequency band. 

Power Supply 

The new generators contain regulated 
dc power supplies (both plate and fila- 

MODULATION 

I I 
LEVEL 
METER 

REF.() 
LEVEL 

Figure 2.  Block Diagram of Type 202H 

ment) for all rubes in the RF unit. As 3. The 202H power supply contains 
a result of these regulated supplies the neither a ballast tube nor a VR tube, 
residual FM at line frequency in the both of which components are 
202J is less than half as much as it is vulnerable. 
in the 202G. 

In order that the entire instrument 
be contained in a single package with- 
out excessive heating of the RF unit 
by the power supplies, all active com- 
ponents of the power supplies are 
semiconductors. 

There are three basic improvements 
in the 202H over the 202E supply. 
1. The power supply and signal gener- 

ator are contained in a single cabinet. 
2. Both supplies are more stable (by a 

factor of 5 ) ,  with respect to line 
voltage fluctuations, than are their 
counterparts in the 202E. 

d 

FM Bandwidth of 2025 

A need for wide bandwidth arises 
particularly in PCM telemetering sys- 
tems. The maximum IRIG Telemeter- 
ing standard bit rate is 330kc in the 
VHF band, and the receiver IF band- 
width requirement for this bit rate is 
about 500 kc. Hence, the bandwidth of 
an FM Signal Generator for checking a 
receiver’s ability to handle such signals 
should be more than 500 kc. The 202J 
has a 1 mc FM bandwidth. 
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Figure 3. Block Diagram of Type 202J 
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FM Bondwidth of 202J

A need for wide bandwidth arises
particularly in peM telemetering sys
tems. The maximum lRIG Telemeter
ing standard bit rate is 330kc in the
VHF band, and the receiver IF band·
width requirement for this bit rate is
about 500 kc. Hence, the bandwidth of
an FM Signal GeneratOr for checking a
receiver's ability to handle such signals
should be more than 500 kc. The 202J
has a J me FM bandwidth.

3. The 202H power supply contains
neither a ballast tube nor a VR tube,
both of which components are
vulnerable.

OOFF EXT. MOD.

~~~=:_ ..L ,.

mem) for all rubes in the RF unit. As
a result of these regulated supplies the
residual FM at line frequency in the
202) is less than half as much as it is
in the 202G.

In order that the entire instrument
be contained in a single package with·
out excessive heating of the RF unit
by the power supplies, all active com
ponents of the power supplies are
semiconductors.

There are three basic improvements
in the 2021-1 over the 202E supply.
1. The power supply and signal gener

ator are contained in a single cabinet.
2. Both supplies arc more stable (by a

faClOr of 5), with respect to line
voltage fluctuations, than arc their
counterparts in the 202 E.

Power Supply

The new generators contain regulated
de power supplies (both plate and fila-

Microphoni(5 ond Vibrotion

Potentially, vibration and sound are
tWO of the main sources of disturbance
in low deviation measutements. Design
of the 202H and J is aime<1 at alleviat
ing this problem. Figure 4 shows the
mounting of an RF unit in the 202J
and H. The unit is supported by four
vibration absorbing mounts. Bellows·
type, flexible couplings isolate the shafts
of the main tuning capacitor and of the
attenuacor's piston from the front panel.
The net result is that the FM sensitivity
of the 202H and J to acoustic or me
chanical impulses, applied to the front
panel or co the mounting hardware, is
five times less than that of the 202E
and G. Thus, the short-term frequency
stability is much improved in all but
the most quiet environments.

THE BRC NOTEBOOK iJ publiJhed
lour l;meJ a 1ear by Ihe Boonlon Radio
Corpora/ion. 11 is mailed free of Iharge
10 u;entiJIJ. eng;"..e'J a"d oth... im...
eJled p"'JQ,jJ in th.. lommun;IatiorIJ
a"d ..lutnm;IJ fieldJ. Th.. contenlJ ma,
b.. ,ep,inted on/1 ,~#h wNfle1l permiJ
Jion 1M'" the editor. ~'ON' wmmenlJ
lind JugglSt;OnJ II" wehome, lind
should be addreJJed to: EdilOr, THE
BRC NOTEBOOK, BOOnlOn Radio
Corporalion, Boomon, N.].

Automolic level Set

The modern tubes used in the am
plifier and doublers of the RF unit pro
vide enough reserve RF power OUtpUt to

operare a level control circuit. The out
pur meter remains within ±2% of the
"red line" selling (for 0.2 volts maxi·
mum OutpUt) across the frequency band.

the new 202H and 202J CO permit rela
tively small calibrated changes in OUtpUt
frequency. TIlis system operates by ap·
plying de voltage co the grid of the
reacrance rube through a precision po
tendometer. The tOtal range of the can·
trol is ±40kc. The calibrated dial covers
the range of ± 30kc in 1kc increments
and may be slipped against the poten·
tiometer shaft by operating a dial lock
mechanism. A jack is also provided for
inserting external dc voltage for use in
connection with an external X-V plotter
or frequency control system.
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Peak Reading Modulation Meter 
Circuit for 2025 

The modulation meter circuit is en- 
tirely new for the 202J. It reads the 
peak-to-peak deviation for all modula- 
tion waveforms which do not have im- 
portant frequency components outside 
the pass band of 10 cps to 1 mc. The 
circuit consists of a two-stage, feedback 
amplifier, followed by a peak-to-peak 
voltmeter circuit. 

The 202H has the same kind of aver- 
aging meter circuit as the 202E it re- 
places, with two exceptions: the diodes 
in the 202H meter circuit are more 
stable, and the dependence of the meter 
reading stability on diode stability has 
been reduced by amplifying the signals 
to be measured before metering them. 

In order to ensure a net gain in over- 
all meter accuracy, the amplifier has 
been heavily stabilized by negative feed- 
back. 

W 

Design Considerations for the 
Oscillator and Modulator 

The basic BRC 202 frequency modu- 
lator is now, as it always has been, a 
reactance tube with a bridged-T phase 
shift network. One of the merits of this 
type of network is that it allows rela- 
tively little variation of deviation sensi- 
tivity with carrier frequency. The small 
variation in FM sensitivity is diminished 
by ganging one of the passive elements 
in the phase shift network to the tuning 
capacitor in the oscillator. An analysis 
of the action of the bridged-T and 
other phase shift networks used with - 

ISOLATING 
w.COUPLING 

Figure 4. Type 2021 - Top V i e w  

reactance tube frequency modulators has 
been given by M. Crosby and D. Hill.' 
Within this framework, the improved 
FM linearity in the 202H and J has 
been achieved with no loss of constancy 
of FM sensitivity or carrier frequency 
stability. 

In the process of developing an FM 
oscillator, one must be sure that, at every 
frequency in the tuning band, the oscil- 
lator operates at a frequency fairly close 
to resonance of the LC circuit. If, at 
some frequency in the band, the oscilla- 
tor departs from this frequency, then the 
impedance of the LC circuit contains an 
equivalent parallel reactance at that 
frequency. Of course, this kind of action 
does not prevent us from frequency 
modulating the oscillator, but it does re- 
sult in rather violent changes in FM 
sensitivity at some points in the band. 

Occasionally one finds a carrier fre- 
quency close enough to a point of dis- 
continuity to be traversed in the modu- 
lation cycle. We still modulate the in- 
ductance of the LC circuit as planned, 
but the departure of operating frequency 
from resonance is now varying during 
the cycle. This is not the kind of be- 
havior one would care to make allow- 
ances for. Therefore, great pains were 
taken to design the oscillator-reactance 
tube combintaion such that these effects 
were minimized. The oscillator was 
loaded as lightly as practicable by the 
phase shift network, for example. 

In the interest of FM linearity, the 
oscillator level is rather low so that its 
phase shifted output cannot drive the 
reactance tube outside of its linear region. 

Tube type 6688 was chosen for the 
reactance tube and doubler stages, pri- 
marily because of its high stability and 
high trans-conductance. It has the added 
merit of low input conductance in the 
VHF band. 

New Packaging 

Both of these new signal generators 
are packaged in a restyled cabinet which 
can be readily rack-mounted. The front 
panel RF output jack can also be readily 
installed in a mounting hole, provided 
in the rear cabinet panel, for rack- 
mounted applications. Convenient carry- 
ing handles are provided on the sides of 
the cabinet in addition to the standard 
rack handles integral with the side 
frame castings. 

Specifications 

The following specifications apply to both the 
Types 202J and 202H, unless otherwise indicated. 

RADIO FREQUENCY CHARACTERISTICS 
RF Range: 195-270 MC (202J) 54-216 MC (202H) 
No. Bands: 1 (202J) 2 (202H) 
Band Ranges: 195-270 MC (202J) 54-108 MC, 108- 
216 MC (202H) 

Main Dial: 10 .5%*  
Electronic Vernier: &( lo% +1 KC)* 
*after one hour warm-up 

RF Accuracy: 

RF Calibration: 
Main Dial: Increments of 0.5 M C  (202J and 54- 

108 MC on 202H) 
Increments of 1.0 MC (108-216 MC on 
9 f l 7 H I  

Mechaniral Vernier: 2200 divisions through range 
(202J) 
2300 divisions through range 
(202H) 

Electronic Vernier: Increments of 1 ,KC over 2 3 0  
KC range* 
*total range -t40 KC; provision for slipping dial 

to olace "0" at a specific frequency 
RF Stability: 

0.02% per hour* (202J) 
0.01% per hour* (202H) 

*after two hour warm-up 

Range: 0.1 pv to 0.2 volts* 
*across external 50 ohm load at panel iack 
Accuracy: -t1O0/o 0.1 pv to 50 K pv 

Auto Level Set: holds RF monitor meter to "red 
line" over band 
Impedance: 50 ohms 
VSWR: 1.2 
Spurious Output: All spurious RF output voltages 
are at least 25 db below desired fundamental 
an 202J (30 db on 202H) 

RF Leakage: Sufficiently low to permit measure- 
ments at 0.1 pv 

RF Output: 

f200,: 50 K pv to 0.2 volts 

llllrlllUli "-_I" ,D 

External: 0-100% 
A M  Accuracy: f 1 0 %  at 30% and 50% A M  
A M  Calibration: 30, 50, 100% 
A M  Distortion: 5% at 30% 

8% at 50% 
m o L  -+ in no^ 

AMPLITUDE MODULATION CHARACTERISTICS 
A M  Range: 

A M  Accuracy: f 1 0 %  at 30% and 50% A M  
A M  Calibration: 30, 50, 100% 
A M  Distortion: 5% at 30% 

8% at 50% 
20% at 100% 

Internal: 0-50% 
External: 0-100% 

A M  Fidelity: & 1  db, 30 cps to 200 KC 

FREQUENCY MODULATION CHARACTERISTICS 
FM Range: 

Internal: 0-300 KC in 4 ranges (202J) 
0-250 KC in 4 ranges (202H) 

External: 0-300 KC in 4 ranges (202J) 
0-250 KC in 4 ranges (202H) 

*indication proportional to peak-to-peok 
and sine-wave (202H) of modulating 
farm 

FM Accuracy: 25% of full-scale* 
(202J) 
wave- 
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Tube type 6688 was chosen for the
reactanCe tube and doubler stages, pri
marily because of its high srability and
high trans-conduclance. It has the added
merit of low input conductance in the
VHF band.

New Packaging

Both of Ihese new signal generators
are packaged in a reslyled cabinet which
Oln be readily rack-mounted. The front
panel RF outpUt jack can also be readily
in~(alled in a mouming hole, provided
in the rear cabinet panel, for rack
mounted appliOltions. Conveniem carry·
ing handles are provided 00 the sides of
the Olbincr in addition to the standard
rack handles integral with the side
frame castings.

fitl .... 4. Type 202J - Top VJ....

Peak Reading Modulation Meter
Cir(uit for 202J

l1\e moduluion meter circuit is en
tirdy new for the 202J. It reads the
pealr:-to-peak deviatioo for all modula
tion waveforms which do not have im
portant frequency components outside
the p:lss band of 10 cps to I mc. The
circuit consists of :I. tWo-stage, feedback
amplifier, followed by a peak.to-peak
voltmeter circuit.

l1\e 202H has the same kind of aver
aging lTlCter circuil as the 202E it re
places, with rwo exceptions: the diodes
in the 202H meter circuit arc IDOre
stable. and the dependencl' of the meter
reading stability on diode stability has
been reduced by amplifying the signals
to be measured before metering them.

In order to ensure a net gain in over
all meter accuracy, the amplifier has
been heavily stabilized by negative f~
back.

Design Considerations for the
Osc:iIlator and Modulator

The basic BRC 202 frequency modu
latOr is now, as it always has been, a
reactance tube with a bridge<!.T phase
shift network. One of the merits of Ihis
type of network is Ihat it allows rela
tively little variation of deviation sensi
tivity with Olrrier frequency. l1\e small
variarioo in FM sensitivity is diminished
by ganging Clm" of the passive elements
in the phase shifl nerwork to the tuning
cap:lcitOf in Ihe OSCillator. An analysis
of thl' action of the bridged-T and
other phase shift networks used with

reactance tube frequency modulatOrs has
been given by M. Crosby lind D. Hill.'
Within this framework. the improved
FM linearity in the 202H and J has
been achieved with no loss of consrancy
of FM sensiti\·ity or artiet frequency
srability.

In the process of developing an fM
oscillator, one must be sure that, at every
fr,:quency in the tuning band, the oscil·
lator opentes at a frequency fairly close
to resonance of the LC circuit. If, llt
some frequency in the band, the oscilJa·
ror departs from this frequency. then the
impedance of the LC circuit contains .n
equivalent parallel reacrance at that
frequency. Of course, Ihis kind of llction
does not prevent us from frequency
modulating the oscillator, but it does re
sult in rather violent changes in FM
sensitivity at some points in the band.

Occasionally one finds a carrier fre
quency close enough to a point of dis
cootinuity 10 be uaver.sed in the modu·
lation cycle. We still modulate the in
ductance of the LC circuil as planned,
but the deparrure of operating frequency
from resonance is now varying during
the cycle. This is nOt the kind of be
havior one would care to make allow
ances for. Therefore, great pains were
taken ro design the oscillatOr-reacrance
tube combintaion such lbat these effects
were minimized. Thl' oscillaror was
loaded as lightly as practiable by the
phasl: shift net\Vock. for enmple.

In the interest of FM linearity. the
oscillator level is rather low so thllt its
phase shifted OUtput cannot drive the
rcactance tube outside of its linear region.
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FM Calibration: 
2025 

0-15 KC in increments of 0.5 K C  
0-30 KC in increments of 1 KC 
0-150 KC in increments of 5 KC 
0-300 K C  in increments of 10 KC 

0-7.5 KC in increments of 0.5 KC 
0-25 KC in increments of 1 KC 
0-75 KC in increments of 5 KC 
0-250 KC in increments of 10 KC 

at 300 KC (202J) 
*“leost squares“ departure from straight 

202H 

FM Non-Linearity*: 1.5% at 150 KC, 

passing through origin 
FM Distortion: 0.5% at 75 K C  (100 MC and 

cps modulation only) 
1% at 75 KC (54-216 MC) 
10% at 240 KC (54-216 MC) 

FM Bandwidth: f 3  db, 3 cps to 1 MC (202J) 
FM Fidelity: -C1 db, 5 cps to 500 KC (202J) 

i l  db 5 cps to 200 KC (202H) 
Spurious FM: Total RMS spurious FM from 60 cps 
power source i s  at  leost 60 db below 150 KC 

Signal-to-noise Ratio: 60 db below 10 K C  (202H) 
Microphonism: Extremely low; shock-mounted RF 

Externol FM Requirements: 1 volt RMS into lOOK 

(202H) 

(202J) 

unit 

ohms for 150 KC deviation 

5% 

line 

400 

PULSE MODULATION CHARACTERISTICS 
PM Source: External 
PM Rise Time: 0.25 hsec 
PM Fall Time: 0.8 p e c  

MODULATING OSCILLATOR CHARACTERISTICS 
OSC Frequency: 

2025 202H 

400cps 30 KC 400cps 10 KC 
1730cps 70KC 1OOOcps 15 K C  
3 9 0 0 ~ ~ s  100 KC 3000 cps 25 K C  

50cps 10.5 KC 50cps 7.5 KC 

OSC Accuracy: f5% 
OSC Distortion: 0.5% 
OSC External Output: 

30 volts approx. at external FM posts 
30 volts approx. at external AM posts 

ACCESSORIES 
Furnished: Type 502-8 Patching Cable 
Avoiloble: Type 207-G Univerter (202J) 

Type 207-E Univerter (202H) 
Type 501-8 Output Cable 
Type 504-A Adapter 
Type 505-8 Attenuator 
Type 506-8 Patching Cable 
Type 507-8 Adapter 
Type 508-B Adapter 
Type 509-8 Attenuator 
Type 510-8 Attenuator 
Type 514.8 Output Cable 
Type 517-8 Output Cable 

TUBE COMPLEMENT 
Tubes Transistors Diodes Zener Diodes 

3-6688 1-2N1008 2-lN660 6-G31A-7H 
1-6AF4 1-2N1136B 2-lN1763 l-G31H-56L 
1-6AW8 1-2N1136 4-lN1764 1-G31G-7H 
3-6AU6 2-2N 1 379 2-1 N 1 581 2-G3 1 A- 1 2H 
1-6BK7 1-S1029 1-G31 G-47L 
1-6AQ5 
1-12AU7 
1-6DJ8 

PHYSICAL CHARACTERISTICS 
Mounting: Cabinet for bench use; readily adaptable 

Finish: Gray engraved panel; green cabinet (other 

Dimensions: Height: lO3/8” Width: 163h” Depth: 

Weight: Net: 45 Ibs. 

for 19“ rock mounting 

finishes available on special. order) 

18%” 

POWER REQUIREMENTS 
105-125/210-250 volts, 50-60 cps, 100 watts 

References 
1. John P. Van Duyne, “A Modulator for 

the New FM Stereo System,” BRC Note- 
book Number 30. 

2.  M. G. Crosby and D. M. Hill, “Design of 
FM Signal Generator,” Electronics, Nov., 
1946, pages 96-101. 

EXTERNAL OR ”IN CIRCUIT” MEASUREMENTS 
ON THE UHF Q METER 

CHARLES W. QUINN, Sales Engineer 

Detailed information about the,design 
and theory of operation of the UHF Q 
Meter Type 280-A is given in Notebook 
Number 27. Conventional applications 
are covered in detail in Notebook Num- 
ber 28. An article concerning calibration 
of the instrument appears in Notebook 
Number 29. This article will deal specif- 
ically with the “unconventional” external 
or “in circuit” applications. 

Basic Theory of Measurement 
Briefly, the UHF Q Meter utilizes the 

bandwidth relationship Q = - (for 

QZlO) to determine Q, as shown in 
Figure 1. A resonance indicating meter 
is used to determine the peak of the 
resonance curve and to resolve the half- 
power (.707V) points. This means that 
the UHF Q Meter reads Q in terms of 
frequency; the frequency being deter- 
mined by the ability of the instrument 
to measure a relutive amplitude change 
of 3db. The absolute value of V in 
Figure 1 is of no consequence and may 

f o  

Af 

Figure Y .  Q Resonance Curve 

vary over a few decades (depending on 
the coupling of the probes and gain) 
without affecting the ability of the in- 
strument to read circuit Q. 

Type 580-A Probe Kit 
In order to provide a convenient 

means of coupling into the external 

resonators or circuits, BRC has designed 
a probe kit (Type 580-A) which is 
suitable for many external measure- 
ments. The kit consists essentially of an 
injection probe and a detection probe, 
designed for coupling the external cir- 
cuits to the output of the oscillator and 
the input to the chopper amplifier in 
the 280-A. For external measurements, 
the Q capacitor and associated coupling 
circuits in the UHF Q Meter are dis- 
connected at the rear of the instrument 
and tkie injection and detection probes, 
furnished with the probe kit, are con- 
nected in their place. A basic block dia- 
gram of the UHF Q Meter, connected 
for external measurements, is shown in 
Figure 2. 

Methods of Coupling 
to Test Circuits 

Before discussing some of the tech-. 
niques for “in circuit” measurements, it 
would be well to point out two basic 
requirements which should be met by 
the external circuit to be measured. First, 
the circuit must be resonant in the fre- d 
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EXTERNAL OR "IN CIRCUIT" MEASUREMENTS
ON THE UHF Q METER

CHARLES W. QUINN, Sales c7lgineer

Detliiled information about the.design
and theory of operarion of rhe UHF Q
Meter Type 280-A is given in NOtebook
Number 27. Conventional applications
arc COVCrt-d in detail in Notebook Num·
ber 28, An anicle concerning calibration
of the instrument appears in Notebook
Number 29. This anicle will deal specif
ically with the "unconventional" external
or "in circuit" applications.

BCJsic Theory of Measurement
Briefly, the UHF Q Meter ulilizes the

f.
bandwidth relationship Q= -- (for

l!.f
Q~ IO) to delt':rmine Q. as shown in
Figure l. A resonallC~ indicating meter
is used to determine the pe-a1c. of the
tesonana curve and to resolve the half
power (.707V) points. This means that
the UHF Q Meter reads Q in terms of
frequency; the frequency being deter·
mined by the ability of the instrument
to measure a r~laJjve amplitude change
of 3db. The absolute value of V in
Figure I is of no consequence and may

vary over a few decades (depending on
the coupling of the probes and gain)
withOUt affecting the ability of the in
Strument to read &iteMit Q.

Type 580·A Probe Kit
In order to provide a convenient

means of coupling intO the external

resonaton or circuitS, BRC has designed
a probe kit (TyJX" S80-A) which is
suitable for many external measure
ments. The kit consists essentially of an
injection probe and a detectiOn probe,
designed for coupling the external cir
cuits to the OUtpUt of the oscillatOr and
the input to the chopper amplifier in
the 2S0·A. FOt external measurementS,
{he Q capacitor and associated coupling
circuitS in the UHF Q Meter arc dis·
connected at the rear of the instrument
and die injection and detection probes,
furnished with tbe probe kit, ale con·
neCted in their place. A basic block dia·
gram of the UHF Q Meter, connected
for external measurements. is 5hown in
Figure 2.

M~lhods of Coupling
to Tesl Circuits

Before discussing some of the tech-.
nique5 for ~in circuit H measurementS. it
would be well to poiOl OUt tWO basic
requirementS which should be met by
the external circuit to be measured. First,
the circuit must be resonaOl in {he fre-
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Figure 2. Block Diagram of UHF Q Meter Showing Connecfions For External Measurements 

280-A 
osc. 

280-A 
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quency range of the 280-A (210 to 610 
Mc) . Secondly, the Q of the circuit must 
range from 10 to 25,000. 

Figure 3A shows a typical amplifier 
configurtaion with a tuned coaxial res- 
onator used as a plate load. This circuit 
may be measured using both the injec- 
tion and detection probes in the Type 
580-A Probe Kit, since it has access 
holes large enough for insertion of both 
probes. A preselector resonator could be 
similarly measured. 

Figure 3B demonstrates another tech- 
nique where an existing or “built in” 
loop is use for injection into the circuit 
to be measured and the 580-A detection 
probe is inserted into an access hole. In 
this case, care must be taken that the 
280-A oscillator load does not exceed a 
1.2 VSWR, referred to 50 ohms. 

In Figure 3C the 580-A Probe Kit is 
not used. Existing or “built in” injection 
and detection circuits are connected di- 
rectly to the 280-A oscillator and chop- 
per amplifier circuits. When using this 
technique, the law of the detector used 
must be evaluated and taken into ac- 

connecting a signal generator to the de- 
tector and using the variable attenuator 

point on the 280-A resonance indicating 
meter. A precision 3db attenuator, con- 
nected in series with the signal genera- 
tor, be used for a more precise 
check of the detector. 

Figure 3D illustrates still another 
technique for measuring an external cir- 
cuit. The 280-A oscillator is connected 
to a tube input circuit, which may be 
“hot” or “cold”, and the detection probe 
is connected at the output connector. 
This type connection is especially de- 

sirable where it is necessary to evaluate 
the effects of dynamic loading. For this 

should be relatively broad. 

This may be accomplished by measurement the input circuit 

From the foregoing, it can be seen 

couple into the external 
circuits for performing “in circuit” 

on the 280-A; serving an 
extremely broad range of applications. 

Resonator Measurements 
The configurations of resonators in 

the frequency range of the 280-A are 
varied. A few of these configurations 
are shown in Figure 4. When perform- 
ing resonator measurements it should be 

in the signal generator to set the 3db that there are many techniques which 
may be used 

280-A 
osc. 

c “ 
2 8 0 - A  

CHOPPER AMPL. 

280-A OSC 
“D” 

Figure 3.  Coupling Techniques 

remembered that the resonators should 
be coupled to the 280-A at points which 
provide optimum coupling, wtih mini- 
mum loading by the 280-A. Basically, 
magnetic couplirlg is optimum at the 
Voltage Node point, or point of maxi- 
mum current; Le., the low 2 point. De- 
tection is optimum at the Current Node 
point or the point of maximum voltage; 
Le., the high 2 point (Figure 4 ) .  

Test Circuit Loading 
Minimum loading is accomplished 

with the detector coupled as “loosely” 
as practical. The ,injection circuit, on 
the other hand, may be coupled much 
“tighter” without loading. The .extent of 
loading can be evaluated by making a 
series of Q measurements at different 
sensitivity levels and probe spacings. 
Higher Q readings are indicative of 
negligible loading. The measurement 
should, therefore, be made at the mini- 
mum sensitivity level at which negligible 
loading occurs. 

Extension of 1 Range 
It is interesting to note that external 

measurements permit the inductance 
range of the 280-A to be extended be- 
yond the specified 2.5 to 146 mph range 
of the internal resonating capacitor. Re- 
ferring to Figure 4G, if C were known, 
and could be adjusted to a value less 
than 4 pf (the minimum capacitance of 
the 280-A Q capacitor), the inductance 
range of the instrument could be ex- 
tended to as much as 2 ph. This may be 
accomplished using a high quality, small 
variable capacitor with a range of ap- 
proximately 0.2 to 3 pf and a Q of 200 
or more.’The 580-A probes are con- 
nected as shown in Figure 2 for external 
measurements. Either of the following 
techniques may then be used. The  
capacitance required to resonate the in- 
ductor could be estimated and the vari- 
able capacitor set for this value, using 
the calibrated Q capacitor. C1 and Q1 

would then be measured. Then, with the 
coil and capacitor placed approximately 
as shown in Figure 4G, the resonant 
frequency.and circuit Q (Qc)  would be 
determined. The inductance of the coil 
would then be computed for the meas- 
urement frequency using the following 
equations: 
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Extension of L Range
Ir is interesting to nOtc thaI external

measurementS permit the inductance
range of the 280·A to be extended be
yond the specified 2.5 to 146 mph range
of the internal resonating capacitor. Re
ferring ro Figure 4G, if C were known,
and could be adjusred [Q a value less
rhan .:I pf (the minimum capacitance of
the 280-A Q capacitOr), rhe inductance
range of the insrroment could be ex
tended to as much as 2 ~h. This may be
accomplished using a high quality, small
variable capacitOr with a mnge of ap
proximately 0.2 to 3 pf and a Q of 200
or more. 'The 580-A probes are COll

n«red as shown in Figure 2 for external
measurements. Either of rhe following
rechniclIles may then be used. The
capacitance required to resonate the in
ductOr could be estimated and rhe vari
able capaciror Soel for rhis value, using
the calibrared Q capacitOr. (\ and Ql
would Ihen be measured. Then, wirh the
coil and capacitOr placed approximarely
as shown in Figure 4G, rhe resonant
frequency'and circuit Q (Q~) would be
determined. The inductance of the coil
would then be computed for the mcas
uremcnr frequency using the following
equations:

Test Circuit Loading
Minimum loading is accomplished

with the detecror coupled as "loosely"
as practical. The injection circuit, on
rhe Olher hand, may be:-: coupled much
··tighter" without loading. The extent of
loading can be evaluated by making a
series of Q measurements at different
sensitivity levels and probe spacings.
Higher Q readings are indicarive of
negligible loading. TIle measurement
should, therefore, be made at the mini
mum sensitiviry level at svhich negligible
loading occurs.

remembered that the resonators should
be coupled to rhe 280·A at points which
provide optimum coupling, wtih mini
mum loading by the 280-1\. Basically,
magnetic couplil18 is optimum at the
Voltage Node poim, or point of maxi
mum currenr; i.e., the low Z point. De·
tection is optimum at the Current Node
poinr or the point of maximum voltage;
i.e., the high Z point (Figure 4).
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Resontllor Measurements
The configurations of resonators in

me frequency range of the 280·A are
varied. A few of lhese configurations
are shown in Figure 4. When perform
ing resonaror measurements it should be

siTllble where ir is necessary to evaluare
the effects of dynamic loading. For this
type measurement rhe inpur circuit
should be relatively broad.

from fhe foregoing, it can be seen
that there are many techniques which
may be used 10 couple ioro the external
tCSt circuitS for performing "in circuit"
measuremems on the 280-A; serving an
extremely broad range of applications.

HIGH( DETECTOA
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quency range of the 280-A (210 to 610
Mc). Secondly, the Q of the circuit must
range from 10 co 25,000.

Figure 3A shows a typical amplifier
configurrnion with a tuned coaxial res
onacor used as a plate load. This circuit
may be measured using bOth the injec
tion and detection probes in the Type
580-A Probe Kit, since it has access
holes large enough for insertion of both
probes. A preselector resonator could be
similarly measured.

Figure 38 demonstr:ucs another tech
nique where an existing or "built in"
loop is use for injection imo the circuit
to be measured and the 580·A de[(~Clion

probe is inserted into an access hole. In
this case, care must be raken that the
280-A oscillator load does not excd a
1.2 VS\XIR, referred co 50 ohms.

In Figure 3C the 580-A Probe Kit is
not used. Existing or "built in" injection
and detection circuits are connected di
recdy to the 280-A oscillalOr and chop'
per amplifier circuits. When using this
technique, the law of the deteclOr used
must be evaluated and taken inlO ac
count. This may be accomplished by
connecting a signal generator to the de·
tector and using the variable attenuator
in the signal generator to sel up rhe 3db
poim on the 280-A resonance indicating
meter. A precision 3db artenU:ltOr, con·
necred in series wirh lhe signal genera
cor, may be used for a more precise
check of rhe detector.

Figure 3D illustrateS still another
technique for measuring an external cir
cuit. The 280-A oscillator is connected
[Q a tube input circuir, which may be
"hot" or "cold", and rhe detection probe
is connected at the ourpur connector.
This type connection is especially de·
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I-...II..f,AP MPER
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Figure 4. Typicul Resonator Configurations 

Another technique for extending the in- 
ductance range of the 280-A involves 
adjusting the variable capacitor until the 
desired resonant frequency is indicated 
by the 280-A. Circuit Q ( Q c )  is then 
measured. The variable capacitance (C)  
and Q are then measured on the 280-A 
and th6 above equations are used to 
determine L and Q. 

Test Circuit Shielding 
When small or unshielded resonators 

are to be measured, it is often desirable 
to make use of shielding to minimize 
'hand capacitance" and radiation effects. 

This shielding may be in the form of a 
"work box" with built in supports for 
the 580-A probes, as shown in Figure 
5 .  A setup of this type would be useful 
for evaluating the inductor mentioned in 
the previous paragraph. 

External Resonators as 
Jigs and Fixtures 

Resonators, in various forms, have ap- 
plications in many fields. The "D" res- 
onator (Figure 4 D ) ,  because of its pe- 
culiar magnetic field, is used in the 
investigation of molecular resonances in 
the field of basic research to improve 
our understanding of materials. "C' type 
resonators could be used for the measure- 
ment of dielectrics where the specimen 
is inserted into the gap that forms the 
resonating capacitance. Helical reson- 
ators are used to investigate the effects 
of ionization of gases in the ion pro- 
pulsion field. The helical resonator will 
also be useful in the evaluation of micro- 

Figure 5. "Work Box" used as Shield for 
ResQnutor Measurements 

wave varactors, diodes, and other semi- 
conductors, where capacitance values are 
low and Q values are high. 

The reentrant cavity or coaxial resona- 
tor is probably one of the most versatile 
resonators, since its performance can be 
readily calculated. It can serve as a fix- 
ture for evaluating dielectrics (Figure 
6A)  or magnetics (Figure 6B) in the 
frequency range of the 280-A (210 to 
610 Mc).  

DIELECTR!,C HOLDER 
A" 

REL. PERME,ABlLlTY 
B 

Figure 6. 

Measurements Under Simulated 
Environmental Conditions 

The coaxial and other type resonators 
may be used with the '580-A Probe Kit 
to provide thermal isolation between the 
specimen and the instrument. This would 
be of special interest to research and 
development people involved with tem- 
perature measurements. 

Extension Probes for Small or 
limited Access Resonators 

The 5SO-A Probe Kit utilizes a tele- 
scoping sleeve principle. The outside di- 
ameter of the inner sleeve is 0.430 
inch. The outside diameter of the outer 
sleeve is 0.500 inch. These diameters 
may be too large for some special ap- 
plications, either because of the physical 
size or the effect this size would have 
on the circuit under test. For high Q 
circuits (100 or more), this situation 

can be remedied by fabricating exten- 
sions for the probes, similar to the sam- 
ples shown in Figure 7A. This would 
permit measurements where the diameter 
of the access holes would be limited 
only by the diameter of the coaxial 
cable used. 

4 

Note that the length of these probe 
extensions must be such that their res- 
onant frequency is well above the res- 
onant frequency of the resonator being 
measured. Resonance of the probes may 
be checked by bringing them close to 
each other, with the external resonator 
removed, and sweeping the frequency 
through the point of measurement. If 
the probe extensions are functioning 
properly, no sharp slope in output in- 
dications should be observed. 

SILVER PL. SOLID COAX 

l c l "  4 
INJ. PROB EXTENSION 

"A" 

S M A L L  

C A P  PROBE EXTENSION 
"8" 

Figure 7 .  Examples of Probe Extensions 

Conclusion 
An attempt has been made here to 

point up some of the techniques which 
could be used for performing external 
measurements of circuits and resonators 
with the Type 280-A UHF Q Meter. 
Doubtless there are many applications 
which have not been touched upon or 
that should be expanded upon. It is our 
intension to delve more into dielectric 
measurements, low and high temper- 
ature techniques, semi-conductor meas- 
urements, and magnetics, in future Note- 
book artic1es:In the meantime, we here at 
BRC would appreciate hearing from any 
of our customers who have measurement 
problems in this area or who have 
evolved new measurement techniques 
which could be applied to this versatile 
instrument. 

a m . .  
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Note that the length of these probe
extensions must be such that their res
onant frequency is well above the res
onant frequency of the resonator being
measured. Resonance of the probes may
be checked by bringing them close to
each other, with the external resonator
removed, and sweeping the frequency
through the point of measurement, If
the probe extensions are functioning
properly, no sharp slope in output in·
dications should be observed.

can be remedied by fabticating eXlen
sions for the probes, similar to the sam
ples shown in Figure 7A. This would
permir measurements where rhe diameter
of the access holes would be limited
only by the diametet of the coaxial
cable used.~~,
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The reentrnnt cavity Ot c03xial resona
tor is prob3bly one of the most versatile
resonators, since its performance can be
readily calculated. It can serve as a fix
ture for evaluating dielectrics (Figure
6A) or magnedcs (Figure 68) in the
frequency range of the 280-A (210 to
610 Mc).

wave varaccors, diodes, and other semi·
conductors, where capacitance values are
low and Q values are high.
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Another technique for extending the in·
ductance range of the 2S0-A involves
adjusting the variable capacitor uncil the
desired resonam frequency is indicated
by the 2S0-A. Circuit Q (Q~) is then
measured. The variable capacitance (C)
and Q are then measured all the 2S0-A
and the above equations ate used to
determine Land Q,

Test Circuit Shielding
When small or unshielded resonacors

arc to be measured, it is often desirable
co make use of shielding co minimize
'hand capacitance" and radiation effects.
This shielding may be in the form of a
"work box" with built in supportS for
rhe 5S0-A prolx.-s, as shown in Figure
5. A setup of Ihis type would be useful
for evaluaring the inductor mentioned in
rhe previous paragraph,

External Resonators as
Jigs and Fixtures

Resonacors, in various forms, have ap
plications in many fields. The "d·· res
onacor (Figure 40), because of its pe
culiar magnetic field, is used in the
investigation of molecular resonances in
the field of basic research ro improve
our understanding of materials. "C" type
resonacors could be used for the measure
ment of dielectrics where the specimen
is inserted into the gap that fotms the
resonating capacitance. Helical teson
atOrs are used to investigate the effects
of ionization of gases in the ion pro
pulsion field. The helical resonatOr will
also be useful in the evaluation of micro-
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Measurements Under Simulated
Environmental Conditions

The coaxial and other type resonators
may be used with the '580-A Probe Kit
to provide thermal isolation between the
specimen and the instrument. This would
be of special interest to research and
development people involved with tem·
perature measurements.

Extension Probes for Small or
limited Access Resonators

The 5S0-A Probe Kit utilizes a tele
scoping sleeve principle. The Outside di
ameter of the inner sleeve is 0.430
inch. The outside diameter of the outer
sleeve is 0,500 inch. These diameters
may be H:lo large for some spe<:inl ap
plications, either beciusc of the physical
size or the effect this size would have
on the circuit under test. For high Q
circuits (100 or more), [his situation
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Conclusion
An attempt has been made here ro

point up some of the techniques which
could be used for ~rforming external
measurements of circuilS and resonators
wirh the Type 280-A UHF Q Meter.
Doubtless there are many applications
which have nOt been touched upon or
thaI should be expanded upon. Ie is our
intension to delve more imo die1ecuic
measurements, low and high temper·
anne techniques, semi-conductor meas
urementS, and magnetics, in furure Note
book articles:!n the meantime, we here at
BRC would appteciate hearing from any
of our (ustomers who have measurement
problems in this area or who have
evolved new measurement techniques
which could be applied to rhis versatile
insrrument.
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SERVICE NOTE 

Modificution of Type 250-A for 
Reduced Signul level und 

Increased Sensitivity 

Reducing Signal level 
An improved method has been devised 

for reducing the signal level at the termi- 
nals of the Type 250-A RX Meter for 
special applications where a low signal 
level is required. In the past, the signal 
level was lowered by inserting a 100K 
ohm potentiometer in the signal oscil- 
lator plate supply, as described on pages 
16 through 18 of the 250-A instruction 
manual. This provided a means for vary- 
ing the oscillator plate voltage, thus re- 
ducing the signal oscillator output level. 
This system works satisfactorily for the 
most part, but occasionally a plate volt- 
age will be selected which will "shut-off" 
the oscillator. 

"0" "A" 

NOTES EXISTING CASL 

The modification, together with a list 
of t h e  p a r t s  r e q u i r e d ,  is shown  i n  
Figure 1. 

Increasing Sensitivity 
When the signal level to the bridge 

is reduced for special applications, as 
described above, increased detector sensi- 
tivity is often desirable. The sensitivity 
of the 250-A may be significantly in- 
creased by modifying the instrument as 
shown in Figure 2.1 The signal from IF 
amplifier V202 (GAG5 ) is connected to 
a jack at the rear of the 250-A cabinet. 
A VTVM, connected to this jack, ampli- 
fies the signal and serves as a null indica- 
tor which has improved sensitivity over 
the null indicator on the front panel of 
the 250-A. This improves the resolution 
of the C ,  and R,, dials and also results 
in improved resolution of the R, or X,, 
parameter which is occasionally the 
minor impedance in a measurement. 
(Minor impedance is defined as that im- 
pedance which contributes least to the 
amplitude and phase of the current in 
an RF circuit.) 

Figure I .  Modification for Reduced Signal Level 

The new method provides for the con- 
nection of a fixed or variable external at- 
tenuator (or attenuators) in series with 
the RF signal source to the bridge. In 
order to provide a convenient means for 
connecting the attenuators in the signal 
circuits, the bridge and oscillator con- 
nections are made accessible at the rear 
of the instrument cabinet. These con- 
nections are jumpered for normal opera- 
tion. For special applications, the jumpers 
are removed and replaced with fixed or 
variable attenuators. In most cases, the 
attenuator is connected in place of 
jumper "A" (Figure 1) .  In some in- 
stances, because of mixing in the test 
component, it would be desirable to at- 
tenuate both signals. 

'This modification was suggested by H. Thanos of 
R.C.A., Somerville, N. J. 

SHlEl 
MOUNT CLOSE TO CABL 
I F  TRANSFORMER 

STD. JACK 
MOUNT ON 
REAR OF 250-A zk VTVM 

(H-P 400D 
OR EQUIV) 

Figure 2.  Modification for Increased Sensitivity 

For best results, and to obtain opti- 
mum sensitivity, it is necessary to select 
mixer tube VlOl (6AB4) for minimum 
noise deflection (preferably less than 
one division on the VTVM) . 

BRC DEDICATES NEW PLANT 
Friday, October 20, 1961 was a per- 

fect day for the dedication of the new 
BRC plant. Nestled in the Rockaway 
Valley, against a backdrop of high hills 
ablaze with autumn-painted trees, the 
new plant was the center of scenic 
splendor. 

On hand for the dedication ceremony 
were BRC employees; friends and busi- 
ness associates of BRC; members of the 
local, county, and state government; and 
executives from the Hewlett-Packard 
(BRCs parent company) family. 

The dedication ceremony was presided 
over by Dr. George Downsbrough. Presi- 
dent of BRC. Guest speaker was Mr. 
David Packard, President of Hewlett- 
Packard. Mr. A. R. Post, Chief, Bureau 
of Commerce for the State of New 
Jersey, delivered a message of congratula- 
tions from the Governor of New Jersey. 

A "ribbon-cutting" ceremony was held 
at the main entrance to the new plant, 
with cutting honors going to Mr. John 
V a n d e r m a r k ,  Mayor  of Rockaway 
Township. 

M r .  John Vandermark, Mayor of Rockaway 
Township, N. J., cuts ribbon to officially open 

the new BRC plant as 
Dr. George A. Downsbrough and 

Mr. David Packard look on. 

CORRECTION 
The vector diagram and accompanying 

equation in Figure 2 of the article en- 
titled, "A Modulator for the New FM 
Stereo System," published in Notebook 
Number 30, are not correct. The correct 
diagram and equation are given below. 

R,=2010g (2 )  
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M,. Jo~n Vonde,,,,,,,k, Mayor 0/ Rockaway
Town.~jp, N. J., <~to ,ibbon '0 o/fidolly open

'~e new BRC plant 00
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M,. Do.id Pocko,d look 0".

CORRECTION
The vector diagram and accompanying

equation in Figure 2 of the atticle en
titled, "A Mooularor for the New FM
Stereo System," published in NOlebook
Number 30, are not corTect. The correct
diagram and equation arc given bdow.
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BRC DEDICATES NEW PLANT
Friday, October 20, 1961 was a per

fect day for the dedication of the new
BRC plant. Nestled in the Rockaway
Valley, against a backdrop of high hills
ablaze with autumn-painted trees, the
new plant was the cemer of scenic
splendor.

On hand for the dedication ceremony
were BRC employees; friends and busi
ness associates of BRC; members of the
loc:al, county, and scue government; and
executives from the Hewlett-Packard
(BRCs parent company) family.

The dedication ceremony was presided
over by Dr. George Downsbrough. Presi
dent of 8RC Guest speaker was Mr.
David Pachrd, President of Hewlett
Packard. Mr. A_ R. POSt, Chief, Bur~u
of Commerce for the State of New
Jersey, ddiven-d a message of coograrula
tions from the Governor of New Jersey.

A "ribbon<Utting" ceremony was held
at the main eoUllOCC to the new plant,
with cuning honors going to Mr. John
Vandermark, Mayor of Rockaway
Township.

STD. JAClt
MOUNT ON
REAR OF 2~0-A
CABINET

fm,
~ MOOIFICATlON SHOWN

.". IN HEAVY LINES

, 0'
R211

V202
6AG5

The modification. together with a list
of the parts required, is shown in
Figure 1.

Fig,,'e 2. MooIif",olio~ 10' /"..eoo" Se"oit;v;ly

I

Increasing Sensitivity
When the signal le\'e! to Ihe bridge

is reduced for special applications, .as
dl':SCl"ibed above, increased detector sensi
tivity is often desit:1ble. The sensitivity
of the 250-A may be significantly in
creased by modifying the instrument as
shown in Figure 2. 1 The signal from IF
amplifier V202 (6AG~) is connected to

a jack at th~ rear of the 250-A cabinet.
A vnrM, connected to this jack, ampli
fies the signal and serves as a null indica
tOr which has improved sensitivity over
the null indicator on the front panel of
the 250-A. This improves [he resolution
of the ~, and R~ dials and also results
in improved resolution of the R•• or Xl'
parameter which is occasionally rhe
minor impedance in a measuremenL
(Minor impedance is defined as that im
pedance which COntribures least to the
amplitude and phase or the current in
an RF circuit.)

SHIELOEO
MOUNT CLOSE TO CABLE

IF TRA~ORr.:':'r__'F!oo9t::l!1o ::®
10lt -='!tw VTVM

(H-P4000
OR EOUIV)

For best results, and to ohmin opti
mum sensitivity, it is necessary to select
mixer tube ViOl (6AB4) for minimum
noise deflection (prefernbly less than
one division on the VTVM).

.... -.'

Modification of Type 2S0-A for
Reduced Signal Level and

Increased Sensitivity

The new mCthoo provides fot the COn
ncnion of a fixed or variablc external at
tenUatOr (or attenuators) in series with
the RF signal source to the bridge. In
order to provide a convenicnt means for
connecting the lIucnuators in the signal
circuits, thc bridge and 06Cillaror con
necdons arc made accessible at the rear
of thc instrument cabinet. These con
nections are jumpered for normal opera
tion. For special applications. the jumpers
are removed and replaced wilh fixed Or
va.riable :utenuatOrs. In mOSt cases, the
anenullor is connected in place of
jumper "A" (Figure I). In some in
stances, because of mixing in the test
component, it would be desirable (0 at
tenmlte btxh signals.

'1"bi, """';00,00<1 wu --.l br H. 11>..... 01
LC-A.• .so-nillc. N. ,.

Reducing Signal level
An improved mWlOO h.as~de-Yi~

for reducing the signallevd at the termI
nals of the Type 250-A RX Meter for
special applicalions "'here a ktw s!gnal
level is required. In the put, the sIgnal
level w.as lowered by insening a lOOK
ohm pot:entiometer in the signal oscil
latOr plate supply, .as described on pages
16 through 18 of the 250-A insuuetion
manual. This provided a m~ns for vary
ing the oscillator plale voltage, thus re
ducing the signal oscillawr OUtput l~'d.

This system works satisfactorily for the
most part, but occasionally a pla.te volt
Ige will be selected which will "shur-off"
the oscillator.

• •
_It.~ _._011

......'{,---J ...~ ...
~,.. ."':.~=""'~~\ \\ f-- .... ........
5l~-r.:-jf1 ..~ ....".........
~~~cOo.",,-~-
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B O O N T O N  R A D I O  C O R P O R A T I O N  T H E  N O T E B O O K  

EDITOR’S N O T E  
BRC to Show Four New 

instruments at IRE 
(VISIT BOOTHS 31 01 -31 02) 

This year, at the IRE show, BRC will 
show four new instruments: the new pletely redesigned cabinet. 
Types 202-H and 202-J FM-AM Signal 
Generators, the new Type 2 3 0 - ~  Signal 
Generator Power Amplifier, and the new 
Type 2 19-A FM Stereo Modulator. 

solid-state power supply, and a com- 

The 230-A Signal Generator Power 
Amplifier provides a means of increas- 
ing the RF power output of conventional 
signal generators up to 4 watts or +6 
dbw ( 14 volts rms-into 50 ohms), in the 

covers the frequency range of 54 to 216 The 219-A FM Stereo Modulator pro- 
Mc and replaces the Type 202-E. The vides the stereo modulation outputs, as 
202-J blankets the 195 to 270 Mc tele- specified in FCC Docket 13506, suitable 
metering range and replaces the 202-G. for modulating FM signal generators, 
Improvements in these instruments in- such as the BRC Type 202-E or 202-H. 
clude: improved FM linearity, automatic A “Guess the Q” contest, which seems 
RF level set, electronic vernier tuning, to have become traditional with BRC, 
increased FM modulation bandwidth, will be a feature at the BRC booth again 
improved FM deviation metering, re- this year. Our engineers have been hard 
duced FM microphonism, a completely at work devising a “guess-defying” Q 

The Type 202-H signal generator frequency range of 10 to 500 Mc. 

circuit thar should be a delight and a 

Visit booths numbers 3101 and 3102. 
See and hear more about our new instru- 
ments, and have the BRC engineers on 
duty help you with your test instrument 
application problems. 

challenge to booth visitors. d 

Photograph faken at a previous IRE show 
demonstrates that the BRC “mystery coils” put 
all of the Q contest entrants in a pensive mood. 
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The Type 202·H sigl12l generator
covers the frequency r:an8~ of 54 to 216
Mc and replac~ the Type 202-E. The
202-J bbnltets the 195 to 270 Mc rde
metering range and replac~ the 202-G.
Improvements in these instrumentS in·
dud<;,~ improYed FM linearity, autOtn:ltic
RF 1~'e1 set, electronic v~mier tuning,
increased FM moduladon b:Uldwiddl,
improved FM deviation metering, re
duced FM. microphooism, a completdy

BRC to Show Four New
Instruments at IRE

(VISIT BOOTHS 3101-3102)

This yeu, at the IRE show, BRC will solid·stH~ pow~r supply, and a com-
show foor new insrrum~ms: dl~ atw plerdy redesigllC'd cabinet.
Types 202-H and 202-J FM-AM Sigl12! Th~ 230·A Signal Generator Power
GenerawfS, the new Type 230-A SigOlll Amplifier proYid~ a means of iocreas·
Gener.ltOJ" Power Amplifier, and the new ing the RF pow~r ourput of con....entional
Type 219-A FM Stereo Modulator. signal getH:'rlItOtS up ro 4 wartS or +6

dbw (14 voltS rffiS'inro 50 ohms), in the
frequffiC)' rang~ of 10 to 500 Mc.

The 219-A FM Stereo M<XIulawr pro
vides th~ stereo modulation OUtputS, as
specified in FCC Docket 13506, suitable
for modulating FM signal generators.
such as th~ BRC Type 202·E or 202-H.

A "Guess th~ Q" contest, which seems
to tuv~ become traditional with BRC,
will be- a feature at th~ BRC booth I~in

this year. Our ~ngineers have been hard
at work devising a "guess-defying" Q
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APPLICATIONS OF THE 
SIGNAL GENERATOR POWER AMPLIFIER 

CHARLES W. QUINN, Sales Engineer 

INTRODUCTION 

At first glance the application of an 
RF Power Amplifier appears limited or 
obvious. While there are obvious uses, 
there are many applications which are 
not apparent. It is the purpose of this 
article to enumerate and discuss both 
application categories. The specific re- 
quirements for the tests to be described 
are as many and as varied as the systems 
involved. For this reason, this article 
will be limited to a general description 
and/or example of each test. Detailed 
information on radio receiver tests may 
be found in References 1 and 2, at .the 
end of the article. Procedures for radio 
frequency interference (RFI) testing are 
given in References 3 and 4. Before 
dealing directly with applications, let us 
look at the specifications of the Type 
230A Signal Generator Power Amplifier 
(Figure 1) and clarify them where 
necessary. 

SPECIFICATIONS 
RADIO FREQUENCY CHARACTERISTICS 

RF RANGE 
Total Range: 10 to 500 mc 
No. Bands: 6 
Band Ranges: 10-18.5 mc 

RF Calibration: Increments of approximately lo%, 

RF OUTPUT 
Range: Up to 15 volts*. *Across external 50 ohm load 
Range: Up to 15 volts* 

Calibration: 0.2 to 3 volts f.s; 

65-125 mc 
18.5-35 mc 125.250 mc 
35-65 mc 250-500 mc 

accurate to k10% 

*Across external 50 ohm lood 

increments of approx 5% 
1.0 to 10 volts f.s; 
increments of approx 5% 
2.0 to 30 volts f.s; 
increments of approx 5% 

Accuracy: f l.0db of f.s. (10-250mc) 
fl.5db of f.s. (250-500mc) 

Applications o f  the Signal Generator 
Power Ampl i f ier  . . . . . . . . . . . . . . . . 1 

Using the FM Stereo Modulator . . . . . 5 
Editor's Note  - Q Meter Winner . . . . 8 

Figure 1.  Type 230A Signal Generator Power Ampl i f ier  

leakage: Sufficiently low to permit measurements 

RF Bandwidth:* > 700kc (10-150mc) 
at  0.1 volts. 

> 1.4mc (150-500mc) 
*Frequency interval between points 
3db down from mox. response. 

RF INPUT 
level: f 0.316 volts* (30db gain) (10-125mc) 

L 0.446 volts* (27db gain) (125-250mc) 
f 0.630 volts* (24db gain) (250-500mc) 
*for 10 volts output into 50 ohms 

Impedance: 50 ohms 

AMPLITUDE MODULATION CHARACTERISTICS 
AM RANGE: Reproduces modulation of driving 

signal generator 0-loo%* 
AM DISTORTION: <lo% added to distortion of 

driving Signal Generators* 
*Up to 5 volt max. carrier output for up to 
100% AM 
FREQUENCY MODULATION CHARACTERISTICS 

FM RANGE: Reproduces modulation of driving 
Signal Generator except as limited by the RF 
bandwidth. 

INCIDENTAL AM: <lo%* added to modulation of 
driving Signal Generator 
*At 150kc deviation. 

FM DISTORTION: Negligible distortion added to 
distortion of driving Signal Generator for devia- 
tions and modulation frequencies <150kc. 

PHYSICAL CHARACTERISTICS 
MOUNTING: Cabinet for bench use; by removal of 

extruded strips suitable for 19-inch rack mounting. 
FINISH: Gray wrinkle, engraved panel (other fin- 

ishes available on special order). 
DIMENSIONS: Hei ht 7-3/16" 

Wi&h 119 .1 /2 "  
Deoth - 17-11/16" 

WEIGHT: Net: 37'Ibs. 
Gross Export: 75 Ibs. 
Grass Domestic: 45 Ibs. 
legal Export: 43 Ibs. 

POWER REQUIREMENTS 
230-A: 105-125/210-250 volts, 50-60 cps, 150 watts. 

SIGNAL SOURCES 
Virtually any signal source, within the 

frequency range of the 230A, may be 
used. The obvious soprces are signal 
generators such as the BRC 225A gen- 
eral purpose signal generator, the 202 
series FM-AM signal generators, and 
the 211A and 232A Navigation Aid 
signal generators. Not so obvious, but 
nevertheless convenient signal sources, 
are the 260A and 280A Q Meters, the 
250A RX Meter, crystal oscillators, etc 

AMPLIFIER, RECEIVER, AND 
SYSTEM TESTING 

Amplifier, receiver, or system testing 
may take many forms. A few of these 
tests are: 

1. Overload tests. 
2. AGC characteristics. 
3. Skirt selectivity. 
4. Adjacent channel desensitization. 
5. Cross modulation and intermodula- 

6. Image and IF rejection. 
tion. 

Connections for tests 1, 2, 3, and 
6 are shown in Figure 2. 

Overload Tests 
Overload tests are made to determine 

the input level a t  which the output of 
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INTRODUCTION

At first glanc~ th~ application of an
RF Power Amplifier appears limited or
obvious. While there arc obvious uses,
there are many applications which are
not apparent. It is the purpose of this
article to enumerate and discuss both
application categories. The specific reo
quirements for the tests to be described
are as many and as varied as the systems
involved. For this reason, this ankle
will be limited to I general description
and/or example of each rest. Dewlcd
informacion on radio receiver testS may
be found in References 1 and 2, at the
end of the article.. Proccdures for radio
frequency intaference (RFI) testing ate:
given in References 3 and 4. Before
dealing directly with applications. let us
look It me specifications of the Type
230A Signal Generator Powa Amplifier
(Figure 1) and darify them where
necessary.

SPECIFICATIONS

!lADIO fREQUENCY CHARACTERIST'CS

U IANOE
T...I h".., 10 '0 $QQ m<
No. Ioowl., 6
10,,01 1••_, '0.'1.' m. 6$.12' ....

11.'-35 125-250 ....
U ..65 25O·$QQ ....

If C.......iooo, r_-.. of _.Il"""oft 1~,

--'o~'~
If OUTPUT
1 _ Up 1015 1..•• ·A.........,_150 ...... Iood
I , Up ,. 15 th·

.......... ..._1 50 ""'" IoocI
C.lil>roIiM: 0.2 10 3 ...11. f.. ,

iooa_.. of opp<Oll 5'li>
1.0'.10 ....... I .•,1__10 of _.Il 5'li>
2.0 ,. 30 ".th f ..,
I"............ of 0ppo.1l ,""

A<..." ••t' :':1.Odb of f"'1'0.2JOm<)
:':Udb .1 f.,. 250.5OOm<)

YOU WILL FIND, , .

Appli<.,io"••f r~. 51""., G.".,.,o,'.w., Ampll1io, ••••••••.•••••••
Uoi"l1 'ho fM SfOroo Mod"I..,., ..... 5
Editor'. Holo - 0 ftlolO, Wi....., •••.•

Lo.k_ 5uffIdotl'" low '0 """"it _,...-..
01 0.' ..oItr..

If .......Wth,· > 7OClll< \Io.,'llm<)
> I.""" 15G-'llOI7O<)
'f,_ i........r botw_ POI.."
3cIo OoW'll 1,_ moll. "_10.

If IN'UT
l ...I, ...:: 0.316 "01,," 130db lIOi"l (10.12"'".1

"" O.oI-U> "01,,' 21db lIOi" (125.2Sl1tft.c
",;: O.~ ...il.· (2~db lJlIl" (25O·5OOm.
"lor '0 ".11. ""p~' 1",0 50 ohm,

Im,.do"." 50 oh....

AMPLITUDE MODULATION CHA....CTEIISTleS
AM .... NGE, ~'Plod~... ",od~I..lo" 01 drl"l",

.;,,,•• lI4'"..Olor 0.100%'
AM OISTOITION, <I~ o<!dod •• dl"ortl ... 01

dri..i.., SI,....1 o..-o'or,·
"Up ,,, 5 ""It ......... com.. oulpvt "" up .0,...~
fREQUENCY MODUlATION eHA....CTER1Sl.eS

fM RAHOE, I......... ........1..10<0 of *hoI..,
~~_ u..". •• U,..ltod ..., "'" •

INe'OfNTAl AM, <I~" odd.d '0 ........Iotlon of
dri"i"ll Si_' o..-vtor
"A, ,5Olr.. ""1oIlon.

fM OISlOUION, NotIIl,lblo di"orti... odd.d 10
oI"..'ortion of drl...r"ll S,_.~ lor ....,._.i.... ...01 """",••tI...~ <1501<",

'HYSICAL CHAlAeTE••5TleS
MOUNTING, C.bl.... lor boftch <10.; b, "0. of

ultudod "'i,. .~!l"blo I •• 'P..I".h ...k ou".I",.
fiNISH, G,or ""';,,kl•. '''Ii',."o<l po".1 (o,h.. II".

I,h.....llobl••" .,.".1 o.do.).
DIMENSIONS, H.I,hl _ 1-3/'6"

Wldlh _ 19.'('"
Ooplh _ 11.1 /'6"

WEIGHT, Not, 31 Ib,.
0.001 hpon, " lbo.
G••n 000n0,,1., .., lbo.
l_' hpon, 43 'bo.

Pawn UOUIIEMENTS
UO-A,I05-IU/2,o.250"oIt"50---60",,.. 1;50 w_.

SIGNAL SOURCES
Virtually any signal soutC~, within th~

frcqu~ncy nnge of the 230A, may be
used. The obvious SO\.Irces arc signal
generators such as the BRC 225A gen
eral purpose signal generator, the 202
series PM-AM signal generatots, and
the 211A and 232A Navigation Aid
signal generators. Not so obvious, but
neverthelcss convenient signal sources,
arc the 26011. and 280A Q Mereu, the
250A RX Merer, crystal oscillators, erc.

AMPLIFIER, RECEIVER, AND
SYSTEM TESTING

Amplifier, receiver, or system tcsting
may take many forms. A few of these
resrs arc:

1. Overload tesrs.
2. AGe characteristics.
3. Sk.irt .selectivity.
4. Adjacent channel desensitization.
5_ Cross modulation and intermodula..

rion.
6. Image and IF rejection.

Connections for tests 1, 2, 3, and
6 are shown in Figure 2.

Overload T&$b
Overload tests are made (0 determine

the input level at which the outpur of
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Figure 2. Setup for Receiver Testing 

the unit under test departs from a speci- 
fied characteristic; i.e., linear, log-linear, 
etc., by a specified tolerance. Overload 
tests are usually made on circuits with 
active elements and are not restricted to 
the conventional superheterodyne re- 
ceiver. Single frequency and broadband 
amplifiers are also tested for overload. 

The output of the unit under test may 
be the input signal amplified, or the 
demodulated output (AM, FM pulse, 
etc.), or a voltage or current propor- 
tional to input, (analog digital, dc, etc.) . 

AGC Characteristics 
AGC (automatic gain control) char- 

acteristics are measured or determined 
by measuring the relationship between 
RF input voltage and the dc voltage bias 
developed by the AGC detector. It is 
often desirable to determine the RF level 
which will override the AGC and cause 
blocking and/or distortion. This level is 
often much higher than 500,000 micro- 
volts in well-designed systems. See Ref- 
erence 1 for measurement details. 

Skirt Selectivity 
Skirt selectivity testing of a communi- 

cations system requires that the per- 
formance of the frequency selective cir- 
cuits be determined at a frequency con- 
siderably removed from the desired 
frequency, or on the “skirts” of the 
resonance curve, where attenuation is at 
a very high value. Typical values gre 2 
to 5 volts for attenuation figures of 80 
to 120 db. In this test, one must be ever 
cautious of the possibility of overload 
occurring before the desired point on the 
skirt is reached. In AM systems, an in- 
crease in distortion indicates that over- 
loading has taken place and limits the 
extent of the “skirt” measurement.’ 

Adjacent Channel 
Desensitization Test 

Most communication centers transmit 
on many channels simultaneously. Usu- 
ally, a given receiver will be in contact 
with signals of less than 100 microvolts 
in strength, while one or more trans- 
mitters in the same room are operating 
at a frequency only a few channels from 
the receiver frequency. The receiver 
must not, therefore, be affected by strong 
signals in adjacent channels. It is for 

GENERATOR 
A M P L I F I E R  

Figure 3. Connections for Desensitization Test 

this reason that desensitization character- 
istics are specified by communication 
system designers, and that desensitization 
tests are made. 

Desensitization tests are made by con- 
necting the equipment as shown in Fig- 
ure 3. Signal generator #I is set to give 
a convenient metered detector level 
(sometimes specified for a given sys- 
tem). This is the “desired signal” on 
channel. Using signal generator #2 in 
conjunction with the 230A Power Am- 
plifier, the adjacent channel level is 
raised until the detector levef is reduced 
by a specific amount (usually 3 db).  
The reading on the 230A voltmeter is 
twice the voltage required for “desensi- 
tization.” 

Cross Modulation and 
Intermodulation 

Cross modulation and intermodulation 
tests are made on systems which are in- 
herently very linear. Intermodulation 
tests are performed by supplying two 
or more signals to a system and measur- 
ing the resultant spurious products. For 
example, two 15-Mc signals, spaced I kc 
apart, will produce a spectrum (Figure 
4) which can be analyzed to determine 
the amount of intermodulation. 

There are two approaches to this test 
depending upon the amount of inter- 
modulation expected. If the expected in- 
termodulation is greater than 296, a 
single 230A amplifier may be used; con- 
nected as shown in Figure 5 .  

Typical intermodulation performance 
data, taken with the 230A connected as 
in Figure 5 ,  is given in the table in 
Figure 6. The test unit was replaced by 
a 50-ohm termination and measurements 
were made at 15 Mc. 

The data in Figure 6 is indicative of 
the intermodulation present in the 230A 
Power Amplifier and expresses its lim- 

its for given output levels. Column 
“V1/V2 shows the value of the rms 
amplitude of each signal. Column T T ’ ’  

shows the meter indication when both 
signals are applied. The “db’ column 
indicates the level of theihighest spurious 
signal produced. It is the “db’ column 
which is most significant. For instance, a 
figure of 46 db is typical of a 0.5% 
product; consequently, system intermod- 
dation products of less than this figure 
will have little or no significance. Actu- 
ally, any change in the spurious output 
detected, when using a passive linear 
termination, indicates a departure from 
linearity or phase shift. However, evalu- 4 
ation of absolute value is impractical. 

There is another approach to the 
measurement of small amounts of inter- 
modulation, which, while not tested to 
date, theoretically should extend this 
measurement to another order of mag- 
nitude. The connections for this tech- 
nique are shown in Figure 7. (The 
meter switch is set to the “off” position 
for this application.) 

j b 2 l  40 60 
SPURlOl 

I 

, 
c , * c - - r  

15 I 5P”RldUS 
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I 

15nYc 

FREOUENOY 

Figure 4. Spectrum for Analyzing Amount of 
Intermodulation 

This system virtually eliminates the 
intermodulation products present or gen- 
erated in the driver stages of the 230A 
Power Amplifier. It also reduces the 
nonlinear effects of the dynamic plate 
resistance of the output stage by loading - 

it with considerable linear, passive re- 
sistance. It is estimated that a 10 db d 
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its for given OutpUt levels. Column
"VJlV~ shows rhe value of the rms
amplitude of each signal. Column "vT"

shows the meter indication when both
signals are applied. The "db" wlumn
indicates the level of thelhighest spurious
signal produced. Ir is the "db" column
which is most significant. For instance, a
figme of 46 db is typical of a 0.5%
product; consequently, system imermod
ulation products of less than this figure
will have little or no significance. Actu
ally, any change in the spurious OUtput
detected, when using a passive linear
termination, indicates a departure from
linearity or phase shift. However, evalu·
ation of absolute value is impractical.

There is another approach to the
measurement of small amounts of inter
modulation, which, while nor tested to
date, theoretically should extend this
measurement to another order of mag
nirnde. TIle connections for this tech
nique arc shown in Figure 7. (The
meter switch is set to the "off" position
for this application.)

'i9~,e .f. S~d,~m I.., Anoly,;ng Amounl of
Int.,mo"~Iol;"n

This system virtually eliminates the
inrermodulation products present or gen·
crated 10 the driver stages of the 230A
Power Amplifier. It also reduces the
nonlinear effects of the dynamic plate
resistance of the output stage by loading
it with considerable linear, passive re
sistance. It is estimated that a 10 db

".DIVIDER

RECEIVER :'\""

Fi9~'. 3. Conne<tion, 10' Duen,Hi,otion 7."

SIGNAl..
GENERATOR

No.1

Cross Modulation and
Intermodulation

Cross modulation and intermodulation
tests are made on systems which are in
herendy very linear. Intcrmodulation
testS are performed by supplying twO
or more signals to a system and measur
ing the resultant spurious products. For
example, twO 15-Mc signals, spaced I kc
apart, will produce a spectrum (Figure
4) which can be analyzed to determine
the amount of intermodulation.

There arc twO approaches to rhis test
depending upon the amounr of inter
modulation expected. If the expected in
termodulation is greater than 2%, a
single 230A amplifier may be used; con
nected as shown in Figure 5.

Typical intermodulation performance
data, taken with the 230A connected as
in Figure 5, is given in the table in
Figure 6. The test unit was replaced by
a 50-ohm termination and measurements
were made at 15 Me.

The data in Figure 6 is indicative of
the intermodulation present in the 230A
Power Amplifier and expresses its lim-

this reason that desensitization character
istics are specified by communication
system designers, and that desensitization
tests are made.

Desensitization tests are made by con
necting the e<juipmcnt as shown in Fig
ure 3. Signal generator #1 is set to give
a convenient metered detector level
(sometimes specified for a given sys
tem). This is the "desired signal" on
channel. Using signal generator #2 in
conjunction with the 230A Pow!:'r Am
plifier, the adjacent channel level is
raised until the detector level is reduced
by a specific amOUnt (usually 3 db).
The reading on the 230A voltmeter is
twice the voltage required for "desensi
tization:'

Skirt Selectivity
Skirt selectiviry testing of a communi

cations system requires that the per
formance of the frequency selective cir
cuits be determined at a frequency con·
siderably removed from the desired
frequency, or on the "skirts" of the
resonance curve, where attenuation is at
a very high value. Typical values lire 2
to 5 volts for attenuarion figures of 80
w 120 db. In this test, one must be ever
cautious of the possibility of overload
occurring before the desired point on the
skin is reached. In AM systems, an in
crease in distortion indicates that over·
loading has mken place and limits the
extent of the "skirt" measurement. 2

'i9~,e :I. Selup 10' R.ce;ye, r ••'ing

Adjacent Channel
Desensith:ation Tell

Most communication centers transmit
on many channels simultaneously. Usu·
ally, a given receiver will be in COntaCt
with signals of less than 100 microvolts
in strength, while one or more trans
mitters in the same room are operating
at a frequency only a few channels from
rhe receiver frequency. The receiver
must not, therefore, be affected by strong
signals in adjacent channels. It is for

the unit under tCSt departs from a speci
fied characteristic; i.e., linear, log-linear,
etc., by a specified tolerance. Overload
tests are usually made on circuits with
active elements and are not restriCted to
the conventional superheterodyne re
ceiver. Single frequency and broadband
amplifiers are also tested for overload.

The OUtput of the unit under test may
be the input signal amplified, or the
demodulated output (AM, FM pulse,
erc.), or a voltage or current propor
tional to input, (analog digital, dc, ere.).

AGe Characteristics
AGe (automatic gain control) char

acteristics are measured or determined
by measuring the relationship between
RF input voltage and the dc voltage bias
developed by the AGC detector. It is
often desirable to derermine the RF level
which will override the AGC and cause
blocking and/or distortion. This level is
often much higher than 500,000 micro
volts in welI-designed systems. See Ref
erence I for measurement details.

2
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Figure 5. Connections for Checking More than 2 %  Intermodularion 

p +lOdb 

ATTENUATOR 
K f c l O d b  

SIGNAL 230A 

coupling attenuator will be a good factor 
for VI/Vp values of 1 to 3 volts. Inter- 
modulation of 50 to 60 db should be ob- 
tainable using this technique. 

__ SPECTRUM TEST 
UNIT ANALYZER 

I. - 

For cross modulation tests, two signals 
are required; connected as shown in 
Figure 3. Signal generator #1 is set to a 
prescribed RF level (E1 and percent 
modulation) depending upon the system 
being tested. The demodulated output is 
noted. Signal generator #2 and the 230A 
Power Amplifier are then connected and 
set on an adjacent channel in accordance 
with the specific test to be made. Signal 
generator #2 is modulated in the same 
manner as signal generator #1, which 
is now set for CW or unmodulated op- 
eration. The output ( E2) from the 230A 
is increased until the demodulated out- 
put equals that noted previously. 

The cross modulation performance 
may then be calculated as follows: 

It should be observed that the de- 
modulated output falls off when E1 
only is removed. 

C, 1 2010g E2/E1. 

GENERATOR - POWER 
No. 2 AMPLIFIER 

Image and IF Rejection Tests 
Using the 230A Power Amplifier, IF 

rejection tests are made on receivers 
where this rejection is extremely high 
(in the order of 100 db or more). The 
image frequency (Fi) is that frequency 
which is twice the intermediate fre- 
quency (IF) away from the desired 
signal frequency (F,) , in the same direc- 
tion as the local oscillator (FI,). See 
Figure 8. 

IF rejection is made at the intermedi- 
ate frequency by driving into the re- 
ceiver front end. This attenuation level is 

- 

Figure 6. Typical Intermodulation Presenf 
in Type 230A 

usually much higher than image rejec- 
tion; so that even less sophisticated re- 
ceivers may require use of the 230A 
Power Amplifier. 

In AM systems, an increase in dis- 
tortion indicates that overloading has 
taken place. 

RF Wattmeter Calibration 
RF wattmeter calibration is accom- 

plished by using a standard signal gen- 
erator in conjunction with the 230A 
Power Amplifier as a power source. 

@ 
T 

1 THE BRC N O T E B V O K  is published 
four times a year by the Boonton Radio , Corporation. I t  is mailed free o f  charge 
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and electronics fields. T h e  contents may 
be reprinted only wi th  written permis- 
sion f r o m  the  editor. Y o u r  commenis 
a n d  s u g g e s t i o n s  a r e  w e l c o m e ,  a n d  
should be addressed to: Editor, T H E  
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Power is then connected to the standard 
wattmeter, and then to the wattmeter to 
be calibrated. Power up to 9 watts is 
available for short periods for this appli- 
cation. Higher than specified input 
levels are necessary, however. 

RF Voltmeter Calibration 
The procedure for RF voltmeter Cal i -  

bration is somewhat different than for 
wattmeter calibration, since the volt- 
meter is usually a relatively high im- 
pedance device. The National Bureau of 
Standards has developed an A-T (Atten- 
uator-Thermocouple) type standard RF 
voltmeter which may be used for this 
application. This instrument is a stand- 
ard for RF voltages from 1 to 300 volts 
at 10 to 1000 Mc. The output voltage 
of the 230A amplifier is a function of 
loading and can be increased many fold 
over the 50-ohm value. Experiments to 
date, using line stretchers, stub tuners, 
and resonant transformers, indicate that 
voltages from 60 to 100 volts may be 
developed for voltmeter calibration and 
other applications requiring large signal 
levels. 

COMPONENT TESTING 
Component testing usually takes the 

form of a breakdown or parameter 
change which can be checked after sub- 

m 

(KbJ 

Figure 7. Connections for Checking Small Amounts of Intermodulation 
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Power is then connected to the standard
wattmeter, anci then to the wattmeter ro
be calibrated. Power up to 9 wattS is
available for shorr periods for this appli
carion. Higher [han specified input
levels are necessary, however.
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coupling attenuator will be a good factor
for V dV2 values of 1 to 3 volts. Inter
modulation of 50 to 60 db shoulci be ob
tainable using this te<hnique.

For cross modulation tesrs, twO signals
are re<juired; conne<ted as shown in
Figure 3. Signal generator #1 is set to a
prescribed RF level (E I and percent
modulation) depending upon the system
being tested. The demodulated output is
noted. Signal generator #2 and the 230A
Power Amplifier arc then connected and
set on an adjacent channel in accordance
with the specific tesr to be made. Signal
generator #2 is modulared in the same
manner as signal generator #1, which
is now set for CW or unmodulated op
eration. The outpur (E2 ) from rhe 230A
is increased until the demodulated out·
pUt e<juals that notoo previously.

The cross modulation performance
may then be calculated as follows:
Cm = 2010g E2/EI •

It should be observed that the de
modulated output falls off when E I
only is removed.

Imoge ond IF Rejection Tests
Using the 230A Power Amplifier, IF

rejection tests arc made on receivers
where this rejection is extremely high
(in the order of 100 db at mate). The
image frequency (Fd is that frequency
which is twice the intermediate fre
quency (IF) away from the desired
signal frequency (Fo), in the same direc·
tion as the local oscillator (FlO)' See
Figure 8.

IF rejection is made at the intermedi
ate frequency by driving into the re
ceiver frOnt end. This attenuation level is

VIJvo VT db
I V 1.7 V -48
2v 3.5v -46
3v 5.6v -33
5v 8.7v -24
7v 11.6v -22

Figure 6. Typl<ol Inlermo<lulotion Pre.ent
in Type :l30A

usually much higher than image rejec
tion; so that even less sophisticated re
ceivets may fe<juite use of the 230A
Power Amplifier.

In AM systems, an increase in dis
torrion indiates that overloading has
raken place.

RF Wottmeter Calibration
RF wattmeter calibration is accom·

plished by using a standard signal gen
eraror in conjunction with the 230A
Power Amplifier as a power source.

3

RF Voltmeter Colibrotion
The proceciure for RF voltmeter cali

bration is somewhat ciifferent than for
warrmerer calibration, since the volt
meter is usually II. relatively high im
pedance device. The National Bureau of
Standards has developed an A·T (Atten
uaror-Thermocouple) type standard RF
voltmeter which may be used for this
applicarion. This insrrumem is a stand·
ard for RF voltages from 1 [Q 300 volts
at 10 to 1000 Me. The OutpUt voltage
of the 230A amplifier is a funaion of
lo.1ding and can be increased many fold
over the SO-ohm value. Experiments to
date, using line stretchers, stub tunel'S,
and resonant transformers, indiate that
voltages from 60 to 100 volts may be
developed for voltmeter calibration and
Other applications requiring large signal
levels.

COMPONENT TESTING
Component resting usually rakes rhe

form of a breakdown or parameter
change which can be checked after sub·
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Figure 8. Image Frequency 

jecting the component to higher voltage 
or power stresses than are normally en- 
countered in standard tests. Chokes, re- 
sistors, and capacitors are examples of 
such passive components. For example, 
in an actual test, a small 7.5ph choke 
subjected to 100 volts RF at 20 Mc, 
exhibited no change in Q or L after test- 
ing. It would be safe to conclude, there- 
fore, that these chokes could be used up 
to this level. This application could also 
be extended to active components. 

Diode rectification efficiency can be 
determined with the setup shown in 
Figure 9. The gain of power transistor 
circuits can be determined in a similar 
fashion, since the voltages are measure- 
able with existing RF voltmeters. Cir- 
cuits requiring high voltages; such as 
discriminators, limiters, power ampli- 
fiers, etc., may be supplied by the 230A. 
This is sometimes called “down-stage” 
testing. 

HIGH LEVPL DRIVER 
As a high level driver, the 230A can 

be used to power bridges and slotted 
lines to improve the resolution and ac- 
curacy of these measurements. Com- 
puters that require high level signals 
sources for synchronizing purposes at 
moderately high frequencies may also 
be driven by the 230A Power Amplifier. 

ANTENNA TESTING 
The 230A is capable of supplying 

moderate power for antenna measure- 
ments, while, at the same time, providing 
relatively small leakage from the Power 
Amplifier itself. This feature permits 
two antennas to be closer together, 
thereby shortening the range required. 

ATTENUATION MEASUREMENTS 
Using the 230A Power Amplifier and 

an RF millivolt meter, attenuation meas- 
urements can be made in the order of 
80 db. The 230A provides an additional 
28 to 40 db of gain or signal level (as- 
suming the circuit being measured will 
permit the high voltage) to add to the 
existing measuring system in the field of 
attenuation measurements. Filters, long 
transmission lines, etc., can be tested in 
this manner. 

LOW LEVEL AMPLIFIER 
As a low level amplifier, the 230A 

can be used to amplify small signals, such 
as a crystal spectrum at a given fre- 
quency, for frequency drift measure- 
ments. 

PE A h  

FILTER 

POWER 
AMPLIFIER 

FILTER 
~ 

AMPLIFIER 

Figure 9. C o n n e c t i o n s  f o r  C h e c k i n g  D i o d e  
Rectification Efficiency 

FREQUENCY MULTIPLYING 
A number of approaches to this ap- 

plication are possible. First, it is possible 
to amplify the harmonics present in the 
input signal. The output under these 
conditions is in the order of 0.2 to 0.5 
volts, with 0.2 volts of fundamental 
input. Another approach is to use a 
semiconductor harmonic generator to 
augment the harmonics present in the 
input signal. This technique yields sev- 
eral volts output, depending upon the 
input levels available. If sufficient input 
is available, the 230A input stage may 
be overdriven and the attendant dis- 
tortion will produce higher harmonic 
levels. Approximately 1 to 2 volts may 
be expected for inputs of the order of 
1 volt. Crystal frequency synthesizer 
output may be multiplied as many as 
ten times, extending the usefulness of 
these units to the UHF range. 

RADIO INTERFERENCE TESTING 
Other applications of the 230A Power 

Amplifier are found in the Radio Fre- 
quency Interference (RFI) field of 
measurements. 

Screen Room Testing 
Screen rooms are used to reduce RPI 

in cases where equipment being tested, 
or operated, is capable of causing RFI, 
or is sensitive to RFI. The screen room, 
in either case, must provide a prescribed 

amount of attenuation; usually in the 
order of 100 db or more. 

A method for testing screen rooms is 
described in Military Specification, MIL- 
E-4957-A (ASG). This method has be- 
come general practice. The specification 
includes a test at 400 Mc; a frequency 
that has proved to be rather critical, re- 
gardless of room size. 

In general, the procedure for making 
this 400 Mc test is as follows (Figure 
10). First, a clear channel at approxi- 
mately 400 Mc should be selected by 
listening with the field intensity meas- 
uring or receiving equipment antenna, 
outside the shield room. The antenna is 
placed a few inches from the outside of 
the screen room to be tested, several feet 
from the transmittins antenna. If the 
receiving equipment has a calibrated 
attenuator system, the signal generator 
and Power Amplifier may be operated at 
full output, and the attenuator set to 
give a convenient meter reading on the 
receiving equipment. Alternatively, the 
receiving equipment can be set to high 
sensitivity and the signal generator level 
adjusted to produce a convenient meter 
reading. The receiving antenna is then 
moved inside the screen room and placed 
within a few inches of the wall being 
tested. With full output from the 230A, 
the receiving antenna is used as a probe, 
along the seams, etc., and the point of 
maximum leakage is determined. The 
appropriate attenuator setting is read as 
the shielding attenuation figure. The 
procedure is repeated for the other walls 
of the screen room. 
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Figure 10. Setup for Screen Room Testing 

A paper5 was given at the 1961 IRE 
Convention in New York which de- 
scribed another approach for measuring 
shielding performance at critical fre- 
quencies. One of these frequencies is 
the frequency (f,,) at which the screen 
room is resonant; usually between 50 

readily detected using a grid-dip meter 
technique. The procedure, described in 
the IRE paper, for making the attenua- 
tion measurement is basically the same 
as previously described except that the. 
measurement is made at the center of 
the screen room. 

and 200 MC. The frequency (f,) can be 1 

~ 

\ 

4 i 

BOONTON .ADIO CO.PORATION

'Ig.... 10. $., ..,. lOt $c,.... Roo," , ..,i.. ,

1

,·-;;;;;;···.-
,..

,<"_._~K. -.-...." -'r-~-'

amount of anenuation; usually in the
order of 100 db or more.

A meU10d for testing screen rooms; is
described in Military Specification, MIL
E4957·A (ASG). This method has be
come genenJ practice. The SpecifiOltion
includes a test at 400 Mc; a frequency
thar has proved to be rather critical, re
gardless of room size

In general, the procedure for making
this 400 Me test is as follows (Figure
10). First, a dear channel at approxi
mately 400 Mc should be selected by
listening with the field intensity meas
uring or receiving equipment antenna,
outside the shield room. The antenna is
placed a few inches from the outside of
the screen room to be tested, several feet
from the uansmirring amenna. 1£ the
teceiving equipmem has a calibrated
att~nuatOr system, the signal generator
and Power Amplifier may be operated at
full OUtpUt, and the anenuatot set to
give a conveni~m m~ter reading on tbe
receiving equipment. Alternatively, tbe
recc..iving equipment can be set to high
sel15iriviry and the signal generator levd
adjusted to produce a convenient meter
reading. The receiving antenna is then
mO\'ed inside the screen room &nd placed
within a few inches of tbe wall being
tested. With full OUtpUt from the 23011..
the receiving antenna is used as a probe.
along the seams, etc., and the point of
maximum leakage is determined. The
appropriate attenuator setting is read as
th~ shielding anenuarion figure. The
procedure is r~peated for the other walls
of the Kreen room.

A paper!) was given at the 1961 IRE
Convention in New York which de
scribed anOther approach for measuring
shielding performance at aiticaJ fre
quencies.. One of these frequencies is
the frequency (Eo) at which the screen
room is resonant; usually between ~O

and 200 MC The frequency (Eo) can be
readily detected using a grid-dip meter
technique. 'f1le' proced~. described in
the IRE paper, for maklOg the· attenua
tion measurement is basically the same
as previously described except that the'
measurement is made at the center of
rh~ screen room.
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RADIO INTERFERENCE TESTING
Other appliOltio05 of the 230A Power

Amplifier are found in the Radio Fre
quency Interfercoc~ (RFI) field of
measurements.

lOW LEVEl AMPLIFIER
As a low level amplifier, the 230A

can be used to amplify small signals, such
as a crystal spectrum ar a given fre
quency, for frequency drift measure·
ments.

AnENUATlON MEASUREMENTS
Using the 230A Power Amplifier and

an RF millivolt meter, anenuation meas
urements can be made in the order of
80 db. The 230A provides an additional
28 to 40 db of gain or signal level (as
suming the circuir being measured will
permit the high volage) to add to the
existing measuring system in the field of
anenuacion measur~m~nts. Filters, long
ual15mission lines, etc.. can be tested in
this manner.

Screen Room Testing
Screen rooms are used to reduce RFI

in cases where equipment being tested.
or operated. is capable of causing RFI,
or is sensitive to RFt. The screen room,
in either c:a.se, must provide II. prescribed

FREQUENCY MULTIPLYING
A number of approaches to this ap

plication are possible.. Fint, it is possible
to amplify the harmonics present in the
input signal Th~ OUtput under these
conditions is in the order of 0.2 [0 0.5
voles. with 0.2 voltS of fundamental
input. A.nother approach is to use a
semiconducror harmonic generator [Q

augment the harmonics present in the
input signal This technique yields sev·
eral voles outpUt, depending upon the
input levels available. If sufficient input
is available, the 230A input stage may
be overdriven and the atrendant dis
tortion will produc~ high~l harmonic
levels. Approximately 1 to 2 volts may
be expe<t~d for inputs of the order of
1 volt. Crystal frequency synthesizer
output may be multiplied as many as
ten times, extending th~ usefulness of
these unitS [0 the UHF range.

'i""•• ,. COIIIIUli••• '0' CI,.d'j"lJ 0;0<1.
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ANTENNA TESTING
The 230A is capable of supplying

moderate power for antenna measure
menu, wh.ile. at the same tim~, providing
relatively small leakage from th~ Power
Amplifier itself. This feature permits
twO antennas to be closer together,
thereby shortening the range required.

jecring the component to higher volrage
or power srresses than are normally en
count~red in standard tests. Chokes. r~·

sistors, and Olpacitors are examples of
such passiv~ componems. For exampl~.

in an actual test. a small 7.5~ chok~

subjected to 100 volts RF at 20 Mc,
exhibited DO chang~ in Q or L alter test
ing. It would be safe to condud~, th~re

fore. that these chokes could be used up
to this lev~L This appliOltion could abo
be extended to activ~ com~nts.

Diod~ rtctificltion dficiency can be
d~t~rmined with the setup shown in
Figur~ 9. Th~ gain of pow~r tr'al15istor
circuits can be d~termined in a similar
fashion, sinc~ the voh:ages are measure·
abl~ with ~ltisting RF voltm~t~rs. Cir·
cuits requiring high voltages; such as
diKriminators, limiters, pow~r arnpli.
fi~rs, etc., may be supplied by the 230A.
This is som~times Ollled "down-sttlg~"

testing.

HIGH LEVEL DRIVER
As a high level dtiv~r, th~ 230A can

be used to power bridges and slOtted
lines to improve th~ resolution and ac·
curacy of these measurements. Com·
puters that requir~ high level signals
sources for synchronizing purposes at
mod~rarely high frequencies may abo
be driven by th~ 230A Power Amplifier.
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Other RFI Applications 
Other RFI applications include pow- 

ering of probes, loops, etc., for the test- 
ing of filters, shielded cables3, and small 
compartments. It is also possible to con- 
duct “Standard Susceptibility to Radia- 
tion Tests.”* The output of the 230A 
Power Amplifier is sufficient to set up 
standard field intensities of greater than 
1 volt per metzt throughout most of the 
frequency range. 

L/ 

ii 

Additional Performance Data 
The following performance data has 

been taken on the 230A, and, while not 
incorporated into the specifications, is 
considered typical of production units. 
Noise Figure - Approximately 8 db, or 

about 4 microvolts per Kc of bandwidth. 
Power Output - It has been found that 
if enough drive is available, the 230A 
may produce as much as 16 watts for 
short periods of time without damage 
at some frequencies. 

Conclusion 
We have presented here many of the 

applications of the 230A Power Ampli- 
fier. Even at this writing, additional ap- 
plications are in the making. These will 
be taken up in subsequent issues of the 
Notebook, as the details become known. 

The author wishes to thank Mr. Fritz 
Popper of Shielding, Inc., Messrs. Sidney 
White and Guy Johnson of USASRDL, 
and the BRC Engineering Staff for their 
comments and assistance given during 
the preparation of this article. 
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INTRODUCTION 

With the approval of an FM Stereo 
broadcast system by the FCC on April 
20, 1961, as specified in FCC Docket 
13506, BRC designed and made avail- 
able the Type 219A FM Stereo Modu- 
lator, a stable, easy to use, compact, 
economical source of the multiplex s i g  
nal for use with FM Signal Generators, 
or for direct use with receiving multi- 
plex adapters. Complete details of the 
basic design and circuitry of the Modu- 
lator may be found in Notebook No. 
30. The purpose of this article is to 
describe the various tests which may be 
performed with this new instrument, 

AREAS OF APPLICATION 

The Type 2 19A FM Stereo Modulator 
finds application in the design, produc- 
tion testing, and servicing of FM multi- 
plex receivers and adapters. The ex- 
treme versatility of the instrument in 
providing both standard and non-stand- 
ard signal outputs make it ideal for 
laboratory use. The reliable, compact 
design, and the relatively high available 
output, permitting the operation of sev- 
eral test stations from a single modula- 
tor, make it well suited for production 
line applications. The functional con- 
trols and convenient output meter fulfill 
the requirements of service applications, 

~ 

Figure 1 .  Type 219A FM Stereo Modulator 

METHODS OF OPERATION 

The Type 2 19A FM Stereo Modulator 
generates the complete multiplex signal, 
consisting of ( L  + R ) ,  ( L  - R ) ,  and 
19 KC pilot and may be externally fed 
with an SCA sub-carrier. Employing 
either the internal 1 KC oscillator or 
an external tone or program source, the 
output may be used directly for the 
testing of multiplex adapters or other 
base-band circuitry in the 50 cps - 
70 KC range. 

Alternatively, the output of the mod- 
ulator may be used to modulate a suit- 
able FM Signal Generator, such as the 
BRC 202E or 202H, to provide a com- 
plete multiplex signal at RF, simulating 
transmissions in the 88-108 MC broad- 
cast band. The Type 519A Adapter 
provides a convenient means of inter- 
connecting these instruments and per- 
mits use of the modulating oscillator in 

the 202E/H as an audio tone source 
to accomplish fidelity and distortion 
measurements from 50 cps to 15 KC 
without an external audio oscillator. The 
“set” position on the 2 19A output mode 
switch permits convenient setting of 
FM deviation on the signal generator to 
equate 100% multiplex output to 75 
KC deviation. 

DEFINITION OF TESTS 

Essentially, there are four basic tests 
which may be performed with the Type 
219A FM Stereo Modulator alone or 
in combination with a suitable FM Sig- 
nal Generator. 

1. Stereophonic or Channel 
Separation 

Stereophonic or channel separation, 
usually expressed in db, is the ratio of 
the signal output from an excited 

5 

THE NOTEBOOK

Other RFI Applications
Othet RFI applications include pow

eting of probes, loops, etc., for the test
ing of filters, shielded eables s, and small
compartments. It is also possible to con
duct "Standard Susceptibility to Radia
tion Tests." ~ The Output of the 230A
Power Amplifier is sufficient to set up
standard field imensities of greater than
1 volt per met~c throughout most of the
freql,leney range.

Additional Performance Data
The following performance data has

been taken on the 230A, and, while not
incorporated into the specifications, is
considered typical of production unitS.
Noise Figure - Approximately 8 db, or

about 4 microvolts per Kc of bandwidth.
Power Output - It has been found that
if enough drh'e is available, the 230A
may produce as much as 16 watts for
short pericxls of time without damage
at some fre<:juencies.

Conc:lusion
We have presented here many of the

applications of the 230A Power Ampli
fier. Even at this writing, additional ap·
plications are in the making. These will
be taken up in subsequent issues of the
Notebook, as the details become known.

The author wishes to thank Mr. Fritz
Popper of Shielding, Inc., Messrs. Sidney
White and Guy Johnson of USASRDL,
and the BRC Engineering Staff for their
comments and assistance .'liven during
the preparation of this article.
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Using the FM Stereo Modulator
Willard J. Cerney, Sales Ettgineer

DEFINITION OF TESTS

•

Essentially, there are four basic teStS
which may be performed with the Type
219A PM Stereo Modulator alone or
in combination with a suitable FM Sig
nal Generator.

the 202E/H as an audio tOne source
to accomplish fidelity and distOrtion
measurements from 50 cps to 15 KC
wirhout an external audio oscillator. The
"set" position on the 219A OUtpUt mode
switch permits convenient setting of
FM deviation on rhe signal generator to
e<:jullte 100% multiplex OUtpUt to 75
KC deviation.

1. Stereophonic or Channel
Separation

Stereophonic or channel separation,
usually expressed in db, is the ratio of
the signal OUtput from an excited
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METHODS OF OPERATION

The Type 219A FM Srereo Modulator
generates the complete multiplex signal,
consisting of (L + R), (L - R), and
19 KC pilot: and may be exrernally fed
with an SCA sub-carrier. Employing
either the internal 1 KC oscillator or
an external tOOl" or program source, the
Output may be used directly for the
resting of multiplex adapters or Other
base·band circuitry in the 50 cps 
70 KC range.

Alternatively, the output of the mod·
ulatOr may be used to modulate a suit
able FM Signal Generator, such as the
BRC 202E or 202H, to provide a com·
plete multiplex signal at RF, simulating
transmissions in rhe 88·108 Me broad·
cast band. The Type 519A Adapter
provides a convenient means of inter
connecting these instruments and per
mits use of the modulating oscillator in

--• •

With the approval of an FM Stereo
broadcasr sysrem by the FCC on April
20, 1961, as specified in FCC Docket
13506, BRe designed and made avail
able the Type 219A FM Stereo Mcxlu
latOr, a stable, easy to use, compact,
economical source of the multiplex sig
nal for use with FM Signal Generators,
or for direct use with receiving multi
plex adapters. Complete derails of the
basic design and circuitry of the Mcxlu
!ator may be found in Norebook No.
30. The purpose of this article is to
describe the various tests which may be
performed with this new instrument.

INTRODUCTION

AREAS OF APPLICATION

The Type 219A FM Stereo Modulator
finds application in the design, produc.
tion testing, and servicing of FM multi·
plex receivers and adapters. The ex
treme versatility of the insrrument in
providing both standard and non-stand-

\ ard signal OutPUtS make it ideal for
laboratOry use. The reliable, compaCt
design, and the relatively high available
ourput, permitting the operation of sev
eral test stations from a single modula
tor, make it well suited for produCtion
line applications. The functional con·
troIs and convenient ourpur meter fulfill
rhe requirements of service applications.
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SCOPE MULTIPLEX 
A D A P T E R  

INPUT OUTPUT 

219 A 

VERT. SYNC. b(S O U T Y  

channel ( L  or R )  to the residual or 
undesired output present on the non- 
excited channel ( R  or L ) .  
2. (1 + R) - (1 - R) Crosstalk 
(L + R )  - (L  - R )  Crosstalk is 

the residual or undesired ( L  + R )  or 
( L  - R )  output when either L = R 
or L = -R, respectively, in the multi- 
plex signal. 

3. Electrical Fidelity and Distortion 
Electrical fidelity and distortion are 

measured conventionally on both (L)  
and ( R )  channels over the audio fre- 
quency range from 50 cps to 15 KC. 

4. Nan-Standard Signal Makeup 
Nonstandard signal makeup involves 

the setting of ( L  + R ) ,  (L - R ) ,  
and/or 19 KC pilot levels over a range 
simulating the effects of propagation; 
eg., multipath transmission. 

TEST SETUPS AND 
INTERCONNECTIONS 

Typical equipment setup and inter- 
connections for the tests, listed above, 
are shown in block diagram form in 
Figures 2 through 4. Figure 2 shows 
the connections for measurement of a 
multiplex adapter or base-band cir- 
cuitry of a receiver. Figure 3 shows the 
connections for measurement of an FM 
receiver and multiplex adapter (or mul- 
tiplex receiver). Figure 4 is essentially 
identical to Figure 3 except that a dis- 
tortion analyzer, output meter, or other 
suitable instrument is connected in 
place of the oscilloscope for testing re- 
covered audio. 

AUXILIARY TEST EQUIPMENT 
REQUIREMENTS 

The approved stereo broadcasting 
system employs base-band frequencies 

Figure 3. Connections for Complete System Test 

Figure 4. Connecfions for Fidelity and Distortion 

over the range from 50 cps to 75 KC 
and it is essential that all auxiliary 
equipment have adequate bandpass ca- 
pabilities to handle the complex wave- 
forms with negligible time delay and 
amplitude variation over this range. A 
typical FM Signal Generator must have 
adequate FM modulation bandwidth in 
terms of sufficiently constant amplitude 
response and time delay in order to 
maintain stereo separation and should, 
of course, introduce minimum ampli- 
tude distortion. 

While the levels of the various com- 
ponents of the multiplex signal can be 
readily and precisely adjusted using the 
peak reading output meter on the 
219A, an external oscilloscope is de- 
sirable to measure and interpret the 
performance of the receiver or adapter 
under test. The oscilloscope used must 
possess minimum variation in ampli- 
tude response and linearity of phase vs. 

PHASE RELAT1ONSHIP OF l g K C  b.NO JBKC 
WAVEFMM INDlC"ITING UNBmANNCLD SUB- 
CARRIER OUTPUT FROM z l g a  

Figure 5. Waveforms 219A 

frequency within 2 1/2' from 50 cps 
to 70 KC. Figure 5Ashows a typical 
oscilloscope pattern for a properly bal- 
anced multiplex signal (without 19 KC 
pilot). The flat base line indicates am- 
plitude identity between ( L  + R )  and 
( L  - R ) ;  a small and tolerable amount 
of phase shift is indicated by the non- 
coincidence of the zero crossings on the 
base line. Figure 5B indicates amplitude 
unbalance (excess L - R )  with ap- 
proximately the same phase shift pres- 
ent in Figure.5A.It is important to note 
that this amplitude and phase shift, 
viewed on the oscilloscope, may be due 
to either improper adjustment of the 
219A (readily checked on the output 
meter ) or inadequate response char- 
acteristics of the oscilloscope. The peak 
voltmeter in the 219A may be relied on 
to indicate equality of L + R and 
L - R signal peak amplitudes to better 
than kl%. 

OSCILLOSCOPE SYNCHRONIZATION 

The oscilloscope may be synchronized 
with either the audio tone input signal 
or the 19 KC pilot carrier, generated in 
the 219A. The audio sync signal should 
be obtained from the external tone 
source or the right ( R )  input terminals 
of the 219A if the internal 1 KC tone 
oscillator is used. The 19 KC sync 
signal is available directly from a jack 
on the rear of the 219A. When audio 
tone synchronization is employed, the 
oscilloscope pattern for the complete 
multiplex signal, including 19 KC pilot 
carrier, is shown in Figure 5 C. 

~ 

CHANNEL IDENTIFICATION 

It is often necessary to identify left 
( L )  and right R )  channels. While such 
identification can be made by observing 
the multiplex signal presentation with 
audio sync on an oscilloscope and ap- 
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channel (lor R) to the residual or
undesired outpur present on the non
excited channel (R or 1).

2. (l + R) - (l - R) Crosstalk
(L + R) - (L - R) Crosstalk is

the residual or undesired (L + R) or
(L - R) ourput when either L = R
or L = -R, respeCtively, in the multi
plex signal.

3. Electrical Fidelity and Distortion
Electrical fidelity and distortion are

measured convenrionally on both (l)
and (R) channels over the audio fre
quency range from 50 cps to 15 KC.

4. Non-Standard Signal Makeup
Non·standard signal makeup involves

the serring of (L + R), (L - R),
and/or 19 KC pilm levels over a range
simulating the effects of propagation;
eg., rnultipath transmission.

TEST SETUPS AND
INTERCONNECTIONS

Typical equipment setup and inter
connections for the tesrs, listed above,
are shown in block diagram form in
Figures 2 through 4. Figure 2 shows
rhe connections for measurement of a
multiplex adapter or base-band cir
cuitry of a receiver. Figure 3 shows the
connections for measuremenr of an FM
receiver and mulciplex adapter (or mul
~iple~ receive~). Figure 4 is essentially
Identical to FIgure 3 except thar a dis
tortion analyzer, Output meter, or other
>suirable insrrument is connecred In
place of the oscilloscope for testing re
covered audio.

AUXILIARY TEST EQUIPMENT
REQUIREMENTS

The approved stereo broadcasting
system employs base·band frequencies

219A I. MliLTIPLn ,,~
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"ULT''''-EX "aNAL ". tHAHH[L

IK SYNC.

';gu,. 2. C<lnn_dion. fOT Ch_.king Multiplu
Ad<lpteT

..,. '" ....n t. • ... <NO__","" .,.....
....00<

';9"'. J. Conn••,ion• fo, Compl.l. $y...m 7..,

Fi9"'. 4. Conne.tjon. lor Fideli,y "nd Di.'or/jon

over the range from 50 cps to 75 KC
and it is essential that all auxiliary
equipment have adeqllate bandpass ca
pabilities to handle the complex wave
forms with negligible time delay and
amplitude variation over this range. A
typical FM Signal Generator must have
adequate FM mooulation bandwidth in
terms of sufficiently constant amplirude
response and time delay in order to
maintain stereo separation and should,
of course, introduce minimum ampli
tude distOrtion.

While the levels of the various com
ponents of the multiplex signal can be
readily and precisely adjusted using the
peak reading output meier on the
219A, an external oscilloscope is de
sirable to measure and interpret the
performance of the receiver or adapter
under tesc. The oscilloscope used must
possess minimum variation in ampli
tude response and linearity of phase vs.

6

frequency within ± }-20 from 50 cps
to 70 KC. Figure 5Ashows a typical
oscilloscope pattern for a properly bal
anced multiplex signal (without 19 KC
pilot). The flat base line indicates am
plitude identity between (L + R) and
(L - R); a small and tolerable amount
of phase shifr is indicated by the non
coincidence of rhe zero crossings on the
base line. Figure5B indicares amplitude
unbalance (excess L - R) with ap
proximately the same phase shift pres
ent in Figure5A.It is important to note
that this amplitude and phase shift,
viewed on the oscilloscope, may be due
to either improper adjustment of the
219A (readily checked on the output
meter) or inadequate response char
aCteristics of the oscilloscope. The peak
voltmeter in the 219A may be relied on
to indicate equality of L + Rand
L - R signal peak amplitudes ro bener
than ±I%.

OSCillOSCOPE SYNCHRONIZATION

The oscilloscope may be synchronized
with either the audio tOne input signal
or the 19 KC pilot carrier, generated in
the 2l9A. The audio sync signal should
be obtained from the external tone
source or the right (R) input terminals
of the 219A if the internal 1 KC rone
oscillatOr is used. The 19 KC sync
signal is available directly from a jack
on the rear of rhe 219A. \When audio
tOne synchronization is employed, the
oscilloscope pattern for the complete
multiplex signal, including 19 KC pilot
carrier, is shown in Figure 5 C.

CHANNEL IDENTIFICATION

It is often necessary ro identify left
(L) and right R) channels. While such
identification can be made by observing
the multiplex signal presentation with
audio sync on an oscilloscope and ap-

• A.>....(.
~ 1
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plying the basic definitions in FCC 
Docket 13506, a far simpler and easier 
method is available. In this method, the 
multiplex signal is observed using the 
19 KC sync output of the 219A, phase- 
shifted 45”, on the external input of the 
oscilloscope as shown in Figure 6. The 
phase-shift network, including typical 
component values, is shown in Figure 
7. The oscilloscope patterns that will 
result from audio tone signals on either 
the right ( R )  or left ( L )  channel are 
shown in Figures 5Dand 5E. 

L’ 

OUTPUT % 22K TO SCOPE 
22oPf:: 

PHASE-SHIFT , 219pI A%:Qr-lvi 
OUTPUT S C O P E  

VERT SYNC 

Figure 6. Connections for Channel Identification 

MODULATOR BALANCE 

The 38 KC carrier, generated by the 
balanced modulator, must, of course, be 
properly suppressed and the 219A is 
specified to produce less than 0.5% of 
38 KC, when properly adjusted, com- 
pared to the level of the composite 
output. Proper balance will produce the 
waveform shown in Figure 5A;the wave- 
form resulting from a grossly unbal- 
anced sub-carrier output is shown in 
Figure 5F. 

-’ 

PHASING OF 19 KC AND 38 KC 
CARRIERS 

Proper phasing of the 19 KC pilot 
carrier and the 38 KC carrier, modu- 
lated by ( L  - R ) ,  is essential for 
proper demodulation in the receiver. 
This phasing in the 219A may be 
readily verified by observing oscillo- 
scope patterns of ( L  - R )  and 19 KC 
pilot, employing the setup shown in 
Figure 6 ,  except that the sync input of 
the scope is fed from the audio tone 
signal. A typical waveform with nearly 
correct phasing is shown in Figure5G; 
the “diamond” pattern, in the center 
of the display, should be perfectly sym- 
etrical. Incorrect phasing is shown in 
Figure 5H 

I I 

Figure 7. Phase Shift Nefwork 

TEST PROCEDURES 

Stereophonic or Channel Separation 

1. Adjust the 219A for standard mul- 
tiplex output with an audio tone signal 
of the desired frequency applied to 
either the left ( L )  or right ( R )  channel. 

2. Adjust frequency, modulation, and 
output of signal generator; also fre- 
quency and output of receiver. (This 
step is omitted if measurements are to 
be made directly at base-band, elirni- 
nating the signal generator). 

3. Adjust receiver stereophonic con- 
trols for maximum audio output from 
channel on which audio tole signal 
has been applied and minimum output 
from undesired channel. If receiver or 
adapter has not been previously aligned, 
also adjust matrix to optimize these 
conditions. 

4. Measure the audio output levels or‘ 
the desired and undesired channels. 
Alternatively, the 2 19A audio tone 
modulating signal may be reversed to 
the opposite channel, thereby permit- 
ting reading of audio output to be made 
on either channel individually. 
NOTES: ( a )  The receiver or 

adapter matrix and stereophonic 
balance controls are usually ad- 
justed for optimum separation at 
1 KC; measurements at other 
audio tone frequencies are then 
made without disturbing these 
settings. 
( b )  Since the audio output of the 
receiver or adapter under test may 
include 19 KC and/or 38 KC 
components, either low-pass filters 
(15 KC cut-off) should be in- 
serted between the audio outputs 
and the indicating voltmeters or 
readout should be made on an 
oscilloscope, ignoring the 19 and 
38 KC components in the measure- 
ment. 

(1 + R) - (1 - R) Crosstalk 

1. Repeat steps 1 thru 3 under 
separation. 

2. Select L + R or L - R by means 
of the function switch and measure the 
undesired L + R or L - R output in 
the device under test. If a 19 KC pilot 
is required, cross-connect (parallel) the 
219A left ( L )  and right ( R )  inputs to 
obtain ( L  - R )  null or, conversely, 
provide left ( L )  and right ( R )  inputs 
so that L = -R. providing ( L  + R )  
null. ( I f  the 219A internal 1 KC oscil- 

lator is employed, switching may be 
conveniently performed by operating 
the matrix switch). 

3. Measure the undesired ( L  + R )  
or ( L  - R )  output, respectively, in the 
receiver or adapter under test. 
NOTE: If an FM Signal Generator 

is employed for measurements 
through the RF section of a re- 
ceiver, crosstalk, prior to demodu- 
lation due to overload in the re- 
ceiver, may be detected by varying 
the RF output level of the signal 
generator. 

Electrical Fidelity and Distortion 

1. Repeat steps 1 thru 3 under 
separation. 

2. Measure the audio output level 
from the receiver or adapter at selected 
frequencies in the 50 cps to 15 KC 
range. 

3. Measure the distortion on the re- 
ceiver or adapter audio output at: se- 
lected frequencies in the 50 cps to 15 
KC range. 
NOTE: The audio tone input to the 

219A must be readjusted for stand- 
ard level at each test frequency. 

Non-Standard Signal Makeup 

Repeat steps 1 thru 3 under separa- 
tion, modifying the levels of 19 KC 
pilot carrier, (L  + R ) ,  and (L - R )  
to simulate the desired test condition. 
NOTE: Receivers and/or adapters, 

especially those employing phase- 
locked sub-carrier oscillators, should 
be tested at various levels of 19 
KC pilot carrier. 

CONCLUSION 

The Type 219A FM Stereo Modula- 
tor is an excellent source of FM stereo 
multiplex baseband signals for use with 
FM signal generators or for the direct use 
with receiving multiplex adapters. When 
used with the BRC Types 202E or 
202H signal generators, the instru- 
ment provides modulated RF stereo 
multiplex signals which are of a ouality 
better than that specified by FCC. The 
versatility and reliability of the instru- 
ment, together with its compactness of 
design, relatively high available output, 
functional controls, and convenient out- 
put meter, make it a valuable tool for 
use in the design, production testing, 
and servicing of FM multiplex receivers 
and adapters. 
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lator is employed. switching may be
conveniently performed by operating
the matrix switch).

3. Measure the undesired (L + R)
or (L - R) ourput, respectively, in the
receiver or adapter under rest.

NOTE: [f an FM Signal Generator
is employed for measurements
through the RF section of are·
ceiver, crosstalk, prior to demodu·
lation due to overload in the re
ceiver, may be detected by varying
the RF OutpUt level of the signal
generator.

Non-Standard Signal Makeup

Repeat steps 1 theu 3 under separa
tion, modifying the levels of 19 KC
pilot carrier, (L + R), and (L - R)
to simulate the desired test condition.

NOTE: Receivers and/or adapters,
especially those employing phase
locked sub·carrier oscillators, should
be te5ted at variO\15 lcveb of 19
KC pilot carrier.

CONCLUSION

The Type 219A FM Stereo Modula
ror is an excellent source of FM stereo
multiplex baseband signals for use with
FM signal generators or for the direct use
with receiving multiplex adapters. When
used with rhe BRC Types 202E or
202H signal generator5, the instru
ment provides modulated RF stereo
multiplex signals which are of a ouality
better than that specified by FCC. The
versatility and reliability of the instru
ment, together with irs Compacrness of
design, relatively high available Output,
funCtional conrrols, and convenient our
pUT merer, make ir a valuable tool for
use in rhe design, ptoduction testing,
and servicing of FM multiplex receivers
and adapters.

Electrical Fidelity ond Distortion

1. Repear steps I thru 3 under
separation.

2. Measure rhe audio Output level
from the receiver Ot adapter at selected
frequencies in rhe 50 cps to 15 KC
range.

3. Measure the distortion on the reo
ceiver or adapter audio Output at se
lected frequencies in the 50 cps to I j

KC range.
NOTE: The audio tone input ro the

219A must be readjusted for stand
ard level ar each tesr frequency.

TEST PROCEDURES

Stereophonic or Channel Seporotion

L Adjust the 219A for standard mul
riplex output with an audio rone signal
of the desired frequency applied to
either the left (1) or right (R) channel.

2. Adjust frequency, modulation, and
Output of signal generator; also fre
quency and Output of teceivet. (This
stcp is omitted if measurements are to
be made directly at base-band, elimi
nating the signal generator).

3. Adjust receiver stereophonic con
trols for maximum audio Output from
channel on which audio to-'e signal
has been applied and minimum Output
from undesired channel. If receiver or
adapter has not been previously aligned,
also adjust matrix to optimize these
conditions.

4. Measure the audio OutpUt levels of
the desired and undesired channels.
Alternatively, the 219A audio tone
mooulating signal may be teversed 1O

the opposite channel, rhetehy permir.
ting reading of audio OUtput to be made
on either channel individually.

NOTES: (a) The receiver or
adapter matrix and stereophonic
balance controls are usually ad
justed for optimum separation at
1 KC; measuremenrs at orher
audio tOne frequencies are then
made without disrurbing these
settings.
(b) Since the audio ourput of rhe
receiver or adapter under resr may
include 19 KC and/or 38 KC
components, either low-pass filters
(IS KC cut-off) should be in
serted between the audio OutputS
and the indicating voltmeters or
readout should be made on an
oscilloscope, ignoring the 19 and
38 KC components in the measure·
ment.

(L + R) - (L- R) Crosstalk

I. Repeat steps I theu 3 under
separation.

2. Seleer L + R or L - R by means
of the funerion switch and measure the
undesired L + R or L - R OutpUt in
the device under tcsc. If a 19 KC pilot
is required, cross·connect (parallel) the
219A left (L) and tight (R) inputs to
obtain (L - R) null or, conversely,
provide [eft (L) and right (R) inputs
so that L = -R. providing (L + R)
null. (If tht' 2 L9A internal I KC oscil-

sco.~

OUTPUT
TO SCOPE

Y

..., .."'"

•
30<

I

19KC IN

MODULATOR BALANCE

The 38 KC carrier, genenued by the
balanced mooularor, must, of course, be
properly suppressed and the 219A is
specified ro produce less than 0.5% of
38 KC, when properly adjusted, com
pared to the level of th~ composite
output. Proper balance will ptoduce [he
waveform shown in Figure5A;the wave
form resulting from a grossly unbal
anced sub-carrier Output is shown in
Figure 5F.

plying the basi<: definitions in FCC
Docket 13506, a fat simplet and easiet
method is available. In this method, the
mulriplex signal is observed using the
19 KC sync Output of the 219A, phase
shifted 45°, on tht external input of the
os<:iJloscope as shown in Figure 6. The
phase-shift network, including typical
<:omponent values, is shown in Figure
7. The oscilloscope patterns rhat will
result from audio rone signals on either
the right (R) or left (L) channel are
shown in Figures 5Dand 5E.

PHASING OF 19 KC AND 38 KC
CARRIERS

Proper phasing of the 19 KC pilot
carrier and the 38 KC cartier, moou
lated by (L - R), is essential for
proper demooulation in the receiver.
This phasing in the 219A may be
readily verified by observing 05cillo·
scope patterns of (L - R) and 19 KC
pilot, employing the setup shown in
Figute 6, excepr that the sync input of
the scope is fed from the audio tone
signal. A typical waveform with nearly
COrren phasing is shown in Figure5G;
the "diamond·' pattern, in the center
of the display, should be perfectly sym
etrica1. Incorrect phasing is shown in
Figure 5H
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HEW LETT-PACKARD ,' - 
(CANADA) LTD. L/ 

APPOINTED EXCLUSIVE 
CANADIAN REPRESENTATIVE 

EDITOR'S NOTE 
Q Meter Winner 

BRC is pleased to announce the ap- 
pointment of Hewlett-Packard (Canada) 
Ltd., effective July 1, 1962, as our exclus+ 
ive Canadian representative. With of- 
fices in Toronto, Ottawa, and Montreal, 
and warehouse facilities in Montreal, we 
are in a position to offer improved serv- 
ice to our many Canadian customers. Ad- 
dresses and telephone numbers of these 
new offices are given on the back page 
of this issue. 

The circuit displayed at the IRE show 
has been carefully measured on the Type 
280A UHF Q Meter and the Q is 142 1. 
The winning estimate of 1450 was sub- 
mitted by Mr. Jan Solomon, Manage- 
ment Engineer with Federal Electric 
Corp., Paramus, N. J. Second, with an 
estimate of 1480, is Mr. B. Nohre, an 
Engineer from Stockholm, Sweden. 

estimates in the contest ranged 
from 1 to more than 25,000, with 40 
persons guessing within 2% and 2 1  
persons guessing within 1% of the 
measured Q. The distribution of esti- 
mates over the entire range of estimates 
is shown in the bar graph. 
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Hewlett-Packard (Canada) Ltd.-Montreal Off ice 

&- 
ALBUQUERQUE, New Mexico 

NEkLY ENTERPRISES 
6501 Lomas Blvd., N.E. 
Telephone: 255-5586 
TWX: AQ-172 

DENVER 10, Colorado 
LAHANA & COMPANY 
1886 South Broadway 
Telephone: PEarl 3-3791 
TWX: DN 676 

SALT LAKE CITY 15, Utah 
LAHANA & COMPANY 
1482 Maior Street 
Telephone: Hunter 6-8166 
TWX: SU 586 

SAN DIEGO. California 

LOS ANGELES, California 
NEELY ENTERPRISES 
3939 Lankershim Blvd. 
North Hollywood, California 
Telephone: TRiangle 7-1282 
TWX: N-HOL 7133 

ATLANTA, Georgia DETROIT, Michigan 
S. STERLING COMPANY 
21250 10-1/2 Mile Road 
Southfield, Michigan 
Telephone: 442-5656 
TWX: SFLD 1141 

BlVlNS & CALDWELL, INC. 
3110 Mdple Drive, N.E. 
Tel. Atlanta, Georgia 233-1141 
TWX: AT 987 

BINGHAMTON. New York 

MONTREAL, P.Q., Canada NEELY ENTERPRISES 
HEWLETT-PACKARD (CANADA) LTD. ~ p : , " , , " , " ~ ~ ' 3 ~ ~ ~ ~ ~ ~ y  3-8103 
8270 Mayrand Street 
Telephone: 735-2273 TWX: SD 6315 

SAN FRANCISCO, California 
NEELY ENTERPRISES 
501 Laurel Street 
San Carlos, California 
Telephone: 591-7661 
TWX: S CAR-BEL 94 

ORLANDO, Florida 
BCS ASSOCIATES 
P.O. Box 6941 
601 N. Fern Creek Drive 
Telephone: CHerry 1-1091 
TWX: OR 7026 

E. A. OSSMANN & ASSOC., INC. 
FORT WORTH, Texas 149 Front Street 

Vestal, New York 
Telephone: STillwell 5-0296 
TWX: ENDICOTT NY 84 

EARL LIPSCOMB ASSOCIATES 
Telephone: EDisan 2-6667 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES, INC. 
734 ~~~l~~ A~~~~~ 
Telephone: 246-5686 
TWX: HF 266 

BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
P.O. Box 390 
Tele hone. OAkwood 7-6400 
TWA ROCKAWAY NJ 866 

SEATTLE 9, Woshingfon 
ARVA, INC. 
1320 Prospect Street 
Telephone: MAin 2-0177 
TWX: SE 733 

PHOENIX, Arizona 
NEELY ENTERPRISES 
771 South Scottsdale Rood 
Telephone: 945-7601 
TWX: SCSDL 547 BOSTON, Massachusetts 

INSTRUMENT ASSOCIATES, INC. 
30 Park Avenue 
Arlin ton Mass 
Telepflon;: 648-2922 
TWX: ARL MASS 253 

HIGH POINT, North Carolina 
BlVlNS & CALDWELL, INC. 
1923 North Main Street 
Telephone: 882-6873 
TWX: H PT 454 

SPOKANE 10, Washington 
ARVA. INC. 
East 127 Augusta Avenue 
Telephone: FAirfax 5-2557 

PITTSBURGH 27, Pennsylvania 
S. STERLING COMPANY 
4232 Brownrville Road 
Telephone: Tuxedo 4-5515 

ARVA, INC. 
2035 S. W. 58th Avenue 
Telephone: CApital 2-7337 

RICHMOND 30, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point Avenue 
Telephone: 355-7931 
TWX: RH 586 

PORTLAND, Oregon 

ROCHESTER 25, New York 
E. A. OSSMANN & ASSOC., INC. 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

HOUSTON 5. Texas 
EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: Mohawk 7-2407 
TWX: HO 967 

ST. PAUL 14, Minnesofa 
CROSSLEY ASSOC., INC. 
842 Raymond Avenue 
Telephone: Mldway 6-7881 
TWX: ST P 1181 

SYRACUSE, New York 
E. A. OSSMAN & ASSOCIATES, INC. 
P. 0. Box 128 
101 Pickard Drive 
Telephone: GLenview 4-2462 
TWX: SS 355 

CHICAGO 45, Illinois 
CROSSLEY ASSOC INC. 
2501 W. Peterson xve. 
Telephone: BRoadway 5-1600 
TWX: CG508 

CLEVELAND 24, Ohio HUNTSVILLE, Alabama 
5. STERLING COMPANY 
5827 Mayfield Road Telephone: 534-5733 
Telephone: Hlllcrest 2-8080 
TWX: HLCT 372 

EARL LIPSCOMB ASSOCIATES 
3605 lnwood Road 
Telephone: Fleetwood 7-1881 
TWX: DL 411 

BlVlNS & CALDWELL, INC. 

(Direct line to Atlanta] 

lND1ANAPOLl.S 5, lndiana 
CROSSLEY ASSOC., INC. 
3919 Meadows Drive 
Telephone: Llberty 6-4891 
TWX: IP 545 

DALLAS 9, Texas 
TORONTO, Ontario, Canada 

HEWLETT-PACKARD (CANADA) LTD. 
1415 Lawrence Avenue W 
Telephone: 249-9196 

DAYTON 19, Ohio LAS CRUCES, New Mexico 

114 South Water Street 

TWX: LAS CRUCES NM 5851 

CROSSLEY ASSOC INC. NEELY ENTERPRISES 
2801 Far Hills Avehe  
Telephone: AXminster 9-7002 Telephone: 526-2486 
TWX: DY 306 

SACRAMENTO, California 
NEELY ENTERPRISES 
1317 Fifteenth Street 
Telephone: Gllbert 2-8901 
TWX: SC 124 

TUSCON, Arizona 
NEELY ENTERPRISES 
232 South Tuscon Blvd. 
Telephone: MAin 3-2564 
TWX: TS 5981 

BOONTON RADIO CORPORATION 

Printed in U.S.A. 
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HEWLEn.PACKARD
(CANADA) LTD. -J

APPOINTED EXCLUSIVE
CANADIAN REPRESENTATIVE

BRC is pleased to announce the ap·
poinrment of Hewlett·Packard (Canada)
Ltd.,effcctive}uly t, 1962, as our exclus·
ive Canadian representative. With of·
fkes in Toronto, Onawa, and Montreal,
and warehouse facilities in Montreal, we
arc in a position to offer improved serv-
ice to our many Canadian customers. Ad·
dres.scs and telephone numbers of these
new offices arc given on the back pagco
of this Wue.
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EDITOR'S NOTE

The circuit displayed at the IRE show
has been carefully measured on rhe Type
280A UHF Q Meter Ind the Q is 1421.
The winning estimare of 1450 was sub
mitted by Mr. Jan Solomon, Manage
ment Engin«:r with Federal Elccuic
Corp., Paramus, N. }. Second, wirh an
estimare of 1480, is Mr. B. Nohre, an
Engineer from Stockholm, Sweden..

Q cs(imarcs in (he contesr ranged
from 1 to more (han 25,000, wirh 40
persons guessing within 2% and 21
persons guessing within I % of the
measured Q. The distribution of esti
mates over the entire range of estimates
is shown in the bar graph.

Q Meter Winner

1.;==============;;;; BOONTON RADIO CORPORATION ;;;;==============;;!J
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New Techniques In FAA Linearity Measurement 

JOHN 

INTRODUCTION 
It has been characteristic of the 

development of electronic systems and 
terminal equipment that effort has been 
continually devoted to methods of 
making the output of the equipment 
or system more faithfully reproduce 
the important characteristics of the in- 
put. A major consideration of this na- 
ture has been improvement in the 
linearity of the transfer characteristics 
of devices, equipment, or systems. 
While there are equipment and devices 
in which some function, other than a 
straight line, is wanted between the 
input and output, the straight line or 
linear relationship is by far the most 

.~ common. There are several detailed 
motivations for this activity which have 
slightly different connotations in vari- 
ous fields of endeavor. However, it is 
possible to generalize on some of the 
factors that push development in the 
direction of improved linearity of trans- 
fer characteristic. In the fields of com- 
munication equipment development, ex- 
treme linearity did not become of major 
importance until these systems were 
directed toward more efficient use of 
the frequency spectrum. This frequently 
results in multiple channel transmis- 
sion in which nonlinearity of the trans- 
fer characteristic causes unwanted cross- 
talk between the various channels. 

In recent times, the use of communi- 
cations type systems for the transmission 
of scientific, commercial, and other 
forms of data has become common. 
Since the information being transmitted 
has other than a subjective end result, 
the accuracy of data transmission is 
related to the linearity of the transfer 
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Figure I ,  Transfer Characteristic wi th  Typical Nonlinearity 

characteristic. Even in the field of 
entertainment electronics, pressure for 
inore faithful reproduction has been 
continuous. A recent development in 
this field, that of a system of FM 
Stereo Multiplex transmission, 1.  has 
forced the manufacturers of FM trans- 
mitters and receivers for the enter- 
tainment field to improve the linearity 
of their equipment to minimize cross- 
tnlk between the Monaural and Stereo 
channels of the system. One fact that 
should be noted i\ that ,  becn~ise of  thc 
different objectives and the different 
technologies which have developed 
around these objectives, the effects of 
nonlinearity in the transfer character- 
istic are described in many different 
terms. 

GENERAL COMMENTS ON 
NONLINEAR DISTORTION 

Before discussing the detailed tech- 
niques of measurement, it might be 
well to consider what we really mean 
by "nonlinearity", and the distortion 
which results therefrom Nonlinearity, 
as used in this discussion, refers to that 
characteristic of a circuit which causes 
the output to be related to the input 

by other than a straight line function. 
As a result, the circuit may not be 

with time as the independent variable." 
Many tcrms are used to describe 

distortion due to this concept of non- 
linearity. In order that we may clearly 
understand the problems, a few defini- 
tions will be resorted to. Nonlinear 
Distortioiz has been defined by the IRE 
Standards on Circuits as "Distortion 
caused by a deviation from a desired 
linear relationship between specified 
measures of the output and input of 
a system." 
NOTE: The related measures need not 

be output and input values of the 
same quantity; e.g., in a linear de- 
tector, the desired relation is between 
the output signal voltage and the 
input modulation envelope." 
Other names used to describe the ef- 

fects of nonlinear distortion are A m p l i -  
t ude  Distortion, W a v e f o r m - A m p l i t u d e  
Distortion, and Harmonic  Distortion. 
In addition to these names, there are 
specific means of measuring non- 
linearity among which are Tota l  Per- 
cent Harmonic  Distortion and Inter-  

specified by linear differential equ? ' t lons  ' 
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by other than a .straight line funCtion.
As a resuh, the circuit may nOt be
specified by linear differential <-'quanons
with dme liS the indcpendem variable. It
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linearity. [n order that we may dead)·
understand the problems. a few defini
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chamcteristic. Even in the field of
ell[erra.i~n[ electronics, pressure for
more faithful reproduction has been
cominliOliS. A recent developmcnt in
this field, that uf Jl system of FM
StCreo MuLtiplex transmission, I. 2 has
forced the manufacturers of FM trans
miners and receivers for the cmer
rainment field to improve the linearity
of their equipment to minimize cross·
t:tlk becw(-en lhe Monaural and Sten...,
dlannels of the SYStem. One fact that
should be IlOtOO i~ fh:\{. b...'C\U'iC "f th('"
differem obiecliv..:s and the differl::m
t~hnologies which have developed
uound these objeccives, the effect.s of
nonlinearity in {he transfer character
istic are dt'SCribed in many differem
terms..

GENERAL COMMENTS ON
NONLINEAR DISTORTION

Before di5CUSSing the del2iled tech
niques of fl1C1SUremem, i{ might be
well to consider wh:lI we rC2J1y mean
by "nonIinearif)''', and the distonion
.....hich results therefrom. Non/lnearity.
as used in (his discussion, refers to that
characterhric of a circuit which causes
the OUtpUt to be related ro the input
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INTRODUCTION
It hu been charaCteristic of the

development of electronic systems and
terminal equipment that effort has been
cominuaUy devoted to methods of
making the OUtput of the equipment
or SYStem morc faithfully reproduce
the imporram char.tctcrisrics of lhe in
pUt. II major consider-nioo of this na
rure has been improvement in the
linearity of me transfer characteriStics
of devices, equipment, or syStems.
While theu are equipment and devices
In ....hich 50me function, other than a
Slt1light line, is wanted between the
input and OUtput, the Slraiglll line or
linear relationship is by fu rhe most
common. There are several detailed
motivations for this activity which have
slightly different CQlU\O£ariol15 in vari·
ous fi~1ds of endeavor. Howev~r, it is
possible to generalize on som~ of lhe:
faclOl"5 mat push developmeOi in ch~

direccion of improved linearic)' of trans
fer charnct~risdc. In the fields of com·
munication equipment devclopmenc, ex
crcmc linearity did not become of major
importanCe until these systems were
directed roward more eHidenc use of
the frequency spectrum. This frequently
resuhs in multiple channel cransmis
sion in which nonlinearity of Ihe u-ans
fer characteristic causes unwanted cross
falk between the various channels.

In recelll limes, rhe use of communi
alions type systems for (he transmission
of scientific, commercial, and Other
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has Olher Ihan a subjectivl." ~nd resole,
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rnoduldtion Distortion. It should be 
stressed, that while there may be dif- 
ferent names for the effects of non- 
linearity and many different standard 
ways of expressing the effects numer- 
ically, all of these related types of dis- 
tortion stem’ from the same nonlinearity 
of the transfer characteristic as discussed 
above. 

The casual reader of papers on dis- 
tortion in the field of sound reproduc- 
tion, may be left with the feeling that, 
somehow, there is a large difference 
between intermodulation distortion 
( IM)  and total percent harmonic dis- 
tortion ( H D ) .  While there may be 
advantages in one system of measure- 
ment or the other, when it is desired 
to relate the numerical result of the 
measurement to the subjective responsc 
of the listener, it should be remem- 
bered that finite results in either an 
IM or H D  measurement occur due to 
nonlinearity of the transfer character- 
istic, and measurement by either method 
may be analytically related for any 
specific shape of curve. Further dis- 
cussion of this may be found in Ref- 
erence 4. 

A related case occiirs in the meas- 
urement of deviation from a frequency 
modulated source by zero beating an- 
other RF source with the peak excur- 
sions of the FM carrier. Then, the 
frequency of this source, for zero beat 
with the upper and lower FM excur- 
sions, is measured and compared with 
the unmodulated FM carrier. Equality 
of these differences has sometimes been 
taken as evidence of good linearity. 
That this is not so, can be seen in 
Figure 1. Since voltages VI and V:, have 
been chosen equal and opposite, and 
the resulting frequencies, f l  and f:<, 
are equidistant from the origin, the 
condition of the beat frequency meas- 
urement is described. However, the 
transfer characteristic shown is any- 
thing but linear. It is true, though, that 
che symmetry about the unmdoulated 
carrier, so measured, indicates a predom- 

inance of odd-order harmonic distortion. 
Asymmetry about the unmodulated 
carrier is a strong indication of even- 
order distortion. 

Many observers have commented on 
this so called “FM carrier shift” or dif- 
ference in frequency between the average 
carrier frequency (when modulated ) 
and the unmodulated carrier. This is 
due to the “DC’ or constant term which 
appears in a Fourier expansion of 
the polynomial representation of a 
transfer function with even-order curva- 
ture (second harmonic or “squared” 
terms), and is a reliable indication of 
the presence of even-order harmonic 
distortion; usually second harmonic. 

F 
rrgure LA. unaisrorrea Am ,pecrrum 

AM SIDEBANDS = fc 2 nfmod , 

FREQUENCY- 

FM SIGNAL GENERATOR 
MEASUREMENT 

In the development of the Type 
202J and 202H FLU Signal Generators, 
Boonton Radio Company faced a spe- 
cific aspect of the nonlinearity problem 
Since we were designing a linear fre- 
quency modulator, it was necessary that 
we be able to measure the transfer 
characteristic nonlinearity of this mod- 
ulator to a high degree of precision 
An obvious way to accomplish this 
would be to measure the results of fre- 
quency modulation through a perfectly 
linear demodulator. However, it is 
somewhat difficult to produce the per- 
fect demodulator without having a per- 
fect modulator with which to meas- 
ure it. Therefore, another method wac. 
needed. Let us examine some common 
techniques. 

In the simple case of amplitude mod- 
ulation, it is possible, by means of a 
suitable wave analyzer, to measure the 
frequency spectrum resulting from the 

modulation process. If the modulating 
signal is free of distortion and the mod- 
ulation process is perfectly linear, the 
resulting spectrum in the vicinity of the 
carrier will contain only the carrier and 
the two sidebands, separated from the 
carrier by the modulation frequency as 
seen in Figure 2A. If nonlinearity of 
the transfer characteristic exists, the re- 
sults may be as shown in Figure 2B. 
Here, the appearance of sidebands, sep- 
arated from the carrier by integral mul- 
tiples of the modulating frequency, is 
not only qualitative evidence of non- 
linear distortion, but affords a measure 
of this distortion if the amplitudes of 
all the sidebands relative to the car- 
rier are determined. 

In the FM case, for deviations and 
modulation frequencies for which the 
modulations indices, defined as 

- 

peak deviation 

modulating frequency 
m =  

are appreciably greater than unity (the 
usual case), the resulting frequency 
spectrum becomes exceedingly com- 
plex, even for an undistorted modula- 
tion process.5 In the presence of non- 
linearity of the frequency modulator, 
the spectrum becomes even more com- 
plex; thus ruling out spectrum analy- 
sis as a simple means of measuring 
nonlinearity. 

A second method for measuring a 
frequency modulator transfer charac- 
teristic is possible, if the modulator is 
capable of operation at dc. This method 
consists of introducing a known incre- 
ment of modulating voltage and meas- 
uring the resulting frequency incre- 
ment. Its precision is limited by the 
stability of the carrier frequency in 
the absence of modulation and the 
ability to read small increments in volt- 
age and frequency precisely. Modern 
measuring equipment has solved the 
latter two problems, but not the former. 

In addition to the matter of preci- 
sion, it was desired by BRC to be able 
to make adjustments on the frequency 
modulator for minimum nonlinearity as 
a result of an instantaneom display of 
nonlinearity of the frequency modu- 
lator. This same need is felt by de- 
signers and manufacturers of FM trans- 
mitters and receivers. 

- 

DEVELOPMENT OF THE METHOD 
In order to best understand the method 

to be described, let us avoid specific 
numbers or circuits, and resort to a gen- 
eral discussion of a circuit which relates 
a change in voltage to a change in fre- 
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modulation DiJtortion. It should be
snessed, that while there may be dif·
ferent names for the effecrs of non
linearity and many differem srandard
ways of expressing the effects nllmer
icalJr, all of t:hese rebted types of dis
ronion stem' from the same nonlinearity
of the transfer characteristic as discussed
above.

The Clsual reader of papers on dis
tortion in the field of sound reprodllC
tion, may be left with the fecling that,
somehow, there is a brge differenu'
between imcrmodllbtion distortion
(1M) and rotal percent harmonic dis·
rortion (HD). While there may be
advantages in one system of measure
ment or the other, when it is desired
to relate the numerical resulr of the
measurement to the subjective response
of the Iisrener, it should be remem
bered that finite resllhs in either an
11f or HD measuremem occur due to
nonlinearity of the l!1msfer character
istic, and measurement by either method
may be analytically related for any
specific shape of curve. Further dis·
cussion of this may be found in Ref
erencc 4.

A related case occurs in the meas·
urement of deviation from a frequency
modulated source by :tero beating an
other RF source with the peak excur·
sions of the FM carrier. Then, rhe
frequency of this SOutce, for zero beat
with the upper and lower FM excur
sions, is measured and compared with
the unmodulated FM cartier. Equality
of these differences has sometimes been
taken as evidence of b'OOd linearity.
That this is not so, can be seen in
Figure 1. Since voltages V I and V:l have
been chosen equal and opposite, and
the resulting frequencies, f1 and f:l'
are equidist:ant: from the origin, t:he
condition of the beat frequency meas
urement is described. However, the
transfer characteristic shown is any
thing bm linear. It is twe, though, that
the symmetry abour the unmdoulated
carrier, so measured, indic:ucs a predom-

inance of odd-order harmonic distOrtion.
Asymmerry about the unmodulated
carrier is a strong indication of even
order distortion.

Many observers have commented on
this so ClUed "FM carrier shift" or dif
ference in frequency betwccn the averagl'
carrier frequency (when modulated)
and the unmodulalccl carrier. This is
due 10 the "DC' or consrant term which
appears in a Fourier expansion of
the polynomial representation of a
transfer function with even-order curva
tUre (second harmonic or "squared"
terms), and is a reliable indication of
the presence of even-order harmonic
discortion; usually second harmonic.
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FM SIGNAL GENERATOR
MEASUREMENT

In the development ot the Type
202) and 202H FM Signal Generators,
Boonton Radio Company faced a spe
cific aspecr of the nonlinearity problem.
Since we were designing a linear fre·
quency modulator, it was necessary thaI
we be able to measure the transfer
characteristic nonlinc-arity of this mod
ulator to a high degree of precision.
An obvious way to accomplish this
would be ro measure the results of fre
quency modulation through a perfe<:tly
linear demodulatOr. However, it i_~

somewhat difficult to produce t:he per·
fect demodulator without having a per·
fect modulator with which ro meas·
ure it. Therefore, another method wa~·

needed. Let us examine some common
techniques.

In the simple case of amplilUde mod
Illation, it is possible, by means of a
suitable wave analyzer, to measure the
frequency spt'nrum resulting from the
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modulation process. If the modulating
signal is free of disrortion and the moo
ulation process is perfectly linear, the
resulting spectWm in the vicinity of t:he
Clrrier will contain only the carrier and
the tWO sidebands, separated from rhe
Clrrier by the modulation frequency as
seen in Figure 2A. If nonlinearity of
the t:ransfer characteristic exists, the reo
sults may be as shown in Figure 2B.
Here, [he appearance of sidebands, sep
arated from the carrier by integral mul
tiples of the mooulating frequency, is
nor only <Jualitative evidence of non
linear disrorrion, but affords a measure
of this disfOnion if the amplitudes of
all the sidebands relative to the car
rier are determine<:!.

In the FM case, fOf deviat:ions and
modulation frequencies for which the
modulations indices, defined as

peak deviation
m ~ -'--:--,-----,-----,

modulating frequency
are appre<:iably greater than unity (the
usual case), the resulting frequency
spectrum becomes exceedingly com
plex, even for an undisroned modula·
tion process. r, In rhe presence of non·
linearity of the frequency modularor,
the spenrum becomes even more com
plex; thus wling out spectrum analy
sis as a simple means of measuring
nonlinearity.

A second method for measuring a
frequency modulator transfer charac·
teristic is possible, if the modulator is
capable of operation at de. This merhod
consistS of introducing a known incre·
ment of modulating voltage and meas
uring the resulting frequency incre
ment. Irs precision is limited by t:he
srability of the carrier frequency in
the absence of modulation and me
abilit:y to read small increments in volt
age and frequency precisely. Modern
measuring equipment has solved the
latt:er twO problems, bur not the former.

In addition to the matter of preci.
sion, it was desired by BRC to be able
to make adjustments on rhe freq\lency
modularor for minimum nonlinearity as
a result of an instantaneous display of
nonlinearity of the frequency modu
lator. This same need is felt by de
signers and manufacturers of FM trans
mitters and receivers.

DEVELOPMENT OF THE METHOD
In order to beSt undersrand rhe method

to be described, let us avoid specific
numbers or circuits, and rt:SOrt to a gen
eral discussion of a circuit which relateS
:1 change in voltage to a change in he-
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quency or vice versa. This covers the 
general case of frequency modulators 
and demodulators. Reference to Figure 1 
will show the transfer characteristic of 
such a circuit. The horizontal axis rep- 
resents changes in voltage and the ver- 
tical axis changes in frequency. Either 
may be the independent variable for 
purposes of our discussion. Shown 
dotted is a reference straight line which 
passes through the origin, as does the 
arbitrary nonlinear curve. Our problem 
is to measure the departure of the ac- 
tual curve from the ideal straight line. 
A corollary to this problem is to define 
the initial relationship of the straight 
line to the actual curve. This may be 
done in several ways. It has. been com- 
mon for people in the telemetry and 
data transmission field to be interested 
in the instantaneous departure of their 
actual transfer. characteristic from the 
ideal straight line. This stems. from 
their historical use of such characteris- 
tics to transmit simple analog informa- 
tion. Several ways have been used to 
express this, but a common one is illus- 
trated in the performance specification 
of the BRC 2025 Telemetry Signal 
Generator. Here, the reference straight 
line chosen is thqt line for which the 
rms sum of the differences between the 
actual curve ordinates and the straight 
line ordinates is a minimum. Another 
method would be to have the average 
departure a minimum, or the peak de- 
parture a minimum. For small, low 
order, nonlinearities, there is little dif- 
ference between these cases. 

Figure 1 shows that one way to de- 
scribe the departure of the curve from 
the straight line is to measure a large 
number of individual ordinates of the 
actual curve, subtract them from the 
ordinates of the straight line, and re- 
port the differences in tabular or curve 
form. This type of data would result 
from a point-by-point measurement of 
the characteristic, using an electronic 
counter to measure the frequency and 
a precision incremental voltmeter for 
the voltage axis. This technique is not 
instantaneous, even when automated, 
and yields more data than can be con- 
veniently digested quickly. 

It is also evident in Figure 1, that if 
the slope of the actual curve- could be 
compared, at any point, with that of 
the straight line, a relationship cover- 
ing the nonlinearity could be readily 
developed. Pursuing this line of reason- 
ing, it should be possible to make an 
incremental measure of the slope of the 
curve by introducing a small amplitude 
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Figure 38. Nonlinear FM Demodulator - 
Linear FM Modulator Spectrum 
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Figure 3C. Plot of d f / d V  of Figure 1 

sine wave of voltage, Ef,, (if voltage 
were the desired independent variable) 
superimposed on a direct voltage. The 
direct voltage may then be varied. If 
the resulting frequency variation, due to 
the small constant amplitude search volt- 
age Ef ~, were measured at each value of 
V, and plotted as a function of V over 
the entire range of interest of the volt- 
age axis, a plot of the varying slope of 
the actual transfer characteristic would 
result. The extent to which this de- 
parts from the slope of the straight 
line, is a measure of the nonlinearity 
of the transfer characteristic. This 
method sounds relatively .laborious, 
until it is realized that this can be done 
.dynamically by allowing V to vary over 
the desired dynamic range at a sinus- 
oidal rate, f,. The slope of the transfer 
characteristic can be plotted on an oscil- 
loscope by driving the vertical axis with 
an amplitude proportional to nf and 
the horizontal axis with a voltage pro- 
portional to V, and varying at rate f,. 

Let us now consider the case of a 
linear frequency modulator and fre- 
quency demodulator, to which we will 
apply the two test voltages, Efo and V,, 
with the understanding that VrS is of 

such magnitude as to sweep through 
the entire dynamic range of interest 
and that Ef,is very much smaller than 
Vf,, typically one-tenth as great. This 
situation is shown in Figure 3. 

As might be expected, the output 
spectrum of the linear demodulator 
driven by the linear modulator is simply 
Er, and VrS, with the amplitude rela- 
tionship established by the input. If 
we now further assume that the fre- 
quency modulator is linear, but that 
the frequency demodulator is nonlinear 
(curve of the nature shown in Figure 
l ) ,  we realize that if Ef,were to be 
plotted as a function of Vfs, we would 
approximately plot the slope of the 
transfer characteristic being studied, 
namely, that of the assumed nonlinear 
demodulator. Therefore, we may write 

df 
(EP,,), where df/dV that Af = - 

dV 
is recognized as the slope of the trans- 
fer characteristic in Figure 1. 

Another view of the same phenom- 
ena is' shown in Figure 3B. This shows 
the output spectrum of the nonlinear 
demodulator driven by the linear mod- 
ulator, and with the input as assumed 
previously. The output spectrum is now 
far more complicated than in the linear 
case (Figure 3A), consisting not only 
of Vr, and E$,, but also of integral mul- 
tiples with decreasing amplitude of 
both f. and f,, and sum and difference 
frequency terms resulting from the non- 
linearity of the transfer characteristic. 

Figure 3C shows the df/dV curve as 
determined by plotting the amplitude 
of Af from the demodulated output as 
a function of Vfs. This woqld be an 
accurate plot of the transfer eharacter- 
istic slope if the magnitude of Er, in 
the input were made vanishingly small 
compared to Vf,. For the cases studied 
by the writer, this approximation is en- 
tirely satisfactory if V,/Ef,, - 10. It 
should be emphasized that Figure 3C 
and the spectrum plot of Figure 3B 
contain the same information concern- 
ing the transfer characteristic nonlinear- 
ity, but displayed in a different man- 
ner. The question now is, how may we 
simply achieve such a display? 

The block diagram of Figure 4 shows 
the introduction of a bandpass filter 
which accepts f, and the significant 
sidebands about it due to f,, and the 
display of the resulting carrier envelope 
on the vertical axis of an oscilloscope. 
The horizontal axis is driven by the 
initiating Vf, from the input of the 
frequency modulator. Figure 5 shows a 
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quency or vice versa. This covers the
general case of frequency modularors
and demodulators. Reference to Figure I
will show the transfer chanlCterisric of
such a circuit. The horiwntal axis rep'
resents changes in voltage and the ver
rical axis changes in frequency . ..Either
may be the independent variable for
purposes of our discussion. Shown
dotted is a reference straight line which
passes through the origin, as does rhe
arbitrary nonlinear curve. Our problerp
is to measure the departure of (he ac·
mal curve from the ideal straight line.
A corollary to this problem is to defin<:
the initial relalionship of rhe straight
line to the aCtual curve. This may be
done in several ways. 11 has. been com
mon for people in the lelemetry and
data transmission field to be interested
in lhe instantaneous deparwre of their
aaual transfer. characleristic from the
ideal straight line. This SIems from
their historical use of such characteris
tics to transmil simple analog informa·
rion. Several ways have been u~ to
express this, but a commo·n one is iUus
uated in the performance specificarion
of the BRC 202J Telemeny Signal
Generator. Here, the reference straight
line chosen i~ thaI line for which the
rms sum of the differences between the
actual curve otdinates and the suaight
line ordinates is a minimum. Another
method would be to have the average
departure a minimum, or the peak de
panure a minimum. For small, low
order, nonlineariries, there is little dif·
ference berween rhese cases.

Figure 1 shows that one way to de·
sctibe the departure of (he curve from
the straight line is to measure a large
number of individual ordinates of the
actual curve, subtract them from the
ordinates of the straight line, and re
port the differences in tabular or curve
form. This type of data would result
from a fXlim-bY-fXlim measurement of
the characteristic, using an electronic
coumer to measure the frequency and
a precision incremental voltmeter for
the voltage axis. This technique is not
instantaneous, even when automated,
and yields more data than can be con·
'leniently digested q\!ickly.

It is also evident in Figure 1, that if
the slope of the actual Cl.1rve· could be
compared, at any fXlim, with that of
the snaight line, a relationship cover·
ing the nonlinearity could be readily
developed. Pursuing this line of reason·
ing, ir should be fXlssible to make an
incremental measure of the slope of the
curve by introducing a small amplitude
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sine wave of voltage, E,•. (if voltage
were the desired independent variable)
superimposed on a direct volrage. The
direct voltage may (hen be varied. If
the resulting frequency variation, due to
rhe small conStant amplitude search volt
age E,. were measured at each value of
Y, and plotted as a function of Y over
the entire tange of interest of the volt
age axis, a plot of the varying slope of
Ihe acrual transfer chMacteristic would
result. The extent 10 which this de
pans from the slope of the straight
line, is a measure of the nonlineMity
of the transfer charaCleristic. This
method sounds relatively .laborious,
unti! it is realized thar this can be done
dynamically by allowing V to vary over
the desired dynamic ['.Inge at a sinus·
oidal rare, f" The slope of the nansfer
characteristic can be ploued on an oscil·
loscope by driving [he vertical axis with
an amplitude proponional to l:J. f and
rhe horiZOntal axis with a voltage pro
ponional to V, and varying aI rate f,.

Let us now consider (he case of a
linear frequency modulalor and fre·
quency demodulatOr, to which we will
apply the two I~St voltages, E,. and V,.,
with [he undersranding that V" is of
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such magnitude as to swc'-'p Illtuugh
the entire dynamic mnge of interest
and that E,.is very much smaller than
Vr" typically one-tenth as great. This
siwation is shown in Figure ).

As might be expeaed, the OUtpUt
spectrum of the linear demodulator
driven by the linear modulator is simply
E,. and V,., with the amplitude rela
tionship established by the inpllt. If
we now funher assume that the fre·
quency modulator is linear, but [hat
the frequency demodulator is nonlinear
(curve of the nature shown in Figure
I), we reali7.e Ihat if E,. were to be
plotted as a function of Vr" we would
approximately plot the slope of the
transfer characteristic being studied,
namely, lhat of the assumed nonlinear
demodulator. Therefore, we may write

df
that 6.f :=;: -- (E, ), where df/dV

dV •
is recogni~ as the slope of the trans
fer charaCteristic in Figure I.

Another view of the same phenom.
ena is· shown in Figure )8. This shows
the OUtput spe<:trum of the nonlinear
demodulatOr driven by the linear mod·
UlalOf, and with the input as assumed
previously. The Output spectrUm is now
far more complicated than in the linear
case (Figure 3A), consisting not only
of V,. and E,,, but also of integral mul
tiples with decreasing amplitude of
both f. and f.. and sum and difference
frequency terms resulting from the non
linearity of the tmnsfer characteristic.

Figure 3C shows the df/dV curve as
determined by plotting the amplimde
of l:J.f from the demodulated Output as
a function of V,.. This wo",ld be an
accurate plot of the transfer character
istic slope if the magnitude of E.. in
the input were made vaniShingly small
cornpared to V". For the cases studied
by the writer, this approximation is en
rirely sarisfacrory if V,.IE,. - 10. It
should be emphasized that Figure 3C
and the spectntm plot of Figure 38
comain the same informacion concern
ing the transfer charaCteristic nonlinear
ity, but displayed in a different man
ner. The question now is, how may we
simply achieve such a display?

The block diagram of Figure 4 shows
the introduction of a bandpa.~s filrer
which accepts f. and the significant
sideba.nds about il due to f., and the
display of the resulting carrier envelope
on the vertical axis of an oscilloscope.
The horiwnrnl axis is dri\'en by the
initiating V,_ from the input of the
fre<:juency modubror. Figure 5 shows a
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Figure 4. Block Diagram of Circuit Used to  
Provide Instantaneous Display of Transfer 

Characteristic Change of Slope 

typical result. Since we have passed our 
demodulated signal through a bandpass 
filter, the upper and lower section of 
the envelope presented to the oscillo- 
scope must be symmetrical; therefore, 
we may select either for consideration 
(The final equipment shown in Figures 
10 and 11 chose the negative half of 
the envelope for display.) Where the 
amplitude of the f, sidebands about f,, 
is very low, as would be true of a 
highly linear circuit, the resulting de- 
parture of the oscilloscope trace from 
a rectangle is small. Since we may ig- 
nore half the envelope, it is possible to 
offset the centering of the oscilloscope 
and greatly expand either half of the 
display. If an oscilloscope, such as the 
Hewlett-Packard 130C, is used, linearity 
of the display will be maintained for 
an expansion of half the envelope by 
10 times. This permits measuring 
changes .in slope down to about 0 1% 
of one-half the envelope. 

The departure of the envelope in 
this display from a reference value 
(chosen as the slope at the origin of 
Figure 1, and appearing on the vertical 
center line of the oscilloscope display 

I EVEN-O’ DER DISTORTION PREDOMINANT P ID,  

Figure 5 .  Typical Display from Circuit in 
Figure 4. 

in Figure 5 ),  is a direct measure of the 
change in slope of the transfer charac- 
reristic. Therefore, the slope of this 
curve is approximately the second de- 
rivative of the transfer characteristic. 
If the envelope of Figure 5 shows sym- 
metry about the vertical center line of 
the trace (Figure SA),  it can be shown 
that this is a result of odd-order (3rd, 
5th, etc.) harmonic distortion. If the 
envelope is asymmetrical about the ver- 
tical center line and has mirror image. 
symmetry about the horizontal center 
line (Figure SB),  the distortion is 
largely even-order ( 2nd, 4th, etc. ) 
Thus, it can be seen, that much infor- 
mation is contained in the displays of 
Figure 5 ,  produced by the circuit of 
Figure 4. 

Up to this point in the discussion, 
we have been assuming a linear modu- 
lator. The reader may well comment, 
“This is all fine, but where do I get 
the perfectly linear modulator?” The 
technique illustrated in the block dia- 
gram of Figure 6 shows a method of 
“synthesizing” an FM signal, modu- 
lated simultaneously by two frequen- 
cies (f, and f J ,  in which sidebands of f,  
around f, are not produced, even though 
the individual signal generators have 
some nonlinear distortion. The tech- 
nique used is borrowed directly from 
the receiver practice of mixing an in- 
coming signal with a local oscillator 
and amplifying at a fixed intermediate 
frequency before frequency demodula- 
tion is performed. Let us then consider 
the linearly demodulated spectrum pro- 
duced by modulating either signal gen- 
erator by a single frequency, remem- 
bering that one generator is modulated 
by f, and the other by f.. 

The output spectrum from a perfect 
demodulator driven by a nonlinear mod- 
ulator with single frequency input 
would consist of the original modulat- 
ing frequency and integral multiples of 
this frequency, generally in decreasing 
magnitude. Since the two frequencies 
f, and f, do not simultaneously exist in 
either frequency modulator, it is not 
possible to produce sum and difference 
frequencies in the linearly demodulated 
output. (See Figure 7.) When the car- 
rier frequencies ( fc, and fC.,) generated 
by the two FM soutces (one modulated 
by f,  and the other by f,) are mixed at 
KF (Figure 6) ,  and the difference car- 
rier frequency is amplified by a suit- 
able selective amplifier, the instantane- 
ous frequency in the selective ampli- 
fier is the simple arithmetic difference 
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Figure 6 .  Block Diagram of Circuit for 
Synthesizing Perfectly Linear Modulation 

of the instantaneous frequency modu- 
lated sources. Thus, no sum and differ- 
ence frequencies of the modulating sig-. 
nals f, and f ,  appear in the FM signal 
at averag$e frequency, f, , .  

Now, following the technique dis- 
cussed previously, let LIS introduce a 
bandpass filter centered on f, in the 
output of the demodulator. The band- 
width of this filter must be wide enough 
to accept the significant sidebands of 
f, about f,. For the cases studied by the 
writer, acceptance of sidebands up to 
the 3rd is sufficient. This bandpass is 
shown by dotted lines in Figure 7. It 
will be seen that this filter eliminates 
f ,  and all of the distortion products 
due to the nonlinearity of the frequency 

-____. 

Figure 7 .  Demodulator Output Spectrum of nf ,  
and  nfo w i t h  Superimposed Bandpass 

Filter - l inear Case 

modulators in the individual signal gen- 
erators which produce the difference 
frequency, f,f. 

Now, let us consider the effect of 
nonlinearity in the frequency demoda- 
lator when driven by a signal generated 
by the circuit of Figure 6. It is evident 
from the previous discussion, that the 
spectrum will consist nqt only of the 
components shown in Figure 7, but of 
sidebands about f, and its harmonics 
spaced by nf,. (See Figure 8.) If the 
output of the bandpass filter is con- 
nected to an oscilloscope, as discussed 
previously, an envelope, similar to that 
of Figure 5 ,  will be seen. Thus, we 
have a technique for using two signal 
generators of finite modulator nonlin- 
earity to synthesize an apparently dis- 
tortionless signal which may then be 
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modulatOrs in the individual signal gen
eratOrS which produce the difference
freCJuency, f l,.

Now, let us consider the effect uf
nonlineatity in the frequency demQd,,·
kn~ when driven by a signal generated
by the circuit of Figure 6. It is evident
(rom the previous discussion, that the
spc<:uum will consist nQt only of the
components shown in Figure 7, but 01
sidebllllds about Eo and its harmonics
spaced. by nf,. (See Figute 8.) If the
OUtput of the bandpass filter is con
nected to an oscilloscope, as discllssed.
previously, an envelope, similar to that
of Figure 5, will be seen. Thus, we
have a technique for using twO signal
generators of finite modulator nonlin·
earity to symhesize an apparently dis
tortionless signal which may then be

ligw. 7.
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of the insramaneOlls frequency modu·
lated sources. Thus. nu sum and differ
ence frequencies of the modulating sig-'
nals f. and f, appear in the FM signal
al average frequency, f".

Now, following the techni'lll!: dis·
cussed previously, let liS introduce a
bandpass filter cemeted on L in the
OUtput of the demodlllator. The b:ll1d
width of this filter must be wide enough
co accept the significam sidebands of
f, about f... For the cases studied by the
writer, acceptance of sidebands up co
the 3rd is sufficient. This bandpass is
shown by dotted lines in Figure 7. II
will be seen [hat this filter e1imimues
f. and all of the dislOrtion proouCls
dlle lO the nonlinearity of the frequency

in Figure 5), is a dirt'"Ct measure of rhe
change in slope of the Iransfer ch:trac
terisric. Therefore, the slope of this
curve is approximately the s<."Cond de
rivative of the (f:lllskr chatacterislic.
If the envelope of Figure 5 shows sym·
metry about the vertical center line of
the {face (Figure 5A). it can be shown
thar this is a result of odd-order (3rd.
5th, etc.) harmonic distonion. If the
envelope is asymmeuical about [he ver·
tical centcr line and has mirror image'
symmetry about the horizontal Center
line (Figrlre 5(3), the distortion is
largely even-order (2nd. 4th, etc.)
Thus, it can be sc."Cn, that much infot
mation is contained in the displays of
Figure 5, produced br the circuit of
Figure 4.

Up to this point tn the discussion,
we have been assuming a linear moc!lt
lator. The reader may well comment,
"This is all fine, bllt where do 1 get
the perfe<:dy linear modulator?"' The
tt'Chnique illustrated in the block dia·
gram of Figure 6 shows a method of
"symhesizing" an FM sign:tl, modu·
lated simultaneously by tWO frequen
cies (E. and f,), in which sidebands of f.
around f& arc not produced, even [hough
the individual signal gencralors have
some nonlinear <:\istonion. The tech
nique used. is borrowed directly from
lhe receiver practice of mixing an in
coming signal wieh a local oscillaror
and amplifying at a fixed imermediate
freCJuency before frcCJuency demodula
lion is pcrform(X1. Let us then consider
Ihe linearly demodulated spet:trum pro
duced by modulating either signal gen
erator by a single frequency, remem
bering that Qne generatOr is modulated
by f. and the other by f~

TIle OutpUt spectrum from a perfect
demodulator driven by a nonlinear mod
ulator with single frequency input
would consist of the original modulat
ing frequency and integral multiples of
this fre'luency, generally in decreasing
magnitude. Since the tWO frequencies
f. and f. do not simultaneously exist in
either freCJuency modulator, it is not
possible to produce sum and difference
frequencies in the linearly demodulated
ourput. (See Figure 7.) When the car
rier frequencies (fc1and fc) generated
by the twO FM sources (one modulated
by f. and the other by f.) are mixed at
RF (Figure 6), and the difference car
rier frequency is amplified by a suit
able selective amplifier, the instantane
ous frequency in Ihe selective ampli
fier is the simple arithmetic difference

typical resuh. Since we have passed our
demodulated signal through a bandpass
filter, the lIppcr and lower section of
Ihe envdope presented 10 the oscillo
scopc must be symmetriul; therefore,
we may sclecc either for consideration.
(The final eCJuipmem shown in Figures
10 and II chose (he negative half of
the envelope for display.) \'<'here the
amplitude of the f, sidebands about f..
is very low, as would be [file of a
highly linear circuit. the resulting de
parture of the oscilloscope trace from
a reccanglc is small. Since we may ig
nore half the envelope, it is possible to
offset the centering of the oscilloscope
and greatly expand either" half of the
display. If an oscilloscope, such as the
Hcwlen-Packard 13OC, is use<:l, linearity
of the display will be maimainoo for
an expansion of half the envelope by
10 times. This permits measuring
changes ,in slope down to about 0.1 %
of one-half the envelope.

The departure of the envelope in
this display from a reference value
(chosen as [he slope at the origin of
Figure 1, and appearing on the vertical
center line of the oscilloscope display

ligu'. S. fypic,,1 Di.pl"y from Ci«uif in
ligur. 4.

ligu'• .c. 8/0<' DioSl,,,m of Ci,cui, Used 10
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Figure 8 .  Demodulator Output Spectrum of nf. 
and nf, Including nf, Sidebands About 

f, - Nonlinear Case 

used to measure the nonlinearity in a 
frequency demodulator. 

To avoid the necessity of offsetting 
the axis of the oscilloscope display and 
expanding the scale to look at small 
deviations of .the envelope from rec- 
talinearity, it is possible to eliminate 
the carrier with a linear amplitude de- 
modulator. The composite block dia- 
gram of Figure 9 shows the application 
of a simple linear AM detector followed 
by a low-pass filter to eliminate the 
carrier, f,, from the display. The output 
from the linear detector will be a di- 
rect current component proportional to 
the peak amplitude of fo, together with 
the envelope produced by the nf, side- 
bands beating with the carrier. The 
percentage change in slope, compared 
to a straight line, may be read by ex- 
pressing the peak value of the demodu- 
lated envelope as a percentage of the 
dc component (which is proportional 
to the peak value of fo).  

If the output of the AM detector 
and nf, low-pass filter is read on an 
averaging meter, an average value of 
the percent change in slope will be 
read. For the cases studied by the 
writer, the amplitude of the significant 
harmonics (2nd and 3rd) of f,  has 
been relatively low, so that the value 
read by an rms calibrated, average read- 
ing meter (such as the Hewlett-Packard 
400D) closely approximates the rms 
value of the departure of the slope of 
the transfer characteristic from the 
constant slope of the ideal straight line. 
Since the departure of the transfer char- 
acteristic of Figure 1 from a straight 
line necessitates a change in the slope 
of the transfer characteristic, it is seen 
that these are related effects. Calcula- 
tions have shown that the numerical 
values for percent change in slope, as 
described above, are always less than 
the values for percent departure of the 
transfer characteristic from a straight 
line. The specific relationship depends 
on the actual shape of the curve.How- 
ever, for transfer characteristics expe- 
rienced in FM modulators and demodu- 
lators, the ratio of percent departure 
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from a straight line to percent change 
in slope from that of a straight line 
varies from 1/2 to 1/3. Thus, a meas- 
urement of 1% change in slope insures 
a departure of the transfer characteris- 
tic from a straight line of less than 1%. 

Figure 9 shows a composite block 
diagram of the entire setup with a few 
additional features. Instead of sepa- 
rately modulating the Signal Generator 
under test and the reference Signal Gen- 
erator with f,  and f,  respectively, if the 
Signal Generator under test is simul- 
taneously modulated by f ,  and f,, (by 
switching S I )  the change in slope of 
the frequency modulator of the Signal 
Generator under test will be superim- 
posed upon that of the FM demodu- 
lator. Thus, if the individual ordinates 
of the display produced by the block 
diagram in Figure 9 are noted for the 
case of separate modulation, and then 
determined for the case of simultaneous 
modulation of the Signal Generator 
under test, the algebraic difference of 
these ordinates will produce a curve 
which is due to the nonlinearity of, the 
Signal Generator under test only, and 
does not depend upon that of the fre- 
quency demodulator. Note that when 
switching f, from one generator to the 
other, the horizontal polarity of the dis- 
play is reversed. 

Thus, we have developed a circuit 
and measuring technique which will 
measure the change in slope of a 
frequency modulator largely independ- 
ently of the demodulator, as well as 
the change in slope of the demodulator 
independently of the frequency modu- 
lator. Many additional refinements are 
possible to the basic circuit of Figure 9 
to speed LIP the measurement. Some 
of these features are: 

1. An ac voltmeter, calibrated di- 

rectly in kc deviation may be connected 
to the output of the discriminator 
Methods of calibration are covered in 
Reference 5 .  

2. A dc meter may be used to indi- 
cate the level of the demodulated 
magnitude of f<,. 

3. If the dc meter indication is kept 
constant, an ac meter on the output of 
the nf, bandpass filter may be calibrated 
directly in percent change in slope. 

4. Switching may be added to fa- 
cilitate the alternate connection of f. 
and f, to separate or to a comnon 
signal generator (SI in Figure 9 ) .  

A photograph of such equipment, 
used in the production test of BRC 
202H and 2025 Signal Generators, is 
shown in Figure 10. It should, of course, 
be noted that the FM demodulator used 
must be preceded by an excellent am- 
plitude limiter, or spurious effects will 
occur which are not measures of the 
true nonlinearity of the frequency 
modulator or demodulator. In the equip- 
ment shown, normal circuits have 
proven satisfactory. The particular dis- 
criminator used was centered at 2 1  mc 
and is approximately 5 mc wide, so 
that the resulting change in slope for 
deviations of k150 kc is less than 0.2% 
peak. This high degree of linearity per- 
mits direct measurement of signal 
generator nonlinearity without the need 
for calculation. In addition, it permits 
direct measurement of total percent 
harmonic distortion of a signal gener-- 
ator by the connection of a good dis- 
tortion analyzer (such as the Hewlett- 
Packard 330B) to the output of the 
discriminator. 

Figure 11 shows several cases of 
nonlinearity displayed by the BRC 
production test equipment shown in 
Figure 10. The scale calibration is such 

TO SCOPE1 
X AXIS 

t 

0 
SOURCE 

-IP I30 C )  

nf, +( fatnf , )+(2fa+ nf,)+ kf,+nf, 

SUITABLE FM RECEIVER 

AVG RDG 

("' 4004 METER - 
& (SEES ONLY f.1 

REFERENCE. 
FM - - SIG. GEN fc2 - 

Figure 9. Block Diagram of Circuit Used to Obtain Change of Slope Display 
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rectly in kc devi:ltion may Ix: connected
to the OUtpUt of rhe discriminator
Methods of calibration are covered in
Reference 5.

2. A dc meter may be used to indi
cate the level of the demodl1lat~1

magnitude of C
3. If rhe de meter indication is kept

constant, an ac meter on the OUtpUt of
the nf. bandpass filter may be calibrated
dif{"(;dy in percent changc in slope.

4. Switching may be added to b·
cditate the alternate connection of f.
and (0 to separate or to a common
signal generator (SI in Figure 9):

A photograph of such equipment,
used in the production test of BRC
202H and 202) Signal GeneratOrs, is
shown in Figure 10. It should, Df course,
be nOted rhat the FM demodulator use·d
must be preceded by an excellent am
plitude limiter, or spurious e[ft"(;ts will
occur which arc not measures of tht'
tme nonline:uiry of the frequency
modulator or demodulatOr. In the equip
mem shown, norm:ll circuitS have
proven satisfactory. The particular dis
criminator used was cent'ered at 21 mc
and is approximately S me wide, so
that the resulting change in slope for
deviations of :!e150 kc is kss than 0.2%
peak. This high degree of linearity per
mits direct measuremem of signal
generator nonlinearity without [he need
for calculation. In addition, it permits
dircct measurement of tOtal {X'rcem
harmonic distortion of a signal gener
ator by the connection of a good dis
wnion analyzer (such as the Hewlett
Packard 3308) to the OUtput of the
discriminaror.

Figure II shows several cases of
nonlinearity displayed by the BRC
production test equipment shown in
Figure 10. The sealc calibrarion is such
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from a straight line to percent Chllllg\.""
in slope from that of a straight lint'
varies from 1/2 to 1/3. Thus, a meas
urement of 1% changc in slope insmes
a departure of the transfer characteris
tic from a straight line of Jess than I IN.

Figure 9 shows a composite block
diagram of the entire setup with a few
additional feamres. Instead of sepa·
rately modulating the Signal Genermor
under [cst and the reference Signal Gen·
erator with f, and f. respl.."ctively, if thc
Signal GeneratOr under test is simul
taneously modulated by f. and f. (by
switching 51) the change in slope of
the frequency modulator of the Signal
Generator under tCSt will be superim
posed upon that of the FM demodu·
lator. Thus, if the individual ordinates
of the display produced by the block
diagram in Figure 9 are noted for the
case of separate modulatiOn, and then
determined for the case of simultaneous
modulation of the Signal Genetator
under tesl, the algebraic difference of
these ordinates will prlxluce a curve
which is due to the nonlinearity of. thc
Signal Generator under test only, and
does not depend upon that of the fre·
quency demodulator. Note that when
switching f. from one generator to the
other, the hori:lOnral polarity of the dis
play is reversed.

Thus, we have developed a circllit
and measuring technique which will
measure the change in slope of a
frequency modulator largely independ
emly of the demodularor, as well as
the change in slope of the demodul:uot
independently of the frequency moou
lawr. Many additional refinements arc
possible to the basic circuit of Figurc 9
to speed ttl' the meaSlltemCnt. Somt·
of these features are:

I. An ac voltmeter, calibrated di-

used to measure the nonlineariry in a
frequency demodulator.

To avoid rhe necessity of offsetting
the axis of the oscilloscope display and
exp:mding the scale [0 look at small
deviations of .the envelope from rec
mlinearity, it is possible to eJiminatcc
the carrier with a linear amplitude de
modulator. The composite block dia
gram of Figure 9 shows rhe application
of a simple linear AM detccwr followed
by a low-pass filter to eliminatc thc
carrier, f., from the display. The Ourplll
from the linear detector will be a di
rCCt current component proportional to

the peak amplimde of f., together with
the envelope produced by the nf. side
bands beating with the carrier. The
percentage change in slope, compared
to a straight line, may be read by ex
pressing the peak valuc of the demodu
lated envelope as a percentage of the
dc componem (which is proportional
to the peak value of f.).

If the Output of the AM detector
and nf, low·pass filter is tead on an
averaging meter, an average value of
thc percem change in slope will lx,
read. For the cases srudied by tlk
writer, the amplimde of the significam
harmonia (2nd and 3rd) of f. has
been relatively low, so that rhe vallie·
read by an rms calibrated, average read
ing meter (such as the Hewlett-PackanJ
4000) closely approximates the rms
value of the departure of the slope of
the transfer characteristic from the
constant slope of the ideal straight line.
Since the deparrure of the transfer char
aCteristic of Figure I from a straight
line ne<:essit:ltes a change in rhe slo{X'
of the uansfer characteristic, it is seen
that these are related effects. Calcub
tions have shown that the numerical
values for percent change in slope, as
described abouc, are always less than
the vallies for percent depanure of the
transfer charaCteristic from 1I straight
line. The specific relationship depends
on the acnlal shape of Ihe curve.How
ever, for transfer characteristics expe
rienced in FM modulators and demodu
lators, the Talio of percent departllrc

f;Il"'" a. I)e",odul"t", O"'p"t Sped'''''' of nf.
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'. _ Non"ne", Cooe

\."'.
.MOU£NCl_

, "

,- _..,. .
,

5



B O O N T O N  R A D I O  C O M P A N Y  

Figure 10. BRC Production Test Station 

that a peak-to-peak amplitude of 1.0 cm 
represents 1% total change in slope. 

In this particular equipment, f,  = 50 
cps and Vts is set for 150 kc deviation. 
A frequency of 100 kc was chosen 
for f, and Efc2 is set for about 15 kc 
deviation. Almost any other choice of 
frequencies may be made, subject' to 
the availability of suitable filters; how- 
ever, f, should not exceed 100 kc. 

Figure 11A shows the change in 
slope of the BRC production test dis- 
criminator alone. This discriminator, 
plus a properly adjusted 202J -Signal 
Generator, is shown in Figure 11B. 
Figure 11C shows a typical case of 
incorrect setting of the operating point 
of the reactance tube in a 202J Signal 
Generator. With this display, it is a 
simple matter to readjust the bias for 
minimum nonlinearity of the frequency 
modulator. Resulting changes in carrier 
frequency must be corrected. A properly 
set up 202J Signal Generator will show 
a percent change in slope of less 
than *ll/2%. 

EQUIVALENT FlELD TECHNlQUE 
It is possible to utilize the method 

described above without the complex, 
specialized equipment shown in Fig- 
ure 10. This equipment was designed 
for a particular production test opera- 
tion and has many features unnecessary 
to the person who must occasionally 
adjust a frequency modulator or de- 
modulator for maximum linearity. The 
circuit of Figure 12 permits the :p- 
plication of our method with readily 
available commercial instruments. The 
only special piece of apparatus required 
is the f, knf,  bandpass filter and the 
nf, low-pass filter which may be readily 
constructed from the values shown in 
Figure 12. Sh@d a suitable oscillo- 
scope (such as the Hewlett-Packard 
130B or 130C) be available, the re- 
finement of the amplitude demodulator 
and the nf, low-pass filter may not 
be needed. 

For FM demodulators of high out- 
put impedance, a good electronic volt- 
meter ( H P  400D, etc. ) may be used 

Figure 1 1 .  Typical Change of Slope Displays Obtained from Setup in Figure IO. 

to provide high input and low output 
impedance and some attenuation (in 
10 db steps). Many telemetry receiver5 
have cathode follower or other low 
impedance outputs which will drive 
the 4K ohm bandpass filter impedance 
adequately. To avoid nonlinearity caused 
by the voltmeter diodes, the diodes 
should be shorted out. 

The nf, low-pass filter includes a 
resonant impedance transformer ( Q s  5 )  
to give a high enough level to the 
AM demodulator to insure good linear- 
ity of the change of slope display. Its 
output should be checked by the oscil- 
loscope envelope method to insure 
accuracy. 

While it is desirable that the fre- 
quency demodulator used be sufficiently 
linear to permit measuring the signal 
generator nonlinearity directly, this may 
be difficult to realize in the field. 
Therefore, it is essential that the two 
signal generator method ( separately 
modulated) of Figures 6 and 9 be em- 
ployed in order to measure or minimize 

GENERATOR UNlER TEST 

INT MOD - AM 

the nonliiiearity of the frequency de- 
modulator. After adjustment for mini- 
mum nonlinearity, a "grease pencil" 
trace may be made on the oscilloscope 
reticule of the nonlinearity (expressed 
as percent change in slope) of the 
demodulator. Switching to simultaneous 
modulation of the signal generator being 
adjusted will alter the pattern, due to 
the nonlinearity of this generator. Al- 
lowance must be made for the pattern 
reversal on the horizontal axis, or the 
polarity of f, applied to the generator 
under test may be reversed. It is then 
necessary to readjust the reactance tube 
bias of the signal generator to most 
nearly equal the change of slope curve 
of the demodulator traced on the oscil- 
loscope reticule. It is obvious that the 
method becomes inaccurate when the 
nonlinearity of the demodulator is large 
compared to that of the signal generator. 

i/ 

RECEIVER ADJUSTMENT 
The equipment setup of Figure 12, 

with one significant addition, can be 

n 

Figure 12. Block Diagram of Setup for Adjusting FM Modulator or Demodulator for Maximum 
Linearity Using Commercially Available Equipment d 
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The equipment setup of Figllre

with one significant addition, can
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W provide high input and low omptlt the nonlillearity of the frC<:Juency de-
impedance and some attenuation (in modulator, After adjustment for mini·
10 db sreps). Man)' telemetry rt'Ceivers mum nonlinearity, a "grease pencil"
have cathode follower or Other low trace may be made on the oscilloscope
impedance OUtPUtS which will drive reticule of the nonlinearity (expreSsed
the 4K ohm bandpass filter impedance as perCent change in slope) of [he
adequately. To avoid nonlint-arity caused demodulator. SwitChing to simultaneous
by the voltmeter diodes, the diodes modulation of the signal generaror being
should be shorted OUt. adjusted will alter the pattern, due w

The nf. low-pass filter includes a [he nonlineuity of this generaror. AI·
resonant impedance transformer (Q<5) lowance must be made for the pattern
to give a high enough level to the reversal on the horizontal axis, or the
AM demodulator to insure good linear· polarity of f. applied to the generaror
ity of the change of slope display. [tS under test may be reversed. It is then
OUtpUt should be checked by the oscil· ne<:essary ro readjust the reaCtance tube
loscope envelope method to insute bias of the signal generator to most
accuracy. nearly equal the change of slope curve

\X/hile it is desirable that the fre- of the demodularor traced on the oscil·
quen"'" demodulator used be suffidentlr loscope reticule. It is obvious that the

-, .. I method becomes inaccurate .....hen thelinear ro permit measuflng the SIgna
generator nonlinearity dire<:tly, this mar nonlinearity of the demodulator is large
be difficult ro realize in the field. compared to that of the signal generaror.
TIlerefore, it is essemial that the twO
signal generator method (separatel)
modulated) of Figures 6 and 9 be em
ployed in order to measure or minimize
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that a peak-to-peak amplitude of 1.0 em
represents 1% toral change in slope.

In this particular equipment, L = SO
cps and V" is sel for 150 kc deviatinn.
A frequency of 100 kc was chosen
for f. and E•• is set for about .15 kc
de\'iation. Almost any Other choiCe of
frequencies may be made, subjt'Ci to
the availability of suitable filters; how·
ever, f. sho\lld nor exceed 100 kc.

Figure I IA shows the change in
slope of the BRC production test dis
criminator alone. This discrimin:ltor,
plus a properl}' adjusted 202) -Signal
GeneralOr, is shown in Figure 11 B.
Figllfe IIC shows a typical case of
incorrecl selling of the operating point
uf the reactance tube in a 202) Signal
Gt:neratOf. \'<Iirh this display, it is a
simple matter 10 readjust the bias for
minimum nonlinearity of the frequency
modulator. Resulting changes in carrier
freqtlency milS, be correned. A properly
set up 202) Signal Generator will show
a percent change in slope of less
rhan ±1v,,1f.

EQUIVALENT FIELD TECHNIQUE
It is possible to utilizt: the method

Jescribed above without the complex,
speeializt'<1 eqllipmenr shown in Fig
ure 10. This eq\lipmcm was designed
for a panicubr pnxiliction lesl opera
tion and has many features unneceSs.1!)'
to the person whu must occasionally
.ldjust a frequency modlllltmr or de
modulator for maximum linead!)'. The
dfl~uit of Figure 12 permits the ap·
plication of our method with readily
,1V1lilabk' commercial instruments. The
,lOll' sp<.-cial pil.-cc of apparatus rC<:Juired
is [he f. ± nf. bandpass filter and the
nL lo..... -pass filter which ma), be readily
constructed from the v;llues shown in
Figllfe I2. Sh~uld a suitable oscillo
scope (such as the Hew[en·p;lCkard
13013 or noc) be available, the re·
finement of the amplitUde demodulatUr
and [he nf. low-pass filter m:,y nOI
be needed.

For FM demodul:ttors of high Out
put impedance, a good ek-crronic volt·
meter (HP 400D, etc.) may be used

•
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used to adjust an FM demodulator for 
maximum linearity, even in the ab- 

b sence of the complete FM receiver. 
Substitution of a suitable commercial 
RF mixer for the receiver front end, 
followed by one or two of the BRC 
230A Signal Generator Power Am- 
plifiers (which provide 24 to 30 db 
gain) will frequently permit proper 
drive levels to a limiter and demod- 
ulator circuit under development. This 
use of the 230A facilitates the detailed 
experimental evalution of an FM limiter 
and demodulator prior to the avail- 
ability of the rest of the receiver. Hav- 
ing substituted the 230A and a com- 
mercial mixer for the receiver front 
end, it is only necessary to proceed as 
previously outlined. In order to min- 
imize the effects of residual am- 
plitude modulation in the FM signal 
generator, it is desirable tQ  operate 
the level of the beating signal generator 
6 to 10 db lower than that of the 
frequency-modulated generator. This 
allows the diode mixer to minimize 
the unwanted amplitude envelope due 
to the tuned carrier bandpass circuits 
in the signal generator. 

When displaying the nonlinearity of 
the demodulator, it is desirable to vary 
the carrier level of the generator under 
test with its attenuator to show that 
proper amplitude limiting is provided 
ahead of the frequency demodulator. 

In setting up the equipment of 
Figure 12, the use of 202H and J 
Signal Generators reduces the needed 
external instruments over that required 
with other signal generators. Since the 
202H and J (and also 202E, G, etc.) 
include an AF oscillator, it is possible 
to use this oscillator for the search 
voltage (Ero) and the sweep voltage 
Vfs. The connections of the AM and 
FM terminals to accomplish this are 
shown in Figure 12. It is extremely 
important, though, to keep the AM 
controls full counterclockwise to avoid 
unwanted AM of either carrier. 

The filter bandwidth is adequate to 
be used with both the 10 kc AF of the 
202H and the 10.5 kc of the 2025. 

When aligning a 202H, after fol- 
lowing the procedure to achieve mini- 
mum nonlinearity, if the demodulator 
is appreciably more linear than the 
202H, a total percent harmonic dis- 
tortion reading may be meaningfully 
made. 

CONCLUSION 
In conclusion, let us summarize t b  

b following points: 

1. The general definition of distor- 
tion resulting from transfer character- 
istic nonlinearity has been given, to- 
gether with qualitative relationships 
between various types of nonlinear dis- 
tortion and methods of expressing them. 

2. A technique for producing an 
essentially linear frequency-modulation 
signal from two relatively imperfect 
signal generators has been described. 
This technique permits the accurate 
measurement of demodulator nonlinear- 
ity in the presence of practical levels 
of modulator nonlinearity in terms of 
the departure of the slope of the transfer 
characteristic from that of a reference 
straight line. Having achieved this 
measurement, it  is then possible to 
measure the nonlinearity of frequency 
modulators by calculating out, or elim- 
inating, the nonlinearity of the de- 
modulator in the composite display. 
This method results in an instantaneous 
dynamic display which facilitates ad- 
justment of either the modulator or 
demodulator. 

3. An equipment setup has been 
shown which permits the application 
of the technique in the field with com- 
mercially available test equipment, pre- 
suming a suitable frequency modulation 
receiver or demodulator is available 

Similarity of the techniques discussed 
here to the Intermodulation Distortion 

method of C. J. LeBel7 will be seen. 
However, the numerical results of Le- 
Bel’s method depend critically on the 
amplitude ratio of the two signals, 
while, in the change of slope method, 
it is only necessary that Et, be suffi- 
ciently small to truly measure slope 
V,, is chosen for the desired deviation 
being studied. 
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BRC APPOINTS F O U R  
N E W  E N G I N E E R I N G  REPRESENTATIVES 

Boonton Radio Company recently an- 
nounced the appointment of four new 
east-coast engineering representatives: 
Horman Associates, Inc., RMC Sales 
Division and Robinson Sales Division 
of Hewlett-Packard Company, and 
Yewell Associates, Inc. 

Horman Associates, Inc. has its head- 
quarters in Rockville, Maryland, a sub- 
urb of Washington, D.C., and a branch 
office in Baltimore. RMC has two of- 
fices: the main office in New York 
City, and a branch office in Englewood, 
New Jersey. Robinson Sales Division 
has three offices, with headquarters lo- 
cated near Philadelphia in West Con- 
shocken, Pennsylvania, and branch of- 
fices in Camp Hill, Pennsylvania, and 
Asbury Park, New Jersey. Yewell As- 
sociates, Inc. has its main office in Bur- 
lington, Massachusetts, with branches in 
Middletown, Connecticut, and Pough- 
keepsie, New York. 

With the appointment of RMC, Rob- 
inson, Horman, and Yewell, BRC ex- 
pects to further improve customer serv- 
ices to its many customers. “Chuck’ 
Quinn, who previously had been hand- 
ling a portion of this territory from 
the factory, will still be on hand to as- 
sist customers with their special appli- 
cation problems. 

The complete story on our new rep- 
resentatives, including an introduction 
to their key personnel, will be presented 
in the “Meet Our Representatives” 
series which will be resumed in the 
next issue of the Notebook. Meantime, 
we urge our customers in the areas 
served by these new representatives to 
call or write them for information about 
BRC equipment. 

A complete list of addresses and tele- 
phone numbers for all BRC Engineer- 
ing Representatives appears on page 8 
of this issue. 
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used to adjUSt an FM demodulator for
maximum linearity, even in the ab
sence of the complete FM receiver.
Substitution of a suimble commercial
RF mixer for the receiver front end,
followed by one or twO of the BRC
230A Signal Generator Power Am
plifiers (which provide 24 to 30 db
gain) will frequently permit proper
drive levels to a limiter and demod
ulatOr circuit under development. This
use of the 230A facilirates the detailed
experimental evalution of an FM limiter
and demodulator prior to the avail
ability of the reSt of the receiver. Ha\'
ing substituted the 230A and a com
mercial mixer for the receiver from
end, il is only necessary to proceed as
previously outlined. In order to min
imize the effects of residual am
plitude modulacion in the FM signal
generator, it is desirable tQ operate
the level of the beating signal generator
6 to iO db lower than that of the
fn:quency-modulated generator. This
allows the diode mixer to minimize
the unwanted amplimde envelope due
to the tuned carrier bandpass circuits
in the signal generator.

When displayin,g the nonlinearity of
the demodulator, it is desil'1lble to vary
the carrier level of the generator under
test with its attenuator to show that
proper amplirude limiting is ptovided
ahead of the ftequency demodulator.

In settin!: up the equipment of
Figure 12, the use of 202H and J
Signal Generators reduces the needed
external instruments over that required
with Other signal generatOrs. Since the
202H and J (and also 202E, G, etc.)
include an AF oscillatOr, it is possible
to use this oscillacor for the search
voltage (E,.) and the sweep vokage
V", The connections of rhe AM and
FM terminals to accomplish this arc
shown in Figure 12, II is extremcl}'
important, though, to keep the AJo.I
controls full counterclockwise to avoi{l
unwanted AM of either carrier.

The filter bandwidth is ade<Juate 10

be used with both the 10 kc AF of the
202H and the 10.5 kc of rhe 202J.

When aligning a 202H, after foJ·
lowing the procedure [Q achieve mini·
mum nonlinearity, if the demodularor
is appreciably more linear than the
202H, a tOtal percent harmonic dis
tortion reading may be meaningfully
made.

CONCLUSION
In conclusion, let us summarize the

following points:

L The general definition of distor·
tion resulting from transfer character·
ISlIC nonlinearity has been given, to
gether wirh qualitative relationships
between various rypes of nonlinear dis
tortion and methods of expressing them.

2. A technique fOf producing an
e~ntially linear frequency·modulation
signal from rwo relatively imperfect
signal generators has been described.
This techniquc permits the accurate
measutement of demodulalOr nonlinear
ity in the presence of prnctical levels
of modulatOr nonlinearity in terms of
the departure of the slope of the transfer
characteristic from that of a teference
straight line. Having achieve<.! this
measurement, it is then possible to

measurc the nonlinearity of frequency
modulators by calculating out, or elim·
inating, the nonlinearity of the de·
modulator in the composite display.
This method tesults in an instanranl"Ous
dynamic display which facilitates ad·
justment of either the modulator or
demodulator.

3. An equipment selup has been
shown which permits the applirntion
of the technique in the field with com·
mercially available test equipmenr, pre
Sliming a suitable frequency modulation
receiver or demodulator is availabk

Similarity of the techniqlles discussed
here 10 the hnerrnooulation Distortion

BoonlOn Radio Company recently an·
nounced the appointment of four new
east-(oaSt engineering representatives:
Horman Associates, Inc., RMC Sales
Division and Robinson Sales Division
of Hewlett-Packard Company, and
Yewell Associates, Inc.

Horman Associates, Inc, has its head·
quarters in Rockville, Maryland, a sub·
urb of Washington, D.C., and a branch
office in Baltimore. RMC has two of·
fices: the main office in New York
Ciry, and a branch office in Englewood,
New Jersey. Robinson Sales Division
has three offices, with headquarters 10'
cated near Philadelphia in West Con
shocken, Pennsylvania, and branch of·
fices in Camp Hill, Pennsylva.nia, and
Asbury Park, New Jersey. Yewdl As
sociates, Inc. has its main office in Bur·
linglOn, MassachusettS, with branches in
Middletown, Connecricm, and Pough.
keepsie, New York.
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method of C. J. LeBcJ1 will be seen.
However, the numerical results of Le·
Bel's method depend critically on the
ampliwde ratio of the tWO signals.
while, in the change of slope method.
it is only necessary that E," be suffi
ciently small to trilly measure slope
V r• is chosen for the desired deviation
being studi<.-d.
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~. Wachter, J. E., "A Method of /lteasurinl'
Frequency Deviation". BRC Notebook N".
9. ral>e 5.

6, Hrlliard, J. K., "JorermQ<lu!ation T(·srin.\(··
Elt.'CrrooicJ 19.7, July 1')46. pa<;{' 12\.

7, l...dlcll, C. J., "A Nrw Melho..l of Measu,.
;0/0: and AnalYlin.\( IntermoJu)ll,ion", Audi"
EnRinl><:rint: 35.7, July 1,)~1. p:\l(e IH.

With the appointment of RMC, Rob·
inson, Horman, and YeWI'll, BRC ex·
pects to fuerher improve cust~mer servo
ices to its many cuslOmers. "Chuck"
Quinn, who previously had been hand·
ling a portion of this territory from
the faclOry, will still be on hand to as'
sist customers with their special appli.
cation problems.

The complete Story on our new rep
resentatives, including an introdw:tion
to their key personnel, will be presented
in the "Meer Ollt Representatives"
series which will be resumed in the
next issue of the Notebook. Meantime,
we urge our cuswm"TS in the areas
served by these new representatives 10

call or write them for information abour
BRC equipment.

A complete list of addre~s and tele
phone numbers for all BRC Engineer
ing Representatives appears on page B
of Ihis issue.
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EDITOR’S NOTE 
BRC Assumes Divisional Status 

Boonton Radio Corporation, a sub- 
sidiary of the Hewlett-Packard Com- 
pany since 1959, assumed divisional 
status November 1, 1962. At that time, 
BRCs name was changed to Boonton 
Radio Conipany. 

The conversion of BRC to a division 
of the Hewlett-Packard Co. is a part of 
an over-all program to achieve greater 
flexibility of the entire H? organiza- 
tion and to improve operating effi- 
ciency. This change will in no way af- 
fect BRC policies or product line, but 
will permit us to offer improved and 
expanded services to our customers. 

Mr. William D. Myers, formerly 
manufacturing manager of HPs Micro- 
wave Division in Palo Alto, has been 
named general manager of the new 
Boonton Radio Division. Mr. Myers 

joined H P  in 1944 as a developmenr 
engineer and has since held a number 
of executive positions, including man- 
ager of quality-control engineering. 

A native of San Jose, California, Mr. 
Myers is an electrical engineering grad- 
uate of Stanford University and a senior 
member of the Institute of Radio 
hgineers 

William D. Myers “ 

BRC Wins 
”New Good Neighbor” Award d 

Boonton Radio Company was one of 
ten winners in the third annual “New 
Good Neighbor” contest, a state-wide 
contest sponsored by New Jersey Busi- 
ness Magazine, a service of the New 
Jersey Manufacturers Association. Nom- 
inations for the contest are made by the 
mayors of the communities in which 
new buildings are located. Winners are 
selected by a panel of noted business 
and civic leaders and architects. Points 
considered in the judging are: the gen- 
eral attractiveness of the building and 
its economic value to the community, 
and the company’s overall community 
relations approach and effectiveness. 

BRC is indeed happy to have been 
selected a winner in the contest and is 
proud of its “good neighbor” role in 
the community. 

*ALBUQUERQUE. New Mexico 
NEELY ENTERPRISES 
6501 Lomas Blvd., N.E. 
Tel: (505) 255-5586 
TWX: 505-243-8314 

ASBURY PARK, New Jersey 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
1317 Railroad Ave. 
Tel: (201) 531-3150 
TWX: 201-531-1331 

*ATLANTA 5, Georgia 
BlVlNS & CALDWELL, INC 
3110 Maple Drive, N.E. 
Tel: (404) 233-1141 
TWX: 404-231 -4720 

BALTIMORE, Maryland 
HORMAN ASSOCIATES, INC. 
3006 W. Cold Spring Lane 
Tel: (301) 664-4400 

*BOSTON, Massachusetts 
YEWELL ASSOCIATES, INC. 
Middlesex Turnpike 
Burlington, Mass. 
Tel: (617) 272-9000 
TWX: 617-272-1426 

*CHICAGO, Illinois 
CROSSLEY ASSOCIATES, INC. 
2501 W. Peterson Ave. 
Tel: (312) 275-1600 
TWX: 312-222-031 1 

*CLEVELAND, Ohio 
S.  STERLING COMPANY 
5827 Mayfield Road 
Tel: (216) 442-8080 

*DALLAS, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 lnwood Road 
Tel: (214) 357-1881 
TWX: 214-899-8541 

*DAYTON, Ohio 
CROSSLEY ASSOCIATES, INC. 
2801 Far Hills Ave. 
Tel: (513) 299-7002 
TWX: 513-944-0090 

*DENVER. Colorado 
LAHANA & COMPANY 
1886 South Broadway 
Tel: (303) 733-3791 
TWX: 303-292-3056 

*DETROIT, Michigan 
S. STERLING COMPANY 
21250 10-1/2 Mile Road 
Southfield, Michigan 
Tel: (313) 442-5656 
TWX: 313-357-4615 

ENGLEWOOD, New Jersey 
RMC SALES DIVISION 
Hewlett-Pockard Company 
391 Grand Ave. 
Tel: (201) 567-3933 

HARRISBURG, Pennsylvania 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
Park Place Office Bldg. 
Cornp Hill, Penna. 
Tel: (717) 737-6791 

*HARTFORD, Connecticut 
YEWELL ASSOCIATES, INC. 
589 Soybrook Rood 
Middletown, Conn. 
Tel: (203) 346-6611 
TWX: 203-346-7433 

*HIGH POINT, North Carolina 
BlVlNS & CALDWELL, INC. 
1923 North Main St. 
Tel: (919) 882-6873 
TWX: 919-883-4912 

*HOUSTON, Texas 
EARL LIPSCOMB ASSOCIATES 
3825 Richmond Ave. 
Tel: (713) 667-2407 
TWX: 713-571 -1353 

HUNTSVILLE, Alabama 
BlVlNS & CALDWELL, INC. 
Tel: (205) 534-5733 
(Direct line to Atlanta) 

*INDIANAPOLIS, Indiana . 
CROSSLEY ASSOCIATES, INC. 
3919 Meadows Drive 
Tel: (317) 546-4891 
TWX: 317-635-4300 

LAS CRUCES. New Mexico 
NEELEY ENTERPRISES 
114 South Water St. 
Tel: (505) 526-2486 
TWX: 505-524-2671 

*LOS ANGELES, California 
NEELEY ENTERPRISES 
3939 Lankershim Blvd. 
North Hollywood, Cal. 
Tel: (213) 877-1282 
TWX: 213-769-4660 

-- 
“MONTREAL, P.Q., Canada 

HEWLETT-PACKARD (CANADA) LTD. 
8270 Mayrand St. 
Tel: (514) 735-2273 

*NEW YORK, New York 
RMC SALES DIVISION 
Hewlett-Packord Company 
236 E a s t  75th St. 
Tel: (212) 879-2023 
TWX: 212-867-7136 

ORLANDO, Florida 
BCS ASSOCIATES, INC. 
601 N. Fern Creek Ave. 
Tel: (305) 241-1091 
TWX: 305-275-0422 

HEWLETT-PACKARD (CANADA) LTD. 
1762 Corling Ave. 
Tel: (613) 722-8162 

OTTAWA, Ontario, Canada 

“PHILADELPHIA, Pennsylvania 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
144 Elizabeth St. 
W. Conshohocken, Penna. 
Tel: (215) 248-1600 
TWX: 215-828-3847 

NEELEY ENTERPRISES 
771 S. Scottsdale Rd. 
Scottsdale, Ariz. 
Tel: (602) 945-7601 
TWX: 602-949-01 1 1  

*PITTSBURGH, Pennsylvania 
S. STERLING COMPANY 
4232 Brownsville Rd. 
Tel: (412) 884-5515 

*PHOENIX, Arizona 

PORTLAND. Oreaon 
ARVA, IN,. .. 
2035 S.W. 58th Ave. 
Tel: (503) 222-7337 

RICHMOND, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point Ave. 
Tel: (703) 355-7931 
TWX: 703-359-5650 

ROCHESTER, New York 
SYRACUSE SALES DIVISION 
Hewlett-Packord Company 
800 Linden Ave. 
Tel: (716) 381-4120 

*SACRAMENTO, California 
NEELEY ENTERPRISES 
1317 15th St. 
Tel: (916) 442-8901 
TWX: 916-444-8683 

SALT LAKE CITY, Utoh 
LAHANA & COMPANY 
1482 Maior St. 
Tel: (801) 486-8166 
TWX: 801-521-2604 

*SAN DIEGO, Californio 
NEELEY ENTERPRISES 
1055 Shafter St. 
Tel: (714) 223-8103 
TWX: 714-276-4263 

fSAN FRANCISCO, California 
NEELEY ENTERPRISES 
501 Laurel St. 
Son Carlos, Cal. 
Tel: (415) 591-7661 
TWX: 415-594-8857 

*SEATTLE, Washington 
ARVA, INC. 
1320 Prospect St. 
Tel: (206) 622-0177 
TWX: 206-998-0733 

SPOKANE, Washington 
ARVA, INC. 
E a s t  127 Augusta Ave. 
Tel: (509) 325-2557 

* S T .  PAUL. Minnesoto 
CROSSLEY ASSOCIATES, INC. 
842 Raymond Ave. 
Tel: (612) 646-7881 
TWX: 612-551-0055 

SYRACUSE, New York 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
P:ckard Bldg., E. Malloy Rd. 
Tel: (315) 454-2486 

TORONTO, Ontario, Canada 
HEWLETT-PACKARD (CANADA) 
1415 Lawrence Ave. W. 
Tel: (416) 249-9196 

TUCSON, Arizona 
NEELEY ENTERPRISES 
232 S. Tucson Blvd. 
Tel: (602) 623-2564 
TWX: 602-792-2759 

*WASHINGTON, D.C. 
HORMAN ASSOCIATES, INC. 
941 Rollins Ave. 
Rockville, Maryland 
Tel: (301) 427-7560 
TWX: 301-427-4651 

LTD. 

“Indicates Instrument Repair Stotionr 
i For insutrument repair contact: Customer Service, Hewlett-Packard Company, 395 Page Mill Rd., Polo Alto, Californio, Tel: (415) 326-1755 
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EDITOR'S NOTE
BRC Assumes Divisional StCltus

Boonton Radio Corporation, a sub
sidiary of the Hewlen-Packard Com·
pany since 1959. assumed divisional
Sl11nlS NO\'ember I, 1962. At dut time,
BRCs name was changed co Boonton
Radio Company.

The conversion of BRC to a division
of the Hewlett-Packard Co. is a part of
an over-all program 10 achieve grearer
flexibility of the entire HP organiu.
tion and to improve operating effi
ciency. 1llis change ""il! in Ill) way af
f«1 BRC policies or product line, bul
will permit us 10 offer Improved and
npanded ~rviccs to Ollr customers.

Mr. William D. Myers. formerly
manufacturing mana~r of HP's Micro
wave Di\'ision in Palo Alro, ha.s been
named general rnauager of the new
Boonton Radio Division. Mr Myers

joined HP in 1944 as a dl:vclopmell1
engineer and has sinc!:: held a number
of executiv!:: positions. including man·
ager of quality-eonuol engineering.

A flatil'e of San Jose. California, Mr
Myers is an e1ecrrical engineering grad·
uate of SClI.nford Universil)' and a senior
member of the Institute of Radio
Engineers.

William D. Myers

BRC Wins

"New Good Neighbor" Award -...../

Boomon Radio Company was one of
len winners in rhe rhird annual "New
Good Neighbor" comest, a sDte-wide
COntest sponsored by New Jerscr Busi·
ness Magazine, a service of the New
Jersey Manuf:acl\lrers Association. Nom
inations for the contCSI are made by the
ma)'ors of the communities in which
new buildings are located. Winners are
selt"CTed by a panel of noted business
and civic leadc-rs and architects. Points
considerC'd in the judging are: Ihe gen
erul amliCliveness of me building and
iTS economic value ro the communi!)',
and lhe company's overall communit)'
relations approach aocl effectiveness..

BRC is indeed ha.pp)· 10 have httn
selectC'd a winner in the comesl and is
proud of ilS "good neighbor" role in
tlv- ("Immunity.

LTD.

INC,

ON<.

SYUCUSE. N ... y...k
SYlACUSE SALES DIVISIONH.....I."·,,,,,...,d C"""",ny
':<ka,d Iidg.• E...... Iia, Id.
f.l (315) ."'_2.16

rOWNTO. Onlor;.., C..nod..
HEWIETT·'ACU.ID (C"'NADA),.,5 I Ave W.
T.I ("16) 2 ·.1%

tuCSON. Ar;co ..
NULEY ENTU'I1SfS
232 S. T...._ Ilvd.
T.I, (<102) 623-256<1
TWX, 602-79'2-2159

'SEAHlE, W ...hinl1lon....V.... INC.
1320 P,o."",. s,.
T.I, 12061 611·0\77
TWX, 206·991·0733

SPOKANE. Wa./'inl1'an....V.... INC.
Eo.! 127 Augu"a A••.
T.t. (sotl 325·2"7

'ST. pAUt, Minn••o'o
CROSSLEY ...SSOCI ...TES.
..2 ...,,,,,,,,et A••.
T.I. 1612) 646·7UI
TWX, 612·551·0055

SAH tAKE CIfY, U...h
LAIi ...N COM'ANY
142 _I St
T.I (101) 46·1166
TWX, 101-$21·260-1

• S"'N DIEGO. C..m..,ni..
NEElEY ENTEI'IISES
lOSS !ohoh.. St.
r.l, (71.) 223·1103
TWX, 714·276·4163

iSAN flANCISCO. C..lil..,ni.
NEHEY ENTElnlSES
~I Lou ••1 S•.
Son Carl.... C..I.
T.l, (415) 591·7661
rwx, 415·".·U!7

'WASHING rON. D.C.
HO.......N ASSOCIATES.
,.1 lall'n• .11_.
Io<hll~. IAorfIond
Tel (301) 42]·7560
TWX 301_.2]·4651

-MONUEAl, '.0.. Conodo
tlfWLEn·PACItAID (CANAD"" LTO.
lUll _"ond St
T.I, (SI •• 73S·:nn

'NEW YOlK. N... Yo,k
ItInC SALES DIVISION
tl.....1."·,,,,...,d Company
236 Eo.. 75<1> S•.
T.I, (212) 179·202S
TWX, 212·167·7136

ORLANDO. lI..,id..
BeS ...SSOCIATES, ON<
601 N. ffl'n C,_ ..... ,
r.1t 1305) 241_1091
TWX, lOS.77S·~22

OTTAWA. O~' io. Canad..
HEWIETT·, CKAlD (C"'NADA) LTD.
1762 Coolinl A••.
T.I, (613) 7 2·1162

'PHIlAOELpHIA. P.nno,l.on;o
IQIINSON SAlES DIVISION
H I."·'acko.d Campan,
I fl',ob••h S••
W. Con.hoho<~.n. '"M...
ToI, (215) 241·1600
TWX, 21S·I28·31.7

'PHOENIX. A,i••n..
NEUEY ENTUUISU
771 S. 5<o"tdol. Id.
Sco.,tdol......1••
T.I, (6021 'd·7601
TWX, 602·949·0111

·PITTS8UrCH,P.nnoyl.o.. i..
S. STUIlNG COM'ANY
4132 1...w ...vlll. ld.
T.I, (.,2) U4·Jj15

I'OUtAND. 0,-0....
AllY.... INC.
7035 S.W. SI.h Av••
T.h (S03) 222·7337

riCHMOND, Vh"i..i..
IIVINS & CALDWEll, INC.
1219 Hillh "';n. A_
T", (103) 3SS-7931
TWX, 7Ol·359·S6:50

IIOCHEun, N.w Yo,k
Sl'IlACUSE SALES DIVISION
1iew'....·Podat<! Compan,
100 1,-.. A_.
Tel, (716) 381·.120

'SAcrAMENIO, C.IU",mo
NULEY ENTU"-ISfS
1317 15<1> St.
Tel, 1"6) 2·1901
twx, 916- 161J

INC.

'INDIANAI'OIIS, Indian...
CfIOSSLU SSOCIATfS. INC.
:J919 _do D<1v.
T.1o (317) 546-.191
TWX. 317·635-.oJOO

lAS CIUCES. N.w ""'"",a
NEElEY fNTU'IISES
114 Sou'" Wa'., S'.
1..1, (SOS) S26-246
TWX, .$05-524-1471

'DnltOlf. M;c"iv..n
S. STUlING COM''''NY
21':50 10-112 ""Ie Il-.I
SovIlo';.ld. "";d'o~
Tel, (31l) ....2·5656
TW_, 313·357·4615

ENGlEWOOD. N... J.n.,
IMC SALB DIVISION
1iew'1-n-'a<ka,d C.....pony
:WI Gf..nd ......
T.I. 1701) 567·:Wll

H",UIS.UlG. '.nn.,I.onio
fIOllNSON SALU DIVISION
H..... I.n·'acka,et C.....pon,
' ..,k ",>C. OIfi,. Ildg.
Cam.. 11<11. '."na.
r.1o (717) 737·6791

'HAllFORD, Conne<licul
HWHL "'SSOCI ... TES. INC.
519 So,b.oak load
Middlela ..n. Conn.
T.h (7031 346·6611
TWX, 703·346·N33

'HIGH 'OINT, Na"h C.. 'o/j~ ..
IIVINS & C... lDWELL, INC.
1923 Na,.h M..i~ SI.
To" [",) 882·6873
rwx, '1.·IBl·4'12

'HOUSTON, T .
EAIL LIPSCO I ASSOCIATES
382S lichm d "'v•.
T.I, (71l) 667_2407
TWX, 713·571-1353

HUNTSVIllE, AI..b......
IIVINS & CALDWEll.
T.I, (70S) SJ-O.5733
IDi'K' Ii ... "" ...,lon>o)

INC.

INC.

INC.

'lOS ANGElES, Cal;/am;o
'DENVEt. CoIo,odo NEElEY ENTU''lnSfS

IAttANA .. COM,,,,NY )939 l , BIvd_
IH6 S-'" _ .., North n..ll C..l.
T.I, (303) m_ml Tel, (213) '77-12'82
TWX, 303·292·3056 TWX, 213·769·.0660
-1 ' .. 1......._. legel. S..._.

tf Itl..._ • .....,;, .....-., C..._ So-n-lc.., Ho-~;;foN' ~DiO'·Ct):u"AN;'·iO.';.;.;.''''••;.~;'.,.;,='~••llf._:::::'~••' "'""".;'~••""'"~"'~O;';'.' ;!J

·CHlCAGO. lIIi~ai.

ClOSSLU ASSOCIATU.
2:501 W. ' .....""n "'v.
T.l, 1312) V'·16OO
lW_, 312·212·0311

'ClEVElAND. Ollio
S. STElliNG CO.....'ANY
~V _,fi.ld load
T.I, (216) ....2·1010

'DAUAS, Tua.
Ull LII'SCO...... A$SOCI ...Tn
:)60' In ........ Iload
1.1, 121e) 357_1'11
TwX, 21e·""·",,,

ULtIMOlE, Ma'TI,,~d
HOlM...N ASSOCIAHS. INC.
:1006 w. Cold Sj>rI~" La~.T." (301) 66(.eolOO

'.OSTON, Mo..o<hu••u.
J[WELL ASSOCIATES.
Middl •••• Tu.~plk.

lu,II~"IO~. Mo...
T.1l 16171 272·9000
TWX, 617.272-1426

'Al.UQUEIQUE. N.... M..ico
NEH J fNTUPlisn
6»1 1_ alvet.. N.f.
T.I, (»') 255·'514
TW_, »S·2.l·n,.

AS8un PARK. N.... ).".,
fIOllNSON SAIU DIVISION
H... len·'o<k,..<I ComP""J
1117 lallrood Av•.
T.I, (701) $)lol1»
TWX, 701·$)1·1331

'AUANTA 5. C.a,,,i,,
$IVINS & C... LDW!H. INC.
ll10 .....01'1. Driv•• N.E.
T." (.004) 233·1141
TW_, 404·231·4720

•



A New Unity Gain Frequency Converter 
RICHARD H. BLACKWELL, DeueZo$ment Engineer 

the input frequency range could be 
compensated for by adjusting the re- 
sponse of the wideband amplifier. In 
the 207H Univerter, however, any de- 
parture from flat mixer response ap- 
pears as an asymmetry in the upper 
and lower halves of the overall response 

With the development of the 202H 
and 202J VHF Signal Generators, the 
design of an improved version of the 
207 Univerter was undertaken. Des- 
ignated the 207H, this instrument re- 
tains the basic conce t o€ earlier models 

features: 
1. An improved wideband mixer to 
permit operation with input frequencies 
above and below the local oscillator 
frequency . 
2. A redesigned local oscillator afford- 
ing better stability and low residual FM. 
3. A built-in 40 db attenuator to aid 
in making low-level measurements. - 4. An -hp- modular c to com- 
plement the 202H, and 

The 297W Univerter is 'basically a 
unity gain frequency converter cover- 
ing an output frequepcy ran e of 100 

gram of the principal functions. A 
local oscillator frequency sf 200 mc 
was chosen because i t  falls within ehe 
range of both the 202W and 202J 
Signal Gen~~ators ,  and because i t  is a 
convenient figure to use in determin- 
ing rhe Univerter output frequency for 
a known in ue frequency. The out ut 

the signal generatar input frequency, 
F,, as follows: 

while offering the P ollowing additional 

kc to 5 5  me. Figure 2 is a f lock dia- 

frequency o P the 207H, F,, is relate c f  60 

F, = 207H autpue frequency in me. 
B = Signal generaror input frequency 

in mc. 
If the Frequency Increment Dial i s  set 
at zero, the output frequency of the 
207H is simply the difference between 
the signal generator input frequency 

b and the 200 mc local oscillator fre- 
quency. 

When loaded with 50 ohms, the 
unity gain or X1 output level is within 

Flgure 1 .  Type 207H Univerfer 

+. I db of she signal generator input 
level in the operating ranges previously 
defined. The X,QZ output provides a 
signal level 40 db below that obtained 
at the X1 output and the High Output 
provides a minimum level of one volt 
for 0.1 volt input. The input, XI out- 
put, and X.01 output have a nominal 
impedance of 50 ohms and ehe High 
Output has a nominal impedance of 
300 ohms. 

MlXER 
Freviaus models a€ the 2Q7 Uni- 

verter were designed to operate only 
with input signals of a higher frequency 
than the local oscillator frequency. 

correct for mixer non-flatness for either 
input frequency range, but not for both 
ranges simultaneously. 

Two possible solutions for this prob- 
lem are: ( 1) a switching circuit to 
provide the proper compensation for 
each range, or ( 2 )  a mixer circuit 
which is sufficiently flat over the input 
frequency range. The latter approach 
was chosen. 

Figure 3 ( a )  is a schematic diagram 
of the mixer circuit employed in all 
previous models of the 207 Univerter. 
The signal generator input signal is 
fed to the cathode of a triode mixer 
and the oscillator signal if applied to 
the grid by means of a coil coupled 

OUTPUTS 
X I  
sonz 

x .01 
5 0 0  z 
HIGH 
LEVEL 
3000 2 

Figure 2. Functional Block Diagram - 207H 
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correct for mixer non-flames! for either
input frequency range, but not for both
ranges simultaneously.

Two possible solutions for this prob
lem are: (1) a switching circuit to

provide the proper compensation for
each range, or (2) a mixer circuit
which is sufficiently flat over the input
frequency range. The latter approach
was chosen.

Figure 3(a) is a schematic diagram
of the mixer circuit employed in all

MIXER previous models of the 207 Univerter.
Previous models of the 207 Uni- The signal generawr input signal is

verter were designed to operate only fed to the cathode of a triode mixer
with inpUt signals of II higher frequency and dle oscillator signal is applied to
than the local osciJlator frequency. the grid by means of a coil coupled

,------..,

± I db of the signal generator input
level in the operating ranges previously
defined. The X,OI OUtpUt provides a
signal level 40 db below tnat obtained
at (he X 1 Output and the High OutpUt
provides a minimum level of one volt
for 0.1 volt input. The input, Xl OUt·
pUt, and X.OI outpUt have a nominal
impedance of 50 ohms and the High
OutpUt has il nominal impedance of
300 ohms.

Flllqre 2. FUllctl"nol "ad DIagram _ 207H

Small variations in mixer response over
the input frequency range could be
compensated for by adjusting the reo
sponse of the wideband amplifier. In
rhe 207H Univerter, however, IIny de
parture from flac mixer response ap
pears as an asymmetry in the upper
and lower halves of the overall response
curve. The amplifier can be used ro

F, ;;:: 207H outpUt frequency in me.
F1 =::: Signal genctluor input frequency

in me.

If the Frequency Increment Dial is set
at zero, the outpUt frequency of the
207H is simply the difference betWeen
the signal generator input frequency
and the 200 me local oscillator fre
quency.

When loaded with SO ohms, the
unity gain or X 1 OutpUt level is within

f. '" 120C1-F'I+ IF'b;".~crR~i:'IT\<O'( x fa--'

14'.s F, S 199.9 (202Hj
200.1 :s: F, :s 2" (20211

With the development of the 202H
and 202J VHF Signal Generators, the
design of an improved version of the
207 Univerter was undertaken. Des
ignated the 207H, this instrument re
rains the basic concept of earlier models
while offering the following additional
features:
L An improved widcband mixer to
permit operation with inpUT frequencies
above and below the local oscillator
frequency.
2. A redesigned local oscillacor afford·
ing better stability and low residual FM.
3. A built-in 40 db attenuatar to aid
in making low·level measurements.
4. An .hp. modular cabinet t? com·
plement the 202H, and 202).

The 207H Univcrrer is basically a
unity gain frequency converter cover
ing an OUtput frequency range of 100
kc to 55 mc. Figure 2 is a block dia
gram of the principal functions. A
local oscillator frequency of 200 mc
was chosen because it falls within the
range of both the 202H and 202)
Signal Generators, lind because it is II

convenient figure to use in determin
ing the Univener OUtpUt frequency for
a known input ftequency. The OUtpUt
frequency of the 207H, F•• is related to
the signal generator input frequency,
F,. as follows:



B O O N T O N  R A D I O  C O M P A N Y  

T H E  B R C  NOTEBOOK is pub- 
lished three times a year by t he  Boonton 
Radio Company, a Division o f  Hcwlett- 
Parkard Company. I t  is m.ailed freP 
of charge to scientists, engineers and 
other interested persons in the corn- 
niutaications and electronics fields. Tlzc 
contents may be reprinted o d y  zci t lz  
zcwitten permission froin the  editor. 
Your comments and suggcstioris are 
urelrome, and should be addrcsscd to :  
E d i t o r ,  7'H E B R C N 0 7 ' E  R 0 0 K ,  
Booriton Radio Company, Green Pond 
Rd.. Rorkazrtav. N .  J .  

to the oscillator tank circuit. 
Figure 3 ( b )  is a simplified Norton 

equivalent circuit with the grid leak 
bias components and all but one of the 
interelectrode capacitances omitted. The 
output of the mixer is determined by 
the conversion transconductance g,, the 
signal frequency load impedance ZL and 
the grid to cathode voltage Vgk. V,r, 
however, is not always equal to the 
signal generator input voltage V,,, and 
the relationship between them is fre- 
quency dependent. At some frequency 
F,, series resonance occurs between Cgr 
and L,. For input frequencies near F,, 
V,, will be larger than V,, by a factor 
which depends, in part, on the Q of 
the resonant circuit. Because the series 
resonant circuit forms a feedback cir- 
cuit between the grid and cathode of 
the mixer, the actual resonant frequency 
is slightly higher than the natural re- 
sonant frequency. For the circuit of 
Figure 3 ( a ) ,  F, is 230 mc. This un- 
desirable resonance effect can theoreti- 
cally be eliminated by either shifting 
F, to a higher frequency (by reducing 
Cgr and Lc), or by reducing the effec- 
tive Q of the circuit to unity. These 
possibilities suffer from practical cir- 
cuit limitations which are difficult to 
overcome. 

A much better solution to this prob- 
lem would be non-resonant coupling 
from the mixer to the oscillator. Rather 
than add a buffer or cathode follower 
stage, an attempt was made to take the 
oscillator signal directly from the cath- 
ode of the oscillator tube. A small value 
of resistance in the cathode circuit 
would provide the RF voltage necessary 
to saturate the mixer and also discour- 
age mixer grid circuit resonance effects 
because of the low Q it presents. In 
addition, the mixer would be operating 
essentially in the grounded-grid con- 
figuration with respect to input signals, 
resulting in a lower input VSWR. 

The result of this development is 
shown in Figure 4. A 6ER5 VHF triode 

is used as a mixer because its transcon- 
ductance can be made to swing over a 
large range with a small change in 
grid voltage, thus providing a large 
conversion transconductance with small 
drive voltages. Approximately 3 volts 
rms of 200 mc signal is developed 
across a 15-ohm resistor in the oscillator 
cathode. The Q of the resistor varies 
from 0.6 at 150 mc to unity at 250 mc. 
The 100-ohm resistor in the cathode 
of the mixer provides a 50-ohm nom- 
inal input impedance. 

100 
= 50 ohms - R k  z,,, = - 

This formula neglects interelectrode 
capacitance and assumes grounded-grid 
operation. In prototype models, the 
maximum input VSWR is 1.7 at 255 
mc and the flatness over an input fre- 
quency range of 145 mc to 255 mc is 
approximately db total variation. 

200 M c  OSCILLATOR 
The Colpitts oscillator circuit of pre- 

vious Univerters has been, improved 
for use in the 207H. The modifica- 
tions are: 

1. Substitution of a Type 6AF4A tube 
for the Type 6C4. 
2. Use of a metalized glass tank coil. 
3. Temperature compensation for im- 
proved stability. 
The 6AF4A, designed to operate as a 
UHF oscillator, is more stable and has 
a higher transconductance than the 6C4. 
The metalized glass coil is far superior 
to conventional wire-wound coils in 

1fg-B.k I + ( O l ) ( l 0 0 )  

Figure 31aJ. Mixer Circuit Used 
In Previous Univerters 

Figure 3 I b l .  Simplified Equivalen,t 
Circuit of Figure 3faJ 
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this application. It is unaffacted by 
vibration and humidity and has a max- 
imum temperature coefficent of only 
20 parts per million per degree Centi- 
grade. Since the warmup drift is related 
to temperature rise inside the oscillator 
compartment, temperature compensa- 
tion can be employed. The frequency 
decreases with increasing temperature, 
thus, requiring a negative temperature 
coefficient capacitor. Best results are 
obtained using a grid blocking capaci- 
tor whose coefficient is -330 parts 
per million per degree Centigrade. All 
other fixed capacitors in the oscillator 
are of the NPO type. Figure 5 is a table 
of the drift characteristics of 207H 
prototype models. The specification al- 
lows a maximum drift of 10 kc 
(.005 % ) in any one-hour period or 2 
kc (.001% ) in any five-minute period 
after a one-hour warmup. 

The 207H oscillator circuit has two 
frequency adjustments. An uncalibrated 
Frequency Adjust trimmer gives a tun- 
ing range of approximately four meg- 
acycles to permit zero beating the 
oscillator with an external standard. 
This control is a recessed screwdriver 
type on the front panel. The Frequency 
Increment capacitor is controlled by 
the large knob on the front panel and 
permits a change in frequency of 300 
kc either side of the center frequency. 
The dial is calibrated in 5 kc incre- 
ments and the accuracy is -C ( 3% of 
the dial reading + 1 kc). 

The residual FM of the oscillator 
due to the 60-cycle power line frequency 
and 120-cycle power supply ripple is 
65 db below 10 kc or 6 cps deviation 
typically. 

u 

u 

WIDEBAND AMPLIFIER 
If the Univerter is to have unity 

gain at 50 ohms output impedance, an 
amplifier must be used to restore the 
power insertion loss of the mixer. A 
two-stage, low-pass filter coupled am- 
plifier with an output cathode follower 
is used. An additional low-pass filter 
section couples the mixer to the first 
amplifier. 

Each filter consists of a constant K 
pi section followed by an m-derived 
half section ( m  = 0.6) terminated in 
a resistance which is approximately 
equal to the characteristic impedance 
of the filter. The input and output 
capacitance of the amplifier tubes be- 
come the capacitance elements of the 
filter as shown in Figure 6. Small trim- 
mer capacitors of the glass piston type 

BOONTON RADIO COMPANY

Figure Jlo!. Mber Circuit U.ed
'n Pr.v/o". Un/verters

Flg"re Jlh!. Simplified Equivolent
Circ"it of Fig"re Jla)
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this application. It is unaffacted by
vibrarion and humidity and has a max
imum tempe-ramre cocfficenr of only
20 pans per million per degree Centi
grade. Since the warmup drift is related
to temperamre rise inside [he oscillator
compartment, temperature compensa
tion can be employed. The frequency
decreases with increasing temperature,
thus, requiring a negative temperature
coefficient capacitor. BeSt results are
obtained using a grid blocking capaci
tOr whose coefficient is ~330 parts
per million per degree Centigrade. All
othet fixed capacitors in the oscillator
are of the NPO type. Figure 5 is a table
of the drift characteristics of 207H
prototype mooels. The specification al
lows a maximum drift of 10 kc
(.005%) in anyone-hour period or 2
kc (.001%) in any five-minute period
after a one-hour warmup.

The 207H oscillator circuit has twO
frequency adjusrments. An uncalibrated
Frequency Adjust trimmer gives a tun
ing range of approximately four meg
acycles to permit zero beating the
oscillator with an external standard.
This conuol is a recessed screwdriver
type on the front paneL The Frequency
Incremem capacitor is controlled by
the large knob on the from panel and
permits a change in frequency of 300
kc either side of the cemer frequency.
The dial is calibrated in 5 kc incre
ments and the accuracy is ± (3% of
the dial reading + 1 kc).

The residual FM of the oscillator
due to the 6O-eycle power line frequency
and 120-cycle power supply ripple is
65 db below 10 kc or 6 cps deviation
typically.

WIDEBAND AMPLIFIER
If the Univerrer is to have unity

gain at 50 ohms OutpUt impedance, an
amplifier must be used to restore the
power insertion loss of the mixer. A
two-stage, low-pass filter coupled am
plifier with an output cathode follower
is used. An additional low·pass filter
section couples the mixer to the first
amplifier.

Each filter consists of a constant K
pi section followed by an m-derived
half section (m = 0.6) terminated in
a resist;lOce which is approximately
equal to the characterisric impedance
of the filter. The inpur and omput
capacirance of the amplifier tubes be
come rhe capacitance elements of the
filrer as shown in Figure 6. Small trim·
mer capacitors of the glass piston type

'00
c-ccc-cc:=c- '" W ohm.
1+(.011(100)

is used as a mixer because its transcon
duCtance can be made ro swing over a
large range with a small change in
grid volrage, thus providing a large
conversion transconductance with small
drive voltages. Approximately 3 volts
rms of 200 me signal is developed
across a 15·ohm resisror in the oscillator
cathode. The Q of the resistOr vaties
from 0.6 at 150 me to unity at 250 me.
The lOO·ohm resistor in the cathode
of the mixer provides a 50-ohm nom
inal input impedance.

I. Substitution of a Type- 6AF4A rube
for the Trpe 6C4.
2. Use of a metalized glass mnk coil.
3. Tempetarure compensation for im
proved stability.
The 6AF4A, designed to operate as a
UHF oscillator, is more stable and has
a higher transconductance than the 6C4.
The metalized glass coil is far superiot
to conventional wire·wound coils in

This formula neglects inrercJecuode
capacirnnce and assumes grounded-grid
operation. In prototype models, the
maximum input VSWR is 1.7 at 255
mc and the flatness over an input fre
quency range of 145 mc to 255 mc is
approximately Jh db total variation.

200 Me OSCiLLATOR
The ColpittS oscillator circuit of pre

vious Univerrers has been improved
for use in the 207H. The modifica·
tions are:

THE BRC NOTEBOOK is p"b
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to the oscillator rank circuic.
Figure 3(b) is a simplified Norron

equivalent drmit willl the grid leak
bias componentS and all bur one of the
inrerelectrode capacirances omined. The
OUtput of the mixer is detetmined by
the conversion transconductance g., the
signal frequency load impedance ZL and
Ihe grid to cathode voltage V••. V."
however, is not always equal to thl!
signal generatOr input voltage V,., and
the relationship between (hem is fre
quency dependent. At some frequency
F" series resonance occurs between c..
and L." For input frC<Juencies near F,.,
V.", will be larger than Vi. by a factOr
which depends. in part. on the Q of
Ihe resonant citcuit. Because the series
resonant circuit forms a feedback cir
cuit between the grid and cathooe of
the mixer, the actual resonanr frequency
is slighrly higher than the natural re
sonant frequency. For the citcuit of
Figure 3(a), F, is 230 me. This un
desirable resonance effect can theoreti
cally be e1imin:ued by either shifting
F, to a higher frequency (by reducing
c:.. and L), or by redllCing the effec
tive Q of the circuit to unity. These
possibilities suffer from practical cir
cuit limitations which are difficult to
overcome.

A much better solution to this prob
lem would be non-resonaor coupling
from the mixer to the oscillator. Rather
than add a buffer or cathode follower
stage, an artempt was made to take the
oscillator signal directly from the cath·
ode of the oscillaror tube. A small value
of resistance in the cathode circuit
would provide the RF voltage necessary
to satllnlte rhe mixet and also discour
age mixer grid circuit resonance effects
because of the low Q it preseors. In
addition, the mixer would be ope-rating
essentially in the grounded-grid con
figuration with respeCt to input signals.
resulting in a lower input VSWR.

The result of this development is
shown in Figure 4. A 6ER5 VHF triode

2
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TIME INTERVAL T:60 Mi". 1760 Min. 
TO T O  

parallel the tube capacitances and com- 
pensate for tube variations and com- 
ponent tolerances. The gain that can 
be obtained for a given bandwidth is 
limited by the input and output capac- 
itance of the tubes and the tube trans- 
conductance. In order to be useful in 
this circuit, a tube must have a large 
transconductance combined with small 
input and output capacitance. Both the 
6AK5 and 6688 used in this circuit 
are suited for wideband amplifier use. 
Variable resistors for gain control are 
placed in the cathode circuits of both 
amplifiers. One of these controls is a 
recessed screwdriver type on the front 
panel; the other is a locking potentio- 
meter located at the rear of the cast- 
ing. The 6AK5 amplifier stage pro- 
duces a maximum gain of 1.5, and the 
6688 has a maximum gain of 8.4. Al- 
though the 6AK5 gain seems quite 
small, it serves to isolate the relatively 
high input capacitance, of the 6688 
from the mixer output, and thus per- 
mits an additional 6 db  of gain in that 
stage. The final 6AK5 provides two 
outputs. It acts as a cathode follower 
to supply the 50-ohm unity gain out- 
put and as an additional stage of am- 
plification to supply the high level, 
300-ohm output from the plate circuit. 
The High Output must be loaded ex- 
ternally with a 10 pf capacitance if 
maximum output flatness is desired. 
(The resistance loading is not critical). 
Although the low-frequency limit of 
the 207H is specified as 100 kc, the 
response extends down into the audio 
range to facilitate zero beating the 
oscillator with a signal generator oscil- 
lator, using headphones or a VTVM as 
a null indicator. The premium quality 
6688 frame grid pentode not only pro- 
duces a large gain, but offers reliable 
operation and long life. The mixer and 
amplifier together provide flat response 
within t 0.7 db over the entire operat- 
ing frequency range. 

~ 

~ 

ATTENUATOR 
A mixer, followed by a wideband 

amplifier, has an inherently high out- 
put noise level. The noise power out- 
put is proportional to bandwidth within 
the passband of the amplifier. For the 
207H Univerter, the noise level at the 
unity gain output is a maximum of 
eight microvolts over a one-megacycle 
bandwidth. This corresponds to a noise 
figure of approximately 25 db. This 
noise level can be troublesome when 
making measurements with sensitive, 

u 
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Figure 5. Local Oscillator Stability - 
lypical Performance 

l Nominal Oscillator Frequency i s  2OOmcl 

Worst unit .00035% .002% 

wideband devices. A simple solution 
to this problem is the use of an atten- 
uator between the wideband amplifier 
and the device being tested at low 
signal levels. A 40-db attenuator for 
this purpose has been incorporated in 
the design of the 207H. 

Figure 7 shows the multisection fre- 
quency compensated attenuator which 
serves a dual purpose. It provides 3.5 
db  attenuation between the X1 output 
and the cathode follower output of the 
amplifier in order to obtain a low 
VSWR. It also provides a X.01 output 
which gives a level 40 db below the 
X1  output level. Output levels are spe- 
cified across a 50-ohm load connected 
to the output in use. Both outputs 
should never be loaded at the same 
time or a serious error in attenuation 
will result. 

The resistors used are half watt, one 
percent, carbon film types (MIL RN 
20X). The maximum possible error in 
attenuation due to the resistance toler- 
ance is * 0.4 db. Change in attenua- 
tion with frequency, due to the rising 
impedance of the 10-ohm resistors at 
high frequencies, is compensated with 
shunt capacitors. The total maximum 

.004% 

in attenuation, due to both ef- 
is approximately 1 db. Typical 

~a tors  have errors of less than 
b. The attenuator exhibits a rise 
tenuation above 55 mc. This is 
ible because the transmission of 
XIS signals above 55 mc is re- 
i. For instance, at 200 mc the at- 
tion is 60 db. The X1 output has 
tximum VSWR of 1.22 and the 

output has a maximum VSWR 
17. 
le attenuated output should be used 
naking measurements at levels be- 
1000 microvolts. The attenuated 
It noise power is less than the 

produced by a 50-ohm resistor 
)om temperature. Therefore, the 
output noise power is essentially 
that associated with the %-ohm 

ial resistance. 

POWER SUPPLY 
Two power supplies are available 

with the 207H Univerter, a 95-130 volt, 
60-cycle model and a 95-130 volt or 
190-260 volt, 50-cycle model. The dual 
voltage supply has a voltage changeover 
switch mounted on the power supply 
chassis. Both supplies employ resonant 
stabilizers for 2 1% voltage stabiliza- 
tion over the indicated range of input 
line voltages. The Bf is developed by 
a conventional voltage doubler circuit, 
using selenium rectifiers and a two- 
section, choke-capacitor filter. As a re- 
sult of voltage stabilization, the local 
oscillator frequency change, due to a 
1-volt change in line voltage, is less 
than 400 cycles. 

PHYSICAL CHARACTERISTICS 
The oscillator, mixer and amplifier 

are constructed on a silver plated brass 
plate mounted on an aluminum casting 
with a silver plated brass cover plate. 
The shielded attenuator subassembly is 
mounted to the side of the casting, 
while the regulated power supply is a 
separate chassis. The entire unit is 
housed in the new Hewlett-Packard 
Modular Cabinet. This cabinet matches 

$."i !;+ 
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- - 
Figure 6. Wideband Amplifier Interstage Filters 

l Bypass and Coupling Capacitors Omitted for Simplicityl 
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Figure 6. Wideballd Amplilier Interstaqe Filters

IBypau and Coupllllg Capacitors Omitted for Simplicity!

THE NOTEBOOK

parallel the rube capacitances and com
pensatc for tube variations and com
ponent tOlerances. The gain that can
be obtained for a given bandwidth is
limited by the inpur and OutpUt capac
itancc of the tubes and [he wbe rrans
conductance. In order to be useful in
this circuit, a tube must have a large
transconductance combined with small
input and OUtpUt capacitance. Ikllh (he
6AK5 and 6688 used in this circuit
are suited for wideband amplifier use.
Variable resistOrs for gain comrol are
placed in the carhode circuits of both
amplifiers. One of these comrols is a
recessed screwdriver type on the from
panel; the Other is a locking potentio·
meter locared at the rear of the cast
ing. The 6AK5 amplifier stage pro
duces a maximum gain of 15, and the
6688 has a maximum gain of 8.4. Al
though the 6AK5 gain seems quite
small, it serves to isolate the relatively
high input capacitance, of the 6688
from the mixer OUtput, and thus per,
mits an additional 6 db of gain in that
stage. The final 6AK5 provides tWO
outputs. It acts as a cathode follower
to supply the SO-ohm unity gain OUt
pUt and as an additional stage of am
plification to supply the high level,
300-ohm OUtput from the plate circuit.
The High OUtplit must be loaded ex
ternally with a 10 pf capacitance if
maximum OUtpUt flarness is desired.
(The resistance loading is nOt critical).
Although the low-frequency limit of
the 207H is specified as 100 kc, the
response extends down imo the audio
range to facilitate zero heating the
oscillator with a signal generator oscil
laror, using headphones or a VTVM as
a null indicatOr. The premium quality
6688 frame grid pemode not only pro
duces a large gain, bur offers reliable
operation and long life. The mixer and
amplifier tOgether provide flat response
within ± 0.7 db over the entire operat·
ing frequcncy range.

ATTENUATOR
A mixer, followed by a widehand

amplifier, has an inherently high OUt
pUt noise level. The noise powet Out
put is proportional ro bandwidth within
lhe passband of the amplifier. For the
207H Univerrer, the noise level at the
unity ,gain Output is a maximum of
eight microvolts over a one-megacycle
bandwidth. This corresponds to a noise
figurc of approximately 25 db. This
noise level can be troublesome when
making measurements with sensl{ive,

Figure 4. 207M Ulliverter Mixer Clrclllt
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Figure 5. local Oscillator Stability 
TypIcal 'erformallce

INamillol Ou:llfator Frequellcy is ZOOmc/

wideband devices. A simple solution
to [his problem is the use of an atten
uatOr between the wideband amplifier
and the device being [('Sted at low
signal levels. A 40-db attenuator for
this purpose has been incorporated in
the design of rhe 207H.

Figure 7 shows the multisecrion fre
quency compensated attenuator which
serves a dual purpose. It provides 3.5
db attenuation between the X I output
and the cathode follower outpUt of the
amplifier in order to obmin a low
VSWR. It also provides a X.01 Output
which gives a level 40 db below the
X I output level. OUtput levels arc spe
cified across a SO-ohm load conna:ted
to the OutpUt in use. Both OUtpUtS
should never be loaded at the same
time or a serious error in attenuation
will result.

The resistors used are half wan, one
percent, carbon film types (MIL RN
20X). The maximum possible error in
attenuation due to the resistance tOler
ance is ± 0.4 db. Change in attenua
tion with frequency, due to the rising
impedance of the 10·ohm resistors at
high frequencies, is compensated with
shunt a1pacicors. The cotal maximum

,

error in aHenuation, due to both d
fa:ts, is approximately 1 db. Typical
attenuatOrs have errors of less than
lh db. 111e attenuator exhibits a rise
in attenuation above 55 me. This is
desirable because the transmission of
spurious signals above 55 mc is re
duced. For instance, at 200 mc the at
tenuation is 60 db. The Xl OutpUt has
a maximum VSWR of 1.22 and the
X.OI OUtpUt has a maximum VS\X!R
of 1.17.

The attenuated OutpUt should be used
for making measurements at levels be
low 1000 microvolts. The attenuated
OUtpUt noise power is less than the
noise produced by a SO-ohm resistor
at room temperature. Therefore, the
X.O 1 Output noise power is essentially
only that associated with the 50·ohm
internal resistance.

POWER SUPPLY
Two power supplies are available

with {he 207H Univerrer, a 95·130 volt,
6O-cyde model and a 95-130 volt or
190-260 volt, SO-cycle model. The dual
voltage supply has a volmge change<lver
switch mounted on the power supply
chassis. Both supplies employ resonant
Stabilizers for ± 1% volrage stabiliza
tion over the indicated range of input
line voltages. The B+ is developed by
a conventional voltllge doubler circuit,
using selenium rectifiers and a twO
section, choke.capacitor filter. As a re
sult of voltage stabilization, the local
oscillator frequency change, due to a
I-volt change in line voltage, is less
than 400 cycles.

PHYSICAL CHARACTERISTICS
The oscillator, mixer and amplifier

are construCted on a silver plated brass
plate mounred on an aluminum casting
with a silver plated brass cover plare.
The shielded attenuator subassembly is
mounted to the side of rhe casting,
while the regulated power supply is a
separate chassis. The emire unit is
housed in the new Hewlen-Packard
Modular Cabiner. This cabinet matches
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the appearance of the 202H and 202J 
cabinets and permits stacking the 207H 
with either generator.. The simple addi- 
tion of flanges permits rack-mounting. 
The front panel layout of the 207H is 
designed to complement the appearance 
of the 202H and 202J front panels 
when the units are stacked. A short ac- 
cessory cable, Type 524A, is used to 
connect the signal generator output to 
the Univerter input. 

It is desirable to have the Frequency 
Increment Dial indicate the sense of 
output frequency change as well as 
magnitude. The sense is opposite for 
input frequencies above and below 200 
mc. To avoid possible confusion, the 
input frequency ranges are color coded 
to cQrrespond to the appropriate Fre- 
quency Increment Dial calibrations. 

OPERATION WITH 202H AND 2025 
The major advantage of the Uni- 

verter principle is the extension of the 
superior modulation characteristics and 
precision piston attenuator of the VHF 
signal generator to the lower frequency 
range. 

The 207H will reproduce the modu- 
lation of the 202H or 202J, with negli- 
gible distortion, provided the following 
precautions are observed. Care should 
be taken when using low carrier fre- 
quencies that significant modulation 
sidebands do not fall below 100 kc, 
otherwise severe distortion may result. 
The following simple rules will avoid 
this condition: 

Modalation-Lowest Permissible 
Output Carrier Frequency 

AM--100 kc plus Modulation 
Frequency 

FM-100 kc Modulation Frequency 
plus Deviation Frequency 

In addition, input amplitude mod- 
ulated signal levels should be kept 
below .05 volts for minimum envelope 
distortion. 

The X1 output level of the 207H 
Univerter can be read directly from 
the 202H or 2025 attenuator dial with 
an accuracy of * 1 db plus the accu- 
racy of the signal generator attenuator 
itself. In this way the 207H effectively 
extends the range of the 202H or 202J 
precision piston attenuator to cover 
frequencies of 100 kc to 5 5  mc. 

The stability of the output signal of 
the 207H depends upon the stability 
of the 207H local oscillator and the 
stability of the signal generator with 
which it is used. Much effort has been 

X I  OUTPU 

x 01 ourpu 

put into stabilizing the 207H local 
oscillator in order that rhe output fre- 
quency stability of the Univerter will 
be controlled almost entirely by the 
stability of the signal generator. Very 
little could be gained in output fre- 
quency stability with a crystal con- 
trolled local oscillator. In addition a 
crystal controlled oscillator would pre- 
clude the use of the Frequency Incre- 
ment capacitor for calibrated frequency 
deviations of * 300 kc. The drift 
specifications for the 207H refer only 
to the local oscillator and not to the 
output frequency. 

( 5% change in F,) = 
( % increase in Fl)  Fl -( % increase in FL) FL 

F. 

Fi = sig. gen. input freq. in mc. 
FL = local oscillator freq. in mc. 
F, =output freq. in mc. 

The percent change in output fre- 
quency is a function of the magnitude 
of input and local oscillator drift, the 
direction of the drift and the output 
frequency itself. It is possible. for the 
output frequency drift to be zero while 
both the input and local oscillator fre- 
quencies are changing. 

For some applications, especially at 
low frequencies, the output frequency 
drift may be larger than desirable. It 
is possible to lock the output frequency 
of the 207H to an external discrimi- 
nator using a simple AFC arrange- 
ment. The dc output of the discrimi- 
nator must be amplified for best re- 
sults and aplied to the DC FM INPUT 
of the 202H or 202J. Care must be 
taken to use the proper polarity of 
feedback signal. Figure 8 shows the 
recommended setup. The dc amplifier 
should have a high input impedance, a 
low output impedance, a polarity re- 
versing switch and a gain of at least 
15. Both the discriminator and ampli- 
fier should be as stable as possible. The 
time constant of the dc amplifier must 
be short enough to prevent “hunting” 
and long enough to prevent carrier de- 
modulation and the introduction of FM 

hum modulation. Experimentation may 
be necessary to determine the best .-. 
value for a given application. 

Spurious output frequencies from the 
207H Univerter result mainly from 
signal generator spurious outputs which 
are converted ro lower frequencies 
along with the desired signal and ap- 
pear in the output. 

The total harmonic distortion of the 
207H is less than 2.5% at a level of 
0.1 volts. The second and third har- 
monics are at least 30 db below the 

Stobl. DISCRIMINATOR 
IUN~ lo drsirad 
frequency 

1 .FREQUENCY CONTROLLED 
SIGNAL 

Figure 8. AFC Circuit Using 
External Discriminator 

fundamental for levels up to 0.1 volt. 
Approximately 200 microvolts of 200 
mc local oscillator signal appears at 
the unity gain output. Output fre- 
quency signal leakage is at least 60 db 
below the unity gain output level 
in the vicinity of the output panel 
connectors. 

The results of a series of environ- 
mental tests indicate that the 207H is 
capable of withstanding any shock, tem- 
perature and humidity conditions likely 
to be encountered in normal labora- 
tory use. 

e 
Figure 9. Typical 207H and 202H Setup 

i, 
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figure 9. Typical 201M and 202M Setup

hum modulation. Experimentation may
be necessary to determine the best
value fot a given application.

Spurious OUtpUt frequencies from the
207H Univetter result mainly from
sign.a.l generator spurious OUtputS which
are converted to lower frequencies
along with the desired signal and ap
pear in the Output.

The tOtal harmonic distortion of the
207H is less than 2.5% at a level of
0.1 volts. The second and third har
monies llre at least 30 db below the

FIgure I. AFC CIrcuIt UI/llg
External DJlcrlmlnotor

The results of a series of environ
mental tests indicate that the 207H is
capable of withstanding any shock, tem
perature and humidity conditions likely
to be encountered in normal labora
tory use.

fundamental for levels up to 0.1 volt.
Approximately 200 microvolts of 2oo
mc local oscillator signal appears at
the unity gain OutpUt. Output fre
quency signal leakage is at least 60 db
below the unity gain output level
in the vicinity of the outpUt panel
conne<:tOts.

{%chll\~inF.) '"

(% increase in f,) F, -( % incr"-", in f.) f,
F.

F, = sig. gen. input freq. in mc.
F.. = local oscillator freq. in me.
F. = OUtput freq. in me.

The percent change in OUtput fte·
quency is a function of the magnitude
of input and local oscillator drift, the
direction of the drift and the OUtpUt
frequency itself. It is possible. for the
output frC<juency drift to be zero while
both the input and local oscillator fre
quencies are changing.

For some applications, especially at
low frequencies, the OUtpUt frequency
drift may be larger than desirable. It
is possible to lock the OUtput frequency
of the 207H to an external discrimi
nator using a simple AFC arrange
ment. The dc OUtpUt of the discrimi
nator must be amplified for beSt re
sults and aplied to the DC FM INPUT
of the 202H or 202J. Care must be
taken to usc (he proper polarity of
feedback signal. Figure 8 shows the
recommended setup. The de amplifier
should have a high inpnt impedance, a
low OUtput impedance, a polarity re
versing switch and a gain of at least
15. Both the discriminator and ampli
fier should be as stable as possible. The
time constant of the de amplifier must
be short enough to prevent '·huming"
and long enough to prevent carrier de
modulation and the introduction of FM

Figure 1. 40 db Attenuator

pUt imo stabilizing the 207H local
oscillator in order that the output fte
quency stability of the Univertet will
be controlled almost entitely by the
stability of the signal generator. Very
little could be gained in output fre
quency stability with a crystal con
trolled local oscillator. In addition a
crystal controlled oscillator would pre:
clude the use of the Frequency Incre
ment capacitor for calibrated frequency
deviations of j: 300 kc. The drift
specifications for the 207H refer only
to the local oscillator and not to the
OUtpUt frC<juency.

OPERATION WITH 202H AND 202J
The major advamage of the Uni

verter principle is the extension of the
superior modulation characteristiCs and
precision piston attenuatot of the VHF
signal generator to the lower frequency
range.

The 207H will reproduce the modu
lation of the 202H or 202J, with negli
gible distortion, provided the foUowing
precautions are observed. Care should
be taken when using low carrier fre
quencies that significant modulation
sidebands do not fall below 100 kc,
otherwise severe distortion may result.
The following simple rules will avoid
this condition:

Modulation-Lowest Permissible
OUtpUt Carrier Frequency

AM-1OO kc plus Modulation
Frequency

PM-lOO kc Modulation Frequency
plus Deviation Frequency

In addition, input amplitude mod
ulated signal levels should be kept
below .05 volts for minimum envelope
distortion.

the appearance of the 202H and 202J
cabinets and permits stacking the 207H
with either generator.. The simple addi·
tion of flanges permits rack-mouming.
The from panel layout of the 207H is
designed to complement the appearance
of the 202H and 202J frone panels
when the units are stacked. A shorr ac
cessory cable, Type 524A, is used to
connect the signal generator output to
the Univerter input.

It is desirable to have the Frequency
Increment Dial indicate the sense of
outpUt frequency change as well as
magnitude. The sense is opposite for
input frequencies above and below 200
me. To avoid possible confusion, the
input ftequency ranges are color coded
to correspond to the appropriate Fre
quency Increment Dial calibrations.

The Xl OUtpUt level of the 207H
Univener can be read direcdy from
the 202H or 202J attenuator dial wirh
an accuracy of ± L db plus the accu
racy of the signal generatot anenuator
itself. In this way the 207H effectively
extends the range of the 202H or 202J
ptecision piston attenuator to cover
frequencies of 100 kc to 55 mc.

The stability of the Ourput signal of
the 207H depends upon the stability
of the 207H local oscillator and the
stability of the signal generator with
which it is used. Much effof! has been
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SUMMARY and “REFERENCE FM SIG. GEN.”, 
together with the output designations 
“f, ,” and f, ,;’, should be interchanged. 
The Notebook is indebted to Mr. K. E. 
Farr of Jerrold Electronics Corp. for 
pointing out this error. 

CORRECTION 
The block diagram shown in Figure 

9, Page 5 of Notebook Number 33 is 
not correct as shown. The blocks desig- 
nated “FM SIG. GEN. UNDER TEST” 

-1 The 207H is a valuable accessory to 
the 202H and 202J Signal Generators. 
The three instruments together offer 
calibrated output levels with both AM 
and FM modulation over a frequency 
range of 100 kc to 270 mc. 

NULL ORDER 

1 2 3 

20,792 9,058 5,778 
31,188 13,587 8,667 
62,375 27,173 77,334 
103,959 45,289 28,889 
124,750 54,347 34,667 

New Techniques in FM Fidelity Measurements 
RICHARD N. SCHULTE, Prodaction Ewgineer 

INTRODUCTION 
Common methods of measuring a 

signal source FM fidelity involve the 
use of a receiver or detector with known 
fidelity characteristics. This article de- 
scribes a method of determining fidelity 
by measuring the deviation of an FM 
source as a function of a*constant am- 
plitude modulating signal, without de- 

‘pendence on the receiver’s fidelity 
characteristic. Any relatively good nar- 
row band AM receiver will suffice for 
the measurement since the fidelity re- 
quirement is not critical. 

In the absence of AM, the frequency 
spectrum of an FM signal shows the 
amplitude relationship between the car- 
rier and the various sidebands. The 
modulation index, m, is defined as 
Af/f,,,; where Af is the peak frequency 
deviation of the carrier from its center 
frequency, and fmol, is the modulation 
frequency. 

The various carrier and sideband 
amplitudes that result from values of 
m are related to the Bessel Functions 
of the first-kind, J. ( m ) ,  with order 
equal to n where nfmo, equals the 
separation between the carrier frequency 
and the sideband or spectrum compon- 
ent of order n. 

The carrier amplitude is E, = E,J, 
( m ) ,  the first-order sideband is El = 
E,J1 ( m ) ,  and the nth order sideband 
is E, = E,Jn ( m ) ;  where E, is the 
amplitude of the unmodulated carrier. 

BESSEL ZERO METHOD 
For years, frequency deviation has 

been measured by using the fact that 
the carrier amplitude, related to the 
Bessel Function J. ( m ) ,  goes to zero 
at certain values of modulation index 
(m= 2.405, 5.520, 8.653, 11.79, etc.). 
For this type of measurement all that 
is needed is an accurately known mod- 
ulation frequency source, and a receiver 
selective enough to precisely indicate 

- 
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 MODULATION INDEX) 

fat € , / E ,  in Absolute Values 
Figure 1 .  Amplitude Rat io 

the carrier null in the presence of a 
first-order sideband. The procedure is 
simply to tune to the carrier with no 
modulation present, and then increase 
the amplitude of the modulating signal 
until the desired nth order null is reached 
as indicated by the disappearance of 
the carrier, for the nth time’. For ex- 
ample, the deviation of an FM signal 
source can be set to 150 kc using the 
second-order Bessel Zero modulation 
index ( m )  of 5.520. In this case the 
modulation frequency used is 

150 kc nf 
f,,, = - - 

m 5.520 
= 27,173 cps. - 

Tuning to the carrier, without mod- 
ulation, and then increasing the ampli- 
tude of a 27,173 cps modulating signal 
until the second null is reached, will set 
the deviation of the signal source to 
150 kc. Table 1 contains frequently 
used Bessel Zero frequencies and result- 
ing deviations. 

The minimum receiver bandwidth 
that can be used with a VHF FM signal 
source of good stability limits the mod- 
ulation frequency to a minimum of 
about 5 kc. This puts a limit of approx- 
imately 12 kc on the minimum devia- 
tion that can be measured by Bessel 
carrier zeroes. On the other hand, nulls 

- m vs. E , / € ,  

above the 4th order become difficult to 
identify and precisely locate. This lim- 
itation is not serious, however, because 
most FM telemetry and entertainment 
receivers are quite flat, before de-em- 
phasis, from 50 cps to 15 kc. Most FM 
Signal Generators are also quite flat 
in this frequency range. 
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SUMMARY
The 207H is a valuable accessory to

the 202H and 202J Signal Generators,
The rhree instruments together offer
calibrated outpUt levels with both AM
and FM modulation over a frequency
range of 100 kc to 270 mc,

CORRECTION
The block diagram shown in Figure

9, Page 5 of Notebook Number 33 is
not correCt as shown. The blocks desig
nated "FM SiG. GEN. UNDER TEST'

and "REFERENCE FM SIG, GEN.",
together with the OUtput designations
"f. " and f,,:', should be imerchanged.
Th~ NoteboOk is indebted to Mr, K. E.
Farr of Jerrold Elecrronics Corp. for
pointing OUt this errot.

New Techniques in FM Fidelity Measurements
RICHARD N. SCHULTE, Production Engineer
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DEVIATION NULL ORDER

(h) , , 3

'" 20,791. 9,058 5,n8

" 31,188 13,587 8.667

'''' 61,375 17,173 r7,33~

,'" 103.959 ~5,189 18.889

300 11~,750 54.347 34,667

Tab/e I. Berrel Zero Mod"latlll9 Freq.

The first·order Bessel Zero appears
at a modulalion index of 2.405, which
is the minimum value useable with the
Bessel Zero method. Obviously, the
Bessel Zero method fails, and hence a
problem arises at modulation indices
less rhan 2.405. For instance, a 50 kc
deviation ar a modulating frequency of
500 kc gives a modulation index of 0.1
and is nor rneaslltable by the Bessel

'Zero method.

SIDEBAND AMPLITUDE METHOD
Analyzing the Spectrum

A ratio measuremem of the first·

M 150 kc
f ..... == -- = = 27,173 cps.

m '5.520

Tuning to the carrier, without mod
ulation, and rhen increasing the ampli·
rude of a 27,173 cps modulating signal
until the second null is reached, will set
the deviation of the signal source to

150 kc. Table I conrains frequemly
used Bessel Zero frequencies and result
ing deviations,

The minimum receiver bandwidth
that can be used with a VHF FM signal
source of good srability limits the mod·
ulation frequency to a minimum of
about 5 kc. This putS a limit of approx
imately 12 kc on the minimum devia
tion lhat can be measured by Bessel
carrier zeroes. On the other hand, nulls

'aJ f,/f. in Ablolute Vol".1I fbI f,IE, in Decibels

FIgure I. Amplitude Ratio - m VI, f,IE,

the carrier null in the presence of a above the 4th order become difficult to
first.order sideband. The procedure is identify and precisely locate. This lim-
simply to tUne ro the carrier with nO itation is not serious, however, because
modulation present, and then increase most FM telemetry and entertainment
the amplitude of the modulating signal receivers are quite fht, before de-em-
until the desired n,. order null is reached phasis, from 50 cps ro IS kc. Most FM
as indicated by the disappearance of Signal Generators are also quite flat
the carrier, for the n,. time l , For ex- in this frequency range.
ample, the deviation of an FM signal
source can be set to 150 kc using the
second-order Bessel Zero modulation
index (m) of 5.520. In this case rhe
modulation frequency used is

INTRODUCTION
Common methods of measuring a

signal source FM fidelity involve the
use of a receiver or detecmr with known
fidelity characteristics. This article de
scribes a method of determining fidelity
by measuring the deviation of an FM
source as a function of a constant am·
plitude modulating signal; without de

'pendence on the receiver's fidelity
characteristic. Any relatively good nar
row band AM receiver will suffice for
the measuremerll since the fidelity re
quirement is not critical.

In the absence of AM, the frequency
speCtrum of an FM signal shows the
amplitude relationship between the car·
rier and the various sidebands. The
modulation index, m, is defined as
6f/f_; where 6f is the peak frequency
deviation of the carrier from its Center
frequency, and f..... is the modulation
frequency.

The various carrier and sideband
amplitudes that result from values of
mare relared to the Bessel Functions
of the fim·kind, J. (m), with order
equal to n where nf...... equals the
separation between the carrier frequency
and the sideband or specrrum compon
em of order n.

The carrier amplitude is E. = E.]~

(m), the firSt-Qrder sideband is E\ ==
E.J I (m), and the nth order sideband
is Eo = E.,]. (m); where E. is the
amplitude of the unmodulated carrier.

BESSEl ZERO METHOD
For years, frequency deviation has

been mCllsured by using the fact that
the carrier amplitude, related to the
Bessel Function J. (m), goes to zero
at certain values of modulation index
(m== 2.405, 5.520, 8.653, 11.79, etc.).
For this rype of measuremenr all that
is needed is an accurately known mod
ulation frequency source, and a receiver
selective enough to precisely indicate
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order sideband to carrier amplitudes 
fills this gap. The ratio under considera- 
tion, E1/E,, equals J1 (m) , ' Jo(m) ,  be- 
cause E1 = EoJl ( m )  and E, = E,J,(m) 
and therefore, EI/E, is a function of the 

modulation index ( m  = -) . There- 

fore, the actual deviation can be deter- 
minded since f,,, is known and m can 
be calculated from EI/E,, which equals 

m can be found in any table of Bessel 
functions of the first kind. When m is 
less than 0.5, a good approximation is 

Af 

f,,,",, 

Jl(m)/J.(m). If Jl(m)/Jdm) is known, 

m 
. For convenience, - _ -  JI  ( m )  

J.(m) 2 
m vs. J, ( m )  /Jo ( m )  is plotted in Fig- 
ure 1. The values of J l ( m ) / J o ( m )  or 
El/E,, for some of the more common 
modulation indices, are listed in Table 2. 

r I I I F /F 1 -,, -< 

rn A f ( k c )  f ,,,.,., (kc) RATIO I db 

100 I -11.7 

.Effects of AM Distortion 
For the sideband method to give ac- 

curate results, the FM spectrum can 
not be distorted by AM. Residual AM 
on an FM spectrum usually increases 
the amplitude of one sideband and de- 
creases the amplitude of the other, as 
shown in Figure 2. If the FM signal 
is distorted by incidental AM, the IF 
signal obtained by beating it with a 
local oscillator will also have AM dis- 
tortion. This distortion can be mini- 
mized by adjusting the relative RF 
levels of the AM distorted FM signal 
and local oscillator. If the distorted 
signal is made large enough to operate 
the diode in its saturated region, clip- 
ping by the diode will reduce the AM 
distortion. Reducing the AM content, 
while maintaining a constant IF ampli- 
tude, can be obtained by increasing the 
level of the distorted signal and de- 
creasing the level of the local oscillator. 

Receiver Requirements 
The receiver to be used must be 

selective enough to locate the carrier in 

fc-fmod fc fc+fmod 
Ondistorted FM Spectrum 

AM Distorting Spectrum 

FM Spectrum with Effect of AM 

Figure 2. 

the presence of first-order sidebands 
for modulation frequencies down to 
9 kc. Beating the RF signals to an IF 
carrier allows the use of a receiver with 
average selectivity. A receiver with ad- 
justable selectivity, such as the Ham- 
marlund SP-600, makes it possible to 
adjust the bandwidth as the modula- 
tion frequency varies. For example, with 
a 20 mc carrier and a 10 kc modulation 
frequency, the receiver must be able to 
distinguish the carrier (20  mc) from 
the first-order sidebands (19.99 mc 
and 20.01 mc).  At higher modulation 
frequencies, the spectrum components 
have wider spacing and the receiver 
bandwidth can be increased for easier 
tuning to the carrier and sidebands. 

The RF amplitude of the sideband 
carrier is indicated on a VTVM con- 
nected to the second detector output 
of the receiver, which should vary in 
a somewhat linear manlier with the 
signal. The meter does not measure the 

SIGNAL 
GENERATOR 

UNDER 

absolute amplitudes of the carrier and 
sidebands, but it is used to set and .-, 
match equal levels at the receiver in- 
put; therefore, its nonlinearity is not 
too important to the measurement. 

Sideband-to-Carr ier  Ratio 
There are many ways to measure the 

sideband-to-carrier ratio, two of which 
will be discussed. The first, and prob- 
ably the faster, shown in Figure 3,  uses 
step attenuators to determine the amount 
of attenuation needed to reduce the 
carrier amplitude down to the sideband 
amplitude. This gives the ratio E1/E, 
directly in decibels. 

The second method (Figure 4 )  uses 
a reference generator operating at the 
Intermediate Frequency, matching its 
output level (as indicated on the 
VTVM), to the levels of the carrier 
and sidebands. 

Using either method, the modulation 
signal applied to the FM generator 
must be held at a constant amplitude 
over the range of modulation frequen- 
cies used. 

Setting Reference Deviation 
The modulation signal amplitude is 

set for each carrier frequency to be 
tested by making a Bessel Zero cali- 
bration for the reference deviation be- 
ing used. Using a frequency counter, 
set the frequency of the modulation 
source ( -hp- 650A Test Oscillator). 
Tune the receiver to the carrier with 
no modulation, and then increase the 
amplitude of the modulation signal until 
the desired order null occurs. The null 
can be detected on the meter or with 
earphones using the receiver BFO. This 
amplitude of modulation signal will be 
used for the rest of the measurements 
and the results will be based on a 
known reference deviation. The refer- 
ence deviation can be set to 50 kc by 
setting the modulation signal amplitude 

ir 
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Figure 3. Fidelity Measurement - 

Step Attenuator Method 
Figure 4. Fidelity Measurement - 

Reference Generator Method 
L 

6 

BOONTON RADIO COMPANY

For convenience,

order sideband co carrier amplitudes
fills this gap. The ratio under considera·
rion, EI/E" equals ll(m)/).(m}, be·
causeE1 = E.Jl(m) and E,. = E.J.(m)
and therefore, EdE, is a function of the

6i
modularion index (m = --). There·

i••
fore, the actual deviation can be deter·
minded since f..... is known and m can
be calculated from E1/E" which equals
Jdm)/Jo(m). If J l(m)/J,(m) is known,
m can be found in any rable of Bessel
funetions of the firsl kind. When m is
less than 0.5, a good approximation is

)dm) m

j.Cmj 2
m vs. Jdm)/).{m) is planed in Fig.
ure I. The values of JdmJ/l.Cm) or
EdE,. for some of [he more common
modulation indices, arc listed in Table 2.
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Table 2. Modulation '"dices
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.Effects of AM Distortion
For the sideband meth'od to give ac

curate results, the PM spectrum can
nOI be distorted by AM. Residual AM
on an FM spectnlm usually increases
the amplitude of one sideband and de
creases the amplitude of the other, as
shown in Figure 2. If the FM signal
is distoneJ by incidemal AM, the IF
signal obtained by beating it with a
local oscillator will also have AM dis·
tortion. This distOrtion can be mini
mized by adjusting the relative RF
levels of {he AM distorted PM signal
and local oscillator_ If the distorted
signal is made large enough to operate
the diode in its saturated region, dip
ping by the diode will reduce the AM
distortion. Reducing the AM content,
while maintaining a consrant IF ampli
rude, can be obtained by increasing the
level of the distoncd signal and de
creasing the level of the local oscillatOr.

Receiver Requirements
The receiver to be used musr be

sclenivc enough to locate the: carrier in

_WL----
fCfmod fe fe+fmod
U"dislo,ted FM Spe<t,um

AM Oi.to,'i"9 Spe<l,um

FM Spe<l,um with Ef/e.t 01 AM

Figure 2.

the presence of first-order sidebands
for modulation frequencies down to

9 kc. Beating the RF signals to an IF
carrier allows the use of a re<eiver with
average selectivity. A receiver with ad
jusmble selectivity, such as the Ham
marJund SP-600, makes it possible w
adjust the bandwidth as the modula
tion frequency varies. For example, wirh
a 20 me carrier and a 10 kc modulation
frequency, the receiver must be able to

distinguish the carrier (20 mc) from
the first-order sidebands (19.99 mc
and 20.01 mc). Ar higher modulation
frequencies, the spectrum components
have wider spacing and the re<eiver
bandwidth can be increased for easier
tuning 10 the carrier and sidebands.

1be RF amplitude of the sideband
carner is indicared on a VTVM con
nected to the second detector OutpUt
of the receiver, which should vary in
a somewhat linear manlier with the
signal. The meter docs nOt measure the
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FIgure 3. Fidelity Meosureme"t 
Step AttenuCltClf MethCld
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absolute amplitudes of the carrier and
sidebands, but it is used to set and
match equal levels at the receiver in
put; therefore, its nonlinearity is nOt
tOO important to the measurement.

Sidebgnd-to-Carrier Ratio
There are many ways to measure the

sideoond-tO-carrier ratio, tWa of which
will be discusSl-d. The first, and prob
ably the faster, shown in Figure 3, uses
step auenuawrs to determine the amount
of attenuation needed [0 {educe the
carrier amplitude down w the sideband
amplimde. This gives the ratio EJ/E.
directly in decibels.

The second method (Fih'Ure 4) uscs
a reference generator operating at the
Intermedi:l.te Frequency, matching its
OutpUt level (as indicated on the
VTVM), to the levels of the carrier
and sidebands.

Using either method, the modulation
signal applied to the FM generator
must be held at a constam amplirude
over the range of modulation frequen
cies used.

Setting Reference Deviation
The modulation signal amplitude is

set for each carrier frequency to be
tested by making a Bessel Zero cali
bration for the reference deviation be·
ing used. Using a frequency counter,
set the frequency of the modulation
source (-hp- 650A Test Oscillator).
Tune the receiver to the carrier with
no modulation, and then increase the
amplitude of the modulation signal unril
rhe desired order null occurs. The nuJl
can be detected on rhe merer or with
earphones using the receiver BFO. This
amplitude of modulation signal will be
used for the resr of the measurements
and the results wilJ be based on a
known reference deviation. The refer
ence deviation can be set to 50 kc by
setting the modulation signal amplitude

•••......."""
I .~~ I"""'.

""
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Figure 4. Fidelity Measureme"t _
Reference Generator Method
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for the second-order Bessel Zero at a 
modulation frequency of 9.058 kc. 

= 9.058 kc Af - 50 kc 
fmod = - - ___ 

m 5.520 
After a Bessel Zero calibration is 

made for 50 kc deviation, it is now 
known that at a modulation frequency 
of approximately 10 kc, “X’  volts of 
modulation signal gives 50 kc devia- 
tion. Now that the amplitude of the 
modulation signal has been set, the 
fidelity measurements can be made. We 
want to know how the deviation will 
differ from 50 kc for “X’ volts of 
modulation signal at other modulation 
frequencies. 

Using Step Attenuators 
Referring to Figure 3, the ratio 

EI/E, is determined by the amount of 
attenuation needed to reduce the car- 
rier amplitude to the amplitude of the 
first-order sideband. The step-by-step 
procedure for making this determination 
is as follows: 
1. Calculate the theoretical value of the 
modulation index ( m )  for the devia- 
tion and modulation frequency being 
used. 
2. Using Figure lB, convert m to El/E, 
and set the step attenuators to a value 
at least 3 db greater than this value. 
3. Tune the receiver to the unmodula- 
lated carrier. 
4. Apply the modulation signal and 
adjust its level to the same value ob- 
tained for the reference deviation Bes- 
sel Zero. 
5 .  Adjust the receiver RF gain to give 
a convenient upscale reading on the 
VTVM. 
6. Tune the receiver to a first-order 
sideband ( F,f i- f,,,, ) . 
7. Reduce the step attenuator settings 
to give the same VTVM indication as 
for the modulated carrier. (The  -hp- 
355C step attenuator has 1 db steps, 
however, the VTVM reading can be 
interpolated to at least one-quarter db )  . 
8. The amount of attenuation removed 
to adjust the VTVM sideband indica- 
tion to the same indication as the car- 
rier, is the actual ratio, EI/E,, in decibels. 
9. This value, minus the theoretical 
value, is the departure of the signal 
source from a perfectly flat fidelity 
characteristic. 
10. Both upper and lower sidebands 
should be checked to make sure the IF 
signal is properly limited and not dis- 
torted by AM. If the amplitudes of the 
upper and lower sidebands are within 
1 db, the average can be used to deter- 

L A  

L 

mine the ratio E1/Ec. 
Checking the fidelity at f,,,, = 500 

kc, and Af = 50 kc, might produce the 
results shown in the following example. 
Under these conditions the theoretical 
modulation index is 

From Figure 1 or Table 2, for m = 0.10, 
El/E, theoretically equals 0.05, or 

The BRC Type 202J FM fidelity 
specification is * 1 db from 5 cps to 
500 kc, therefore at fmod = 500 kc and 
Af = 50 kc, a EI/E, ratio of -25 db 
to -27 db would be within limits. 

Suppose the ratio E1/E, was -26.5 
db. Since Figure 1 shows a nearly linear 
relationship between m and EI/E, at 
low values, if El/E, is one-half db 
( 6 % )  low, m would also be 6 %  low. 
Then, the actual modulation index 
would be 0.094 compared to the theo- 
retical value of 0.1. This means that 
“X” volts of modulation, which gave 
50 kc deviation at approximately 10 
kc, would not give 50 kc deviation at 
fmod = 500 kc, but would actually give 
6% less deviation or 
nf = f,,, = .094 x 500 kc = 47 kc. 

Using a Reference Signal 
The reference generator method uses 

the same IF and procedure for deter- 
mining modulation signal amplitude. 
In this set-up, Figure 4, the calibrated 
output of the reference generator is 
matched to the carrier and sideband 
amplitudes. The step-by-step procedure 
follows. 

1 .  Calculate the theoretical value of m 
for the deviation and modulation fre- 
quency being used. 
2. Convert m to El/E,. 
3. Tune the receiver to the unmodu- 
lated IF carrier of the beating RF 
signals. 
4. Apply the modulation frequency 
signal and adjust its amplitude to the 
level obtained for the reference devia- 
tion by the Bessel Zero calibration. 
5. Adjust the receiver RF gain to give 
a convenient upscale reading on the 
VTVM. 
6. Switch the receiver to the Reference 
Generator (tuned to the carrier fre- 
quency) and adjust the attenuator for 
the same vtvm reading as in step 5 .  
Note the attenuator setting. 
7. Switch back to the Beating Gener- 
ators and tune the receiver to the first 
upper (or lower) sideband. 
8. Adjust the receiver RF gain and/or 

-26 db. 

the VTVM range to get an upscale 
indication. 
9. Switch to the Reference Generator 
and tune it to the Sideband Frequency 
( F,f* fmod) .  Adjust the Reference Gen- 
erator attenuator for the same VTVM 
reading as for the sideband. (Note At- 
tenuator Setting. ) 
10. The ratio of the Reference Gen- 
erator attenuator settings (sideband 
amplitude divided by carrier amplitude) 
equals El/E,. The difference in atten- 
uator settings (on the decibel scale) 
also equals EI/E, in decibels. 
11.  Both upper and lower sidebands 
should be checked to make sure the IF 
signal is properly limited and not dis- 
torted by AM. If the amplitudes of the 
upper and lower sidebands are within 
1 db, the average can be used to deter- 
mine the ratio El/E,. 

As an example, for fmod = 200 kc 
and Af = 50 kc; m = 0.25. Referring 
to the graphs in Figure 1 or to Table 
2 ,  m = 0.25 results in a sideband-to- 
carrier ratio (El/E,) of 0.125 or -18 
db. Therefore, if the modulated carrier 
amplitude equals 2 K p v  (Step 6 ) ,  the 
first-order sideband should equal 2K 
pv X 0.125 = 250 pv (Step 9 ) .  

A fidelity specification of * 1 db 
at fmod = 200 kc means the sideband 
will be within -f 12% of its ideal 
values, or 220 to 280 pv, with m = .25 
and 2 I( pv carrier. Again, using the 
linear approximation of Figure 1, sup- 
pose the ratio of EI/E, measured 0.120; 
4 %  below the desired value of 0.125 
at f,,, = 200 kc. In this case, m would 
also be 4% low, but for “X’ volts of 
modulation signal at f,,, = 20C kc, 
the deviation would be 48 kc, or 4% 
less than the 50 kc deviation observed 
for “X’ volts of modulation signal at 
f,,, = 10 kc 

CONCLUSION 
The numerical examples used in this 

article are based on measurements 
made on the BRC 202J Telemetering 
Signal Generator. However, the concept 
of the sideband amplitude method of 
measuring FM fidelity is applicable 
to any frequency-modulated signal or 
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the VTYM range to gel an upscale
indication.
9. Switch ro the Reference Generaror
and rune it to the Sideband Frequency
(F,,±f.... ). Adjust the Reference Gen
erator anenuarar for the same VTVM
reading as for the sideband. (Nare At·
tenuator Srtting.)
10. The ratio of the Reference Gen·
erator attenuator settings (sideband
amplitude divided by carrier amplitude)
equals EI/L. The difference in arren
uator settings (on the decibel scale)
also equals EI/E.. in decibels.
II. Both upper and lower sidebands
should be checked to make Sllre the IF
signal is properly limited and nOt dis
torted by AM. I f the amplitudes of the
upper and lowet sidebands are within
I db, the average can be used to deter
mine the ratio E,/E.-.

As an example, for f_ = 200 kc
and C:lf = SO kc; m = 0.2S. Referring
to rhe graphs in Figure I or to Table
2, m = O.2S results in a sideband-to
carrier rario (E11E.) of 0.12S or -18
db. Therefore, if the modulated carrier
amplitude equals 2 K!'-v (Step 6), the
firsr-order sideband should equa12K
!'-v X 0.125 = 2S0 !'-v (Step 9).

A fidelity specification of ± I db
at f..... = 200 kc means the sideband
will be within ± 12% of irs ideal
values, or 220 to 280 !,-v, with m = .2S
and 2 K!'-v carrier. Again, using the
linear approximation of Figure I, sup'
pose the ratio of EIIE. measured 0.120;
4% below the desired value of 0.125
at f.... = 200 kc. In this case, m would
also be 4% low, but for "X" voJrs of
modulation signal at f.... = 20G kc,
the deviation would be 48 kc, or 4%
less than the SO kc deviation observed
for "X" volts of modulation signal ar
f..... = 10 kc

CONCLUSION
The numerical examples used in this

article are based on measurements
made on the BRC 202) Tclemetering
Signal Generator. However, the concept
of the sideband amplitude method of
measuring FM fidelity is applicable
to any frequency.modulated signal Ot
source.

mine the ratio EdE..
Checking the fideliTy at f.... = 500

kc, and .6f = SO kc, might produce the
resulls shown in the following example.
Under these conditions the theoretical
modulation index is

.6f SO kc
m = -- = = 0.10

E.... SOD kc
From Figure I or Table 2, for m = 0.10,
EI/E. theoretically equals O.OS, or
~26 db.

The BRC Type 202) FM fidelity
specification is ± 1 db from S cps to
sao kc, therefore at f.... = SOO kc and
.6f = SO kc, a EI/E. ratio of -2S db
to -27 db would be within limits.

Suppose the ratio EIIE,. was -26.';
db. Since Figure I shows a nearly linear
relationship between m and EdE. at
low values, if E';E. is one·half db
(6%) low, m would also be 6% low.
Then, the actual modulation index
would be 0.094 compared to the theo
retical value of 0.1. This means that
"x"' volts of modulation, which gave
SO kc deviation at approximately 10
kc, would nOt give SO kc deviation aT
f.... = 500 kc. but would acrually give
6% less deviation or
C:lf = f_ = .094 x SOO kc = 47 kc.

Using a Reference Signal
The reference generator method uses

the same IF and procedure for deter
mining modulation signal amplitude.
In This set-up, Figure 4. the calibrated
OUTput of the reference generator is
matched ro the carrier and sideband
amplitudes. The step-by-step procedure
follows.

1. Calculate the theoretical value of m
for Ihe deviation and modulation fre
quency being used.
2. Conven m ro EIIE,..
l Tune The receiver to the unmodu
Iated IF carrier of the beating RF
signals.
4. Apply the modulation frequency
signal and adjust its amplitude to the
level obtained for the reference devia
tion by the Bessel Zero calibration.
S. Adjust the receiver RF gain to give
a convenient upscale reading on the
VTVM.
6. Switch the receiver to the Reference
Generator (runed TO the carrier fre
quency) and adjust the attenUatar for
the same vtvm reading as in step S.
NOte the attenuatar setting.
7. Switch back to the Beating Gener
arors and rune the receivet to the first
upper (or lower) sideband.
8. Adjust the receiver RF gain andlor

for the second-order Bessel Zero at a
modulation frequency of 9.0S8 kc.

M SO kc
f..... ::::; -- ~-- = 9.0S8 kc

m S.S20
After a Bessel Zero calibration is

made for SO kc deviation, it is now
known thar aT a modulation frequency
of approximately to kc, "X" volts of
modulation signal gives SO kc devia
tion. Now that the amplitude of the
modulation signal has been set, the
fidelity measurements can be made. We
want to know how the deviarion will
differ from SO kc for "X" voltS of
modularion signal at ocher modulation
frequencies.

U5ing Step Attenuators
Referring to Figure 3, the ratio

EdE. is determined by Ihe amount of
attenuation needed to reduce the car
rier amplitude to the amplitude of rhe
fim-order sideband. The step-by-step
procedure for making this determination
is as follows:
I. Calculate the theoreTical value of the
modulation index (m) for Ihe devia
tion and modulation frequency being
used.
2. Using Figure IB, wnven m 10 EtJE.
and set the step anenuators to a value
:u !eaSt} db greater than this value.
l Tune the receiver to the unmodula
lated carrier.
4. Apply the modulation signal and
adjust its level to the same value ob
tained for the reference deviation Bes
sel Zero.
S. Adjust the receiver RF gain to give
a convenient upscale reading on the
VTVM.
6. Tunc the receiver m a first.-order
sideband (F,,± f.... ).
7. Reduce The step attenuaror settings
to give the saTlle VTVM indication as
fur th!.' modulared carrier. (The .hp
3SSC step artenuatot has I db steps.
howev!.'r, [he VTVM reading can be
interpolated to at least one-quaner db).
R The amount of auenuatinn rcmo\'ed
to adjust the VTVM sideband indica·
tion to the same indication as the car
rier, is the acmal ratio. EtJE., in decibels.
9. This value, minus the theoretical
value, is the departure of the signal
source from a perfectly flat fidelity
characteristic.
10. Both upper :lnd lower sidebands
should be checked to make sllre the IF
signal is properly limited and not dis
tOnd by AM. If the amplirudes of the
"pper and lower sidebands an: within
I db, the average can be used to deter-
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measured Q. A list of the persons who 
submitted 
below. 

? I  5 R. Haindel EDITORS NOTE 
Q Contest Winner 

- - -  
New York University 

A photograph of the display coil is 
shown here for those Notebook readers 
who did not see it at the show. The 
unusual configuration, consisting of two 
conical-wound coils wound inside a 
helical-wound coil, was devised by 
“Chuck’ Quinn, BRC Sales Engineer. 

these estimates is given 

Sabmitted By 
T. D. MacCoun 
Budelman Electronics Corp. 
J. H. Humphries 
Western Electric CO. 
“Nick’ 
Tarry Electronics 
D. Bickor 
Sperry Gyroscope Co. 
R. Lafferty 
Boonton Electronics Corp. 
R. Dormagen 
E. Stanwyck Coil Co. 
F. Kilkenny 
RCA Institute 
H. P. Hall 
General Radio Co. 
F. J. Logan 
NASA, Goddard Space 
Flight Center 

L 
The Q of the -coil displayed in the 

BRC booth at the 1963 IEEE show was 
313, as measured on the BRC Type 
260-A Q Meter. Two estimates of 313 
were actually submitted: one by Mr. 
Seymour Krevsky of RCA Surfcom 
Laboratory, and the other by Mr. E. A. 
Zizzo of the Polytechnic Institute of 
Brooklyn. In accordance with our con- 
test rules, a drawing was made and we 
are pleased to announce that the winner 
is Seymour Krevsky. It is also interest- 
ing to note that Mr. Krevsky was a near 
winner in 1957 and again in 1959, when 
his estimates were just a shade off the 
actual value. 

Nearly 1000 estimates were sub- 
mitted, ranging from zero to infinity. 
In addition to the 313 estimates, there 
were ten estimates within 1 %  of the 

Estimate 
310 

311.5 

312 

312 

312 

314 

314.16 

3 14.2 

315 
Q Contest Coil 

SALT LAKE CITY, Utah *ALBUQUERQUE, New Mexico 
NEELY ENTERPRISES 
6501 Lomas Blvd., N.E. 
Tel: (505) 255-5586 
TWX: 505-243-8314 

ENGLEWOOD, New Jersey *MONTREAL, P.Q., Canada 
H EW LETT-PACKAR D (CANADA) LTD. 
8270 Mayrand St. 
Tel: (514) 735-2273 

LAHANA & COMPANY 
1482 Major St. 
Tel: (801) 486-8166 
TWX: 801-521-2604 

RMC SALES DIVISION 
Hewlett-Packard Company 
391 Grand Ave. 
Tel: (201) 567-3933 *NEW YORK, New York 

RMC SALES DIVISION 
Hewlett-Packard Company 
236 East 75th St. 
Tel: (212) 879-2023 
TWX: 212-867-7136 
ORLANDO, Florida 
BCS ASSOCIATES, INC. 
601 N. Fern Creek Ave. 
Tel: (305) 241-1091 
TWX: 305-275-0422 
OTTAWA, Ontario, Canada 
HEWLETT-PACKARD (CANADA) LTD. 
1762 Carl ing Ave. 
Tel: (613) 722-8162 

ROBINSON SALES DIVISION 
Hewlett-Packard Company 
144 Elizabeth St. 
w. Conshohocken, Penna. 
Tel: (215) 248-1600 

*PHILADELPHIA, Pennsylvania 

TWX: 215-828-3847 

ASBURY PARK, New Jersey 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
1317 Railroad Ave. 
Tel: (201) 531-3150 
TWX: 201-531-1331 

*ATLANTA 5, Georgia 
BlVlNS & CALDWELL, INC. 
3110 Maple Drive, N.E. 
Tel: (404) 233-1141 
TWX: 404-231-4720 
BALT I M 0 RE, Maryland 
HORMAN ASSOC!ATES, INC. 
3006 W. Cold Spr ing Lane 
Tel: (301) 664-4400 

HARRISBURG, Pennsylvania 
ROBINSON SALES DIVISION 
Hewlett-Packa rd  Company 
Park Place Off ice Bldg. 
Camp Hi l l ,  Penna. 
Tel: (717) 737-6791 

YEWELL ASSOCIATES, INC. 
589 Saybrook Road 
Middletown, Conn. 
Tel: (203) 346-6611 

*HARTFORD, Connecticut 

TWX: 203-346-7433 
*HIGH POINT, North Carolina 

*SAN DIEGO, California 
NEELY ENTERPRISES 
1055 Shafter St. 
Tel: (714) 223-8103 
TWX: 714-276-4263 

+SAN FRANCISCO, California 
NEELY ENTERPRISES 
501 Laurel St. 
San Carlos, Cal. 
Tel: (415) 591-7661 
TWX: 415-594-8857 

*SEATTLE, Washington 
ARVA, INC. 
1320 Prospect St. 
Tel: (206) 622-0177 
TWX: 206-998-0733 

BlVlNS & CALDWELL, INC. 
1923 North Main  St. 
Tel: (919) 882-6873 
TWX: 919-883-4912 

*BOSTON, Massachusetts 
YEWELL ASSOCIATES, INC. 
Middlesex Turnpike 
Bur l ington, Mass. 
Tel: (617) 272-9000 
TWX: 617-272-1426 

*ST. PAUL. Minnesota 
*HOUSTON, Texas 

EARL LIPSCOMB ASSOCIATES 
3825 Richmond Ave. 
Tel: (713) 667-2407 
TWX: 713-571-1353 
HUNTSVILLE, Alabama 

CROSSLEY ASSOCIATES, INC. 
842 Raymond Ave. 
Tel: (612) 646-7881 
TWX: 612-551-0055 *PHOENIX. Arizona *CHICAGO, I l l inois 

CROSSLEY ASSOCIATES, INC. 
2501 W. Peterson Ave. 
Tel: (312) 275%00 
TWX: 312-222-0311 

*CLEVELAND, Ohio 
S. STERLING COMPANY 
5827 Mayf ie ld Road 
Tel: (216) 442-8080 

EARL LiPSCOMB ASSOCIATES 
3605 lnwood Road 
Tel: (214) 357-1881 

*DALLAS Texas 

TWX: 214-899-8541 

NEELY ENTERPRISES 
771 S. Scottsdale Rd. 
Scottsdale, Ariz. 
Tel: (602) 945-7601 
TWX: 602-949-0111 

*ST. LOUIS, Missouri 
HARRIS-HANSON CO. 
2814‘s. Brentwood Blvd. 
Tel: (314) 647-4350 
TWX: 314-962-3933 

BlVlNS & CALDWELL, INC. 
Tel: 205) 881-4591 
TWX: 205-881-1833 *PITTSBURGH. Pennsylvania 

s. STERLING’COMPANY 
4232 Brownsvi l le Rd. 
Tel: (412) 884-5515 

*INDIANAPOLIS, Indiana SYRACUSE, New York 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
Pickard Bldg., E. Malloy Rd. 
Tel: (315) 454-2486 
TORONTO, Ontario, Canada 
H EW LETT-PACKAR D (CANADA) LTD. 
1415 Lawrence Ave. W. 
Tel: (416) 249-9196 

TUCSON, Arizona 

CROSSLEY ASSOCIATES, INC. 
3919 Meadows Drive 
Tel: (317) 546-4891 
TWX: 317-635-4300 

PORTLAND, Oregon 
ARVA. INC. 
2035 S.W. 58th Ave. 
Tel: (503) 222-7337 KANSAS CITY, Missour i  

HARRIS-HANSON CO. 
7916 Paseo Blvd. 
Tel: (816) 444-9494 
TWX: 816-556-2423 
LAS CRUCES, New Mexico 
NEELY ENTERPRISES 
114 South Water St. 
Tel: (505) 526-2486 
TWX: 505-524-2671 

*DAYTON, Ohio 
CROSSLEY ASSOCIATE 
2801 Far H i l l s  Ave. 
Tel: (513) 299-7002 
TWX: 513-944-0090 

*DENVER, Colorado 
LAHANA & COMPANY 
1886 South Broadway 
Tel: (303) 733-3791 
TWX: 303-292-3056 

RICHMOND, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point  Ave. 
Tel: (703) 355-7931 
TWX: 703-359-5650 
ROCHESTER, New York 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
800 Linden Ave. 
Tel: (716) 381-4120 

NEELY ENTERPRISES 
1317 15th St. 
Tel: (916) 442-8901 
TWX: 916-444-8683 

*SACRAMENTO, California 

3, I NC 

NEELY ENTERPRISES 
232 S. Tucson Blvd. 
Tel: (602) 623-2564 
TWX: 602-792-2759 

*WASHINGTON, D.C. *LOS ANGELES, California 
NEELY ENTERPRISES 
3939 Lankershim Blvd. 
North Hollywood, Cal. 
Tel  (213) 877-1282 
TWX: 213-769-4660 

*DETROIT, Michigan 
S. STERLING COMPANY 
21250 10-1/2 M i le  Road 
Southfield, Michigan 
Tel: (313) 442-5656 
TWX: 313-357-4615 

HORMAN ASSOCIATES, INC. 
941 Roll ins Ave. 
Rockville, Maryland 
Tel: (301) 427-7560 
TWX: 301-427-4651 

*Indicates Instrument Repair Stations 
+For instrument repair contact: Customer Service, Hewlett-Packard Company, 395 Page M i l l  Rd., Palo Alto, California, Tel: (415) 326-1755 

BOONTON RADIO COMPANY 
Printed in U.S.A. 
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Q Codllf Coil

315 R. Haindel
New York. University

A photOgraph of the display coil is
shown here for those Notebook reader5
who did not set" it at thc show. Thc
unusual configuration, consisting of tWO
conical·wound coils wound inside a
helical·wound coil, was devised by
"Chuck" Quinn, BRC Sales Engineer.

Submiued By
T. D. MacCoun
Budelman Electronics Corp.
J. H. Humphries
Westero Elecrric Co.

ick"
Tarry Electronics
D. Bickor
Sperry Gyroscope Co.
R. Lafferty
Boonron E1ccrronics Corp.
R. Dormagen
E. 5tanwyck Coil Co.
F. Kilkenny
RCA InstitUTe
H. P. Hall
General Radio Co.
F. J. logan
NASA. Goddard Space

.mR·ep/l'.ed.e/da.~;Jd.

314.2

315

311.5

312

314

314.16

312

112

measured Q. A liSt of the persons who
submitted these estimates is given
helow.
l!.Jtimate

310

EDITOR'S NOTE
Q Contest Winner

The Q of the' 'coil displayC'd in the'
BRC booth at the 1963 IEEE show was
313, as measured on the BRC Type
260·A Q Meter. Two estimates of 313
were aaually submitted: one by Mr.
Seymour Ktevsky of RCA Surfcom
LabonHory, and the other by Mr. E A.
Zizzo of the' Polytechnic Inscirute' of
Brooklyn. In accordance with our ron·
!CSt rules, a drawing wu made and we
afe' plcoased [0 announce' that thc winncr
is Seymour Krcvsky. It is also interest
ing to note that Mr. Krevsky was a near
winner in 1957 and again in 1959, when
his estimates were just a shade off the
aCtual value.

Nearly 1000 estimates werc sub
mitced, ranging from zcro ro infinity.
In addition to thc 313 estimates, therc
were ten estimates wirhin 1% of the

"AL8UQUUQUE. New Millie.
NEELY ENTERPRISES
6S01 Lorn•• Blvd.. N.E.
Tel: (SOS) 25S-5!iol16
TWX: SOS-243-&J14
ASBURY PARK, New Jersey
ROBINSON SALES DIVISION
Hewle\l·p,ekerd Comp.ny
1311 R,lIfl>11d Ave.
Tel: (2011 531·3ISO
TWX: 20 ·531·1331

"ATLANTA S. Geort"ia
BIVINS & CALDWELL, INC.
3110 /II,ple Drive. N.E.
Tol, ("00'1 233-1101
TWX: '*Ool-231 ....12O
BALTIMORE. M.. ryI&nd
HORMAN ASSOCIATES. INC.
JOO6 W. Cold Sllrinl Lano
Tol, (301l~

'BOSTON, M....chuntts
YEWELL ASSOCIATES. INC.
Middlesox Turnpike
BurllnRton. M,n.
Tel: (617j 272·9000
TWX, 61 -272·1426

'CHICAGO, lilinoi.
CROSSLEY ASSOC!ATES. INC.
2S01 W. Peter;;on Ave.
Tel: (312) 27S-,600
TWX, 312·22N1311

'CLEVELAND. Ohio
S. STERLING COMPANY
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Precision Peak Power Measurements With The 
Peak Power Calibrator 

G. RAYMOND POLEN, Development Engineer 

INTRODUCTION 
The need for accurate measurements 

of peak RF power of pulsed sources, 
while having existed for over a score of 
years, has prompted surprisingly little in 
the way of simple reliable commercial 
equipment for performing the task. TO- 
day with the increasing number of 
electronic systems such as radar, air 
navigqion, telemetry, communications, 
command and control, television, radio- 
sonde, and many others depending on 
pulsed RF signals, the need is greater 
than ever. Yet, in many instances, the 
systems engineer must devise his own 
method of peak power measurement. 
While some of. these systems are fairly 
accurate, they are generally time con- 
suming and expensive and often com- 
pletely unsuitable for high volume or 
production line measurements. The 
time factor is an important one, not 
only from the viewpoint of time effi- 
ciency, but from the viewpoint of ac- 
curacy, for it is axiomatic in this type 
of measurement that time and err01 are 
quite directly related. Other criticisms 
of current methods have been that they 
exhibit a high degree of temperature 
sensitivity and a rather unwieldy pro- 
cedure for recalibration. 
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Low Level Measurements Using The 

f igure I .  Type 8900A Peak Power Calibrator 

The techniques of C W  power meas- 
urement have been quite steadily 
advanced over the years and to take 
advantage of this, peak power measure- 
ments are often a correlation process 
in which the performance of a device 
under the application of pulsed RF 
power is calibrated to a characteristic 
it exhibits upon application of a known 
CW power level. 

DEFINITION OF PEAK POWER 
Occasionally there is some confusion 

in formulation of a concept of what 
peak power actually is. A relationship 
accepted by groups working in the 
field is: 

Pave = Ppeak X Duty Cycle. 

Duty cycle is the fractional time a 
pulsed source is turned on. If the source 
were turned on 100% of the time, the 
duty cycle would be 1 and peak power 
and average power would be equal. 
Peak power, then, could be explained 
as the average power that would exist 
if the pulsed source were left on all the 
time. It is not the instantaneous peak 
power or envelope peak power that 
exists at the peak of the RF voltage 
waveform. Assuming a sinusoidal CW 
source with an average power of 1 
watt, the peak power rating of the 
source is 1 watt also. If the source is 
turned off 50% of the time, the average 
power will be "2 watt, whereas the peak 
power rating remains 1 watt. 
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Duty cycle is the fracriolUl time a
pulsed source is turned on. If the source
wete rorne<{ on 100% of the time. the
duty cycle would be I and peak power
and average power would be equal
Peak power, then, could be explaioa!
as the average power that would exist
if the pulsed source were Idt on all the
rime. It is nOl the instantaneous peak
power or envelope peak power that
exists ;It the peak of the RF voltage
waveform. Assuming a sinusoidal CW
source with an average power of I
watt, the peak power rating of the
source is 1 wart also. If the source is
Nrned off ~O% of the time, the average
power will be Y2 wan, whereas the peak
power rating remains 1 watt.
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INTRODUCTION
The need for accurate measurement!

of peak R.f power of pulsed sources,
while having existed for over a score of
years, has prompted surprisingly little in
the way of simple reliable commercial
equipment for performing the cask. To
day with the increasing number of
e1ecuonic systems such as radar, air
rLlv(ga"tion, telemerry, communications,
command and contto~ television. radio
sol'l<k. and many OI:hcrs depending on
pulsed RF signals, rhe need is greater
chan ever. Yet, in many instances, the
systems engineer must devise his own
mechod of peak power measurement.
While some of th~ systems are fairly
accurate, they are generally time con·
Sliming and expensive and often com
pletely unsuirabJe for high volume or
production line measurements. The
rime factor is an impornnt one, nor
only from th!": viewpoint of rime dfi
ciency, hut from the viewpoint of ac·
curacy, for it is axiomatic in this type
of ffil'aSUtement tint time and e[tQt 2fe
quite dircctly related. Other criticisms
of curr!":nl mt:thods hav!": bt:t:n that thq'
exhibit a high degree of tffilperature
sensitivity and a rather unwieldy pro
cedure for rcc:alibration.
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METHODS FOR MEASURING 
PEAK POWER 

Rearranging factors in the original 
equation: 

Pa,, 

Duty Cycle 
Ppeak = 

From this equation, it is apparent that 
one method of pursuing the problem of 
peak power measurement is to measure 
average power and duty cycle and corre- 
late the two. While average power can 
be measured with a fair degree of con- 
fidence, duty cycle can become an 
elusive parameter. Measurement of duty 
cycle requires that a decision be made 
as to when a source is “on” and when it 
is “off”. In  some systems employing 
complex waveshapes, this can be an 
arbitrary decision if left up to electronic 
circuitry. In our air navigation distance 
measuring systems (DME),  for ex- 
ample, employing a gaussian shaped 
pulse, when should it be decided that 
the pulse if “off”? In a television sys- 
tem, where intelligence is being trans- 
mitted by both time and amplitude 
modulation of the pulsed source, there 
is a similar or even more demanding 
problem. A versatile peak power meas- 
uring system must not leave the deter- 
mination of duty cycle up to the un- 
imaginative mind of electronic circuitry, 
because the possible errors due to vari- 
ations in pulse width, rate, or shape are 
too great. 

Consider, then, another means of 
determining the peak power of a pulsed 
RF source. For a sinusoidal C W  source 
it is generally agreed that: 

As mentioned before, the average power 
and peak power of a source are equal 
if the duty cycle is 1. Thg voltage 
waveforms, then, must be identical for 
the duration of time the source is turned 
on, assuming a system of constant 
characteristic impedance or R,. The peak 
voltage of the C W  mode will be the 
same as the peak voltage when the 
source is pulsed, even though this is 
not the parameter to be measured. It is, 
however, a means of correlation between 
the two. Employing a device known as 
the peak detector, we have an element 
which will respond identically for a 
duration of time to both a CW and a 
pulsed source of the same power rating. 
While elements such as a bolometer 
may respond quite differently to the 
two, depending on the heating effect, 
the peak detector does not. This is 
the principle of the Boonton Radio 
Company Type 8900A Peak Power 
Calibrator. 

and to bring it away from the square- 
law region to produce a somewhat more 
linear change in output voltage for a 
change in the appied RF level. As the 
diagram indicates, a variable dc supply 
is included also. The output of the 
supply is connected to a dc meter, which 
monitors its voltage, and to one leg of 
a mechanical chopper. If the chopper is 
set in operation and its selecting arm is 
connected to an oscilloscope, one can 
look, first at the dc level produced by 
the peak detector in response to an RF 
voltage, and then at the dc level from 
the variable supply. In operation, the 
supply is adjusted until the two voltages 
are exactly equal. The dc meter monitor- 
ing the output of the variable supply 
has been calibrated in terms of RF level 
required to produce a given dc from 
thc peak detector and hence peak RF 
power can be read from it directly, 
C W  power, of course, is correctly indi- 
cated also, since the calibration is in 
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Figure 2. Block Diagram - Type 8900A 

TYPE 8900A PEAK POWER 
CALIBRATOR 

Figure 2 is a block diagram illustra- 
ting the basic operation of the 8900A. 
It can be seen that a signal applied to 
the front panel input connector is sent 
through two paths by virtue of the 
power divider. In one path, the signal 
passes through a 10 db attenuator and 
is absorbed in a 50-ohm termination. 
In the other path, the signal arrives at 
a diode peak detector which develops 
a dc level equal to the peak voltage of 
the RF waveform applied to it. The 
diode is forward biased to bring it to 
an operating point of maximum stability 

L 

terms of the peak voltage waveform. 

The peak detector has a very im- 
portant job, and if it does not do this 
job well, errors will be introduced. The 
output capacitor must be charged to 
the true peak of the waveform within 
the duration of the pulse, though not 
necessarily on the first cycle of the RF 
carrier. It may charge up in staircase 
fashion over a period of several cycles, 
but must reach the peak before a 
measurement is made. The 8900A 
specification states that 0.25 ps should 
be allowed for this, although 0.10 ps is 
typical with normal cable lengths and 
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lerms of the peak voltage waveform.

The peak detC'Ctor has a very im·
pona.nt job, and if it does not do this
job well, errors will be introduced. The:
ourput capacitor must be charged to
the true peak of the waveform within
the- duration of the pulse, rhough nor
necessarily on th~ first cyck of the RF
carrier. It may charge up in st2ircase
fashion over a period of several cycles,
bur must reach the peak before a
measurement is made. The 8900A
specification states that 0.25 1-'5 should
be allowC'd for this, although 0.10 1-'5 is
typical with normal cable: lengths and

and to bring il away from [he square
law region 10 produce a somewhat mor~
linear change in ompul volt2ge for a
change in the: appied RF level. As the
diagram indicates, a variable dc supply
is included also. The OUtput of Ihe
supply is connected wa dc meteor, which
monitors its voltage, and to one leg of
a 111l'Chanical chopper. If the chopper is
set in operarion and its selecting arm is
connected to an oscilloscope, one- can
look, firSt at th~ dc level producC'd by
the peak detector in response w an RF
yolt2gc. and then at the dc level from
the variable supply, In opet2rion, the
supply is adjusled until the twO Yolt2ges
are exacdy equal. The dc meteor monitor
ing the OUtput 01 the variable supply
has been calibrared in te-rms of RF level
rcoquired to produce a given dc from
the peak: detector Ind hence peak RF
power can be read from it directly.
CW powe-r, of course, is correctly indi
cated also. since the calibration is in
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Figure 2 is a block diagram iUustra
ting the basic operation of Ihe 89OOA.
It can be sec.n that II signal applied to
the from panel inpul connector is sem
through two paths by yirrue of lhe
po90'er divider, In one padl, the signal
passes through I IQ db arrenuator and
is absorbed in a 50-ohm termination.
In the- other path, the signal arrives at
a diode peak detector which develops
a dc level equal to the peak volrage of
rht' RF wal/dorm applied to it. The
diode is fotward biased to bring it to
an operating poine of maximum stability
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As mentioned before, the a\'erage pow~r

and peak power of a source are equal
if the duty cycle is I. ~ voltage
waveforms, then, must be identical for
the duration of tim~ the source is turned
on, assuming a system of constant
characteristic impedance or It.. Th~ peak
I/oltage of the CW mode will be th~

same as the pe-ak voltage when the
source is pulsed, even though this is
not the- patamet~t to be mC':lSured. It is,
however, a means of correlation between
the- cwo. Employing a device known as
the peak delector, we have an element
which 9o'ill respond identically for a
duration of time to both a CW and a
pulsed source of the same power rating.
While elements such as a boJomete-r
may respond quite differently to the
two. depending on the heating effect,
the peak detector does DOt. This is
the principle of the BoontOn Radio
Company Type 8900A Peak Powe-r
Calibrator.
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From this equation, it is apparent that
one melhod of pursuing the problem of
peak power measurement is to measure
avera/::e power nnd duty cycle and corre·
late the two. While average power can
be measured with a fair degree of con
fidence, duty cycle can become an
dusi\'e parameter. t>feasurement of duty
cycle requires that a decision be made
as to when a source is "on" and when it
is "off'. In some systems employing
complex waveshapes, this can be an
arbitrary decision if left up to electronic
circuitry. In our air navigation dist2nce
measuring systems (DME), for ex·
ample, employing a gaussian shaped
pulse, when should it be decided that
the pulse if "off'? In a lelevision 5)'5

tern, where intelligence is being trans·
mitted by both time llnd amplirude
modulation of the pulsed source, there
is a similar or even more demanding
problem, A versatile peak power meas
uring sysrem musr not leave the de-ter·
mination of duty cycle up to the un
imaginative- mind of electronic circuitry,
becau~ the- possible ~rrors du~ to vari
ations in pulse widlh, rate, or shape are
100 great.

Consider, th~n, anorher means of
d~termining the peak power of a pulsed
RF source. For a sinusoidal CW sourc~

it is g~neral1y agreed thar;
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METHODS FOR MEASURING
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Rearranging faerors in the original
equation:
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T H E  N O T E B O O K  

oscilloscopes connected to the video 
output. Since no isolating amplifier is 
employed, extremely high external 
capacitance could increase the time re- 
quired for the video output to rise to 
the true peak of the voltage waveform. 
The impedance of the output circuit is 
approximately 150 ohms. The peak 
detector also has a responsibility to 
remain faithful at low RF carrier fre- 
quencies. It must not start to discharge 
while it is waiting for the crest of the 
next cycle of the RF voltage waveform 
to appear. If it falls by even a few per 
cent, the dc output level, within the 
duration of the pulse, would be lower 
than the true RF voltage peak and an 
error would be introduced. The 8900A 
was designed to meet its accuracy 
specification at carrier frequencies down 
to 50 mc and has been found capable 
of doing this. The preliminary catalog 
lower limit of specification was placed 
at 150 mc as a gesture of conservatism. 
In a like manner, the preliminary spec- 
ification of upper frequency limit is 
1500 mc, although all units tested have 
been found to be within the accuracy 
limit up to 2.0 Gc. 

Figure 1 is a photograph of the front 
panel of the 8900A. The 5% inch meter 
actually occupies almost two-thirds of 
the front panel and was included to 
enable the user to take full advantage 
of the accuracy and stability of the 
instrument with readout easily to 0.1 db. 
Meter tracking accuracy and repeatibil- 
ity are of necessity a tightly controlled 
characteristic of the unit. A front panel 
“NULL’ control is included to permit 
the user to “erase” the static dc bias on 
the diode from the video presentation. 
While this control need not be reset for 
a repetitive series of measurements, it 
gives the operator a range of adjust- 
ment to compensate for any possible 
long term aging effects on the diode. 
This adjustment is made with the 
function switch in the T A L ’  position. 
In this position, also, a voltage divider 
from the reference power suppy applies 
a preset voltage to the dc meter to 
deflect the needle to a calibration mark. 
This was included to give the operator 
confidence that the dc meter and power 
supply are operating properly should 
he question it at any time during a 
measurement. It should be noted, how- 
ever, that unlike some measuring sys- 
terns, the reference supply is not really 
a critical parameter in the measurement 

- 
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because it is being used only for com- 
parison rather than as an absolute ref- 
erence for the measurement. The meter 
calibration is the absolute reference. 

tory equipment. The high quality for- 
ward-biased diode is an order of magni- 
tude more stable environmentally than 
the uncompensated bolometer or calori- 
meter. Operator skill level, also, has 

Now consider the signal path which been reduced to absolute minimum. The 
attenuates the incident power and dis- objective then is to “capture” the estab- 
sipates the remainder in a 50-ohm load. lished accuracy of known standards and 
This is provided as a convenient means to faithfully repeat this knowledge 
of calibratins or standardizing the in- under a much more demanding set of 
strument. If the %-ohm load is replaced conditions. 
by an accurate C W  power measuring While the specified accuracy of the 
device such as a bolometer or calori- BRC 8900A Peak Power Calibrator is 
meter, and a C W  source is connected kO.6 db, when frequency correction is 
to the input connector, the effect of the applied, it should be explained that 
applied power level can be monitored utilization to a higher degree of 
on the average reading C W  standard accuracy, by virtue of its inherent 
and the peak reading diode detector stability, 1s both practical and recom- 
simultaneously. Therefore, one need only mended. The * 0.6 db figure is based 
to know accurately the attenuation be- on absolute worst case error without 
tween the front panel input connector benefit of some error theories which 
and the C W  standard to determine what propose a probable error as the RMS 
effect a known power level at the input value of the worst case. The worst case 
has upon the peak RF detector. The error is also based on a minimum of 
10 db pad was introduced merely to standards equipment to perform a cali- 
reduce the CW level to one within the bration. With high quality standards 
range of several commercially avaiable laboratory type equipment for calibra- 
standards. The -hp- 431 Power Meter, tion, operation to about a t 0 . 3  db 
with the 478A Bolometer or the -hp- worst case error is considered practical. 
434 Calorimeter, are quite satisfactory Major potential sources of error are in 
for this application. The C W  source the measurement of the attenuation 
requirements also are met by readily path from the input connector to the 
available units. C W  standard output connector and 

error of the CW standard itself. Other 
worst case errors included in the 8900A 
analysis are: 
1. Input VSWR reflection error. 
2. Meter tracking and repeatibility 

A basic objective of the 8900A is to 
provide a peak power measurement in- 
strument of sufficient accuracy to serve 
as a working standard, without the usual 
rigorous limitations of standards labora- error. 

PEAK POWER CALIBRATOR 
Type No 8900A Serial No 12 Date- 
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Figdie 3.  Typical Frequency Correction Curve - Type 8900A 
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tory equipment. The high Cjuality for
ward-biased diode is an order of magni
tude more stable environmentally than
the uncompensared bolometer or calori
meter. Operator skill level, also, has
bttn reduced to absolute minimum. The
objective then is to "capture" the estab
lished accuracy of known standards and
ro faithfully repeat rhis knowledge
under a much more demanding ser of
conditions.

While the specified accuracy of rhe
nRC 8900A Peak Power Calibrator is
::l:O.6 db, when frequency correction is
applied, it should be explained thar
utilization to a higher degree of
accuracy, by virtue of its inherent
stability, is both practical and recom
mended. The ± 0.6 db figure is based
on absolute worst case error without
benefit of some error theories which
propose a probable error as the RMS
value of the worSt case. The worst case
error is also based on a minimum of
standards equipment to perform a cali
bration. With high qualiry standards
laboratory type equipmem for calibra
tion, operation to about a ±0.3 db
worst case error is considered practical.
Major potential sources of error are in
dlC measurement of the attenuation
path from the inpur connector to the
C\V standard OutpUt conneCtor and
error of the CW standard itself. Other
worst case errors included in the 8900A
analysis are:
I. Input VSWR reflection error.
2. Meter tracking and repeatibility

error.

• ~.. , "'Til CII.~T, to...b

•
•
•

•

•
•
,~ ~ -

-.

! ..,.,

1::
.~

-.

..
••

.,

PEAK POWER CALIBRATOR
TYpe No. 8900A S01lol No. 12 Dol8 5- 3-63

CALIBRATION CHART .SSO\. f[ N:.

A basic objective of the 8900A is to
provide a peak power measurement in
StrUmenr of sufficient aCC1.I(',lCy to serve
as a wOtking standard, withoUT the usual
rigorous limitations of standards labora-

Now consider rhe signal path which
attenuates the incident power and dis
sipates the remainder in a 50-ohm load.
This is provided as a convenient means
of calibratine. or standardizing the in
scrument. If [he 50-ohm load is repfaced
by an accurate CW power measuring
device such as a bolometer or calori
meter, and a CW source is connecred
to the in pur connector, the effect of rhe
applied power level can be monitored
on the average reading CW standard
and the peak readiog diode detector
simultaneously. Therefore, one need only
to know accurately rhe auenuation be
[W(.'Cn the fran! panel input connector
and the CW standard to determine what
effect a known power level at the input
has upon the peak RF detecror. The
10 db pad was introduced merely to
reduce the CW level ro one within the
range of several commercially avaiable
standards. The -hp- 43 I Power Meter,
with the 478A Bolometer or the -hp
434 Calorimeter, are quite satisfactory
for this application. The CW source
requirements also arc met by readily
available unirs.

because it is being used only for com
parison rather than as an absolute ref
erence for the measurement. The meter
calibration is the absolute reference.

oscilloscopes connected to rhe video
OUtput. Since no isolating amplifier is
employed, extremely high external
capacitance could increase rhe time re
quired for the video OUlput to rise to
rhe true peak of the voltage waveform.
The impedance of rhe output circuit is
approximately 150 ohms. The peak
detector also has a responsibiliry to

remain faithful at low RF carrier fre
quencies. lr musr not stan to discharge
while it is waiting for the crest of the
next cycle of rhe RF voltage waveform
to appear. If it faUs by even a few per
cent, the de outpur level, wirhin the
durarion of the plllse, would be lower
rhan the trUt: RF voltage peak and an
error would be introduced. The 8900A
was designed to meer its accuracy
specification at carrier frequencies down
to 50 mc and has been fOlmd capable
of doing rhis. The preliminary catalog
lower limir of specification was placed
at 150 me as a gesmre of conservarism.
In a like manner, the preliminary spec
ification of upper frequency limit is
1500 mc, alrhough all unirs rested have
been found to be within rhe accuracj'
limit up to 2.0 Gc.

Figure I is a phOtograph of the fronr
panel of the 8900A. The 5V2 inch meter
actually occupies almosr two-thirds of
the frOnt panel and was included to
enable the user to take full advantage
of rhe accuracy and stability of the
instrument with readom easily to 0.1 db.
Meter tracking aceuracj' and repeatibil
ity arc of necessity a rightly comrolled
characteristic of the unit. A from panel
"NULL" control is included to permit
the user to "erase" the smdc dc bias on
the diode from rhe video presenration.
\Vhi1e this concrol need nOt be reset for
a repetitive series of measurementS, it
gives the operator a range of adjust
ment to compen.~ate for any possible
long term aging effects on the diode.
This adjustment is made with the
function switch in rhe "CAL" position.
In this position, also, a voltage divider
from rhe reference power suppy applies
a preser voltage to the de meter ro
deflect rhe needle to a calibration mark.
This was induded to give the operator
confidence that the de meter and power
supply are opernting properly should
he question it at any time during a
measurement. It should be nOted, how
ever, that unlike some measuring sys
temS, the reference supply is nOt really
a critical parameter in the measurement

3
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3. Operator readout error. 
4. Possible errors due to aging of the 

detector diode. 

The aging error is included as a safety 
factor. Calibration checks of two proto- 
type units, which had been in constant 
use for 6 months, exhibited less than .05 
db discrepancy when rechecked at the 
end of that period. This amount of 
discrepancy could be attributed to any 
of the other errors first mentioned, but 
in a conservative evaluation, possible 
effects of aging must be considered. 
Provisions for recalibration permit the 
user to connect the standardizing 
equipment quite easily to external 
connectors on the instrument. Should 
field replacement of the detector diode 
become necessary, internal adjustments 
have been incorporated to permit ad- 
justment of the front panel meter to 
accommodate its particular idiosyncra- 
sies without necessity for an additional 
correction curve. A frequency correction 
curve is necessary when working to the 
highest degree of accuracy to remove 
errors due to the frequency sensitivity 
of the power divider diode detector, 
10 db attenuator, and type N connectors. 
Without frequency correction, overall 
accuracy is conservatively rated at 2 1.5 
db over the specified frequency range. 
Figure 3 illustrates a typical individual 
frequency correction curve which can 
be supplied with the 8900A. 

It is possible, then, to standardize the 
8900A with a C W  source, a CW power 
standard, and an oscilloscope. The pro- 
cedure permits calibration at any fre- 
quency desired, and the user need not, 
as in some instruments, standardize 
at dc and wonder what the instrument 
is actually doing at a proposed measure- 
ment frequency. 

A basic factor in the philosophy of 
the 8900A is that of actual observation 
of the pulse waveform during the 
measurement. While this requires the 
use of a suitable auxiliary oscilloscope, 
it was considered important in the re- 
duction of subtle errors; some of which 
are variations in pulse width, rate, or 
shape, as previously mentioned. It has 
an inherent advantage, however, in 
permitting measurement of intermediate 
levels of power in a complex waveshape. 
The operator may ignore characteristics, 
such as overshoot, if they contribute 

nothing to the effectiveness of his sys- 
tem or he may measure them as he 
chooses. In some applications, the user 
may be monitoring the effectiveness of 

can come only from a thorough under- 
standing of the theory and practical 
limitations of the measuring system. 

- 
a system at the time the measurement 
is made in an effort to correlate system 
performance to peak RF power. It then 
becomes important that he verify the 
output power has not changed by even 
a few tenths of a db at the time of the 
reading. Some frequently useful methods 
of peak power measurement have the 
disadvantage that the operator stops 
looking at the waveform at the precise 
moment of measurement, which is the 
most important time of all. A typical 
oscilloscope display from the 8900A 
during a measurement is shown in 
Figure 4 .  

Figure 4. Typical Oscilloscope Display - 
Type 8900A 

While the 8900A has a basic range 
of 200 mw full scale, it was designed 
with the intention that higher power 
measurements would be desired. Use of 
a high quality attenuator or directional 
coupler at the input will provide higher 
scale ranges. The directional coupler 
can provide an “in line” measurement 
with the source delivering useful power 
to an external load, thus providing a 
continuous monitoring capability. The 
accuracy of the external attenuating 
device is necessarily a factor in the 
overall accuracy of the measurement. 
If, for example, the 8900A were cali- 
brated to an accuracy of kO.4 db, and 
a range extending 40 db attenuator 
known to an accuracy of t 0 . 2  db were 
added to its input, accuracy of the over- 
all measurement would be * 0.6 db. The 
accuracy of the measurement, reduced 
to its basic meaning, is really the degree 
of confidence that the operator has in 
the measurement and this confidence 

CONCLUSION 
In conclusion, the 8900A is BRCs 

approach to the general problem of 
accurate peak power measurement. Its 
basic features are high stability, ease of 
standardization, and elimination of 
some of the subtle errors of many 
present-day systems. Its characteristics 
have been conservatively rated and it is 
recommended that the user fully under- 
stand the theory of operation and 
knowledgeably apply it to measurement 
applications, especially where his re- 
quirements demand greater than speci- 
fied accuracy. The complete specifica- 
tions for the 8900A are given below. 

SPECIFICATIONS 

Radio Frequency Measurement 
Characteristics 

RF RANGE: 150 to 1500 M C  
RF POWER RANGE: 

200 mw* peak full scale 
*may be readily increased through 
use of external attenuators or  
directional couplers 

*k 0.6 db with custom 
calibration curve 

RF POWER ACCURACY: k 1.5 db” 

RF POWER PRECISION: f 0.1 db 
RF PULSE WIDTH: > 0.25 &ec 
RF REPETITION RATE: 1.5 M C  maximum 
RF IMPEDANCE: 50 ohms 
RF VSWR: < 1.25 

L 

Physical Characteristics 

MOUNTING: 
Cabinet for bench use; readily 
adaptable for 19” rack mounting 

Gray engraved panel; green cabinet 
(Other finishes available on 
special order) 

FINISH: 

DIMENSIONS: 
Height 6-1/8” Width 7-3/41! 
Depth 11’’ 

WEIGHT: Net: 10 lbs. 
Power Requirements 

8900A: 105-125/210-250 volts, 
50-60 CPS 
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3. Operator readOUt error.
4. Possible errors due m aging of the

dereaor diode.

The aging error is included as a safety
facwr. Calibration ch«ks of cwo prow
type units, which had be<-n in consrant
use for 6 months, exhibited less than .05
db discrepancy when rechecked at the
end of that period. 'Ibis amount of
discrepancy could be amibured to any
of the other errors first mentioned, but
in a conservative evaluation, possible
effeelS of aging mUSt be considered.
Provisions for rcalibrarion pcnnit the
user to connect rhe sa.ndardi:ting
equipment quite C2Sily m external
conneaors on rhe insrrumenr. Should
field feplacement of rhe detecmr diode
become necessary, internal adjustmentS
have be<-n incorporated to permit ad
justment of the front panel meter 10
accommodate itS particular idiosyncra
si~s without necessity for an additional
correction curve. A frequency cOfn.'CtiOn
curve is necessary when working to the
highC5t degree of accuracy to remove
errors due to Ihe frequency sensitivity
of the power divider Jiode delector,
10 db aneouator, and type N ronoeaors.
Withoul frequency correction, overall
accuracy is conservatively r.ued al ± l.~

db over the specified frequency range.
Figure 3 illustrates a typical individual
frequency correction curve which an
be supplied wilh the 89OOA.

It is possible, then, to st1ll1darruze the
8900A with a CW source, a CW power
standard, and an oscilloscope. The pro·
cedure permits calibration at any frc·
quency desired, and the user need nOt,
as in somc instruments, standardize
at de and wooder whar the instrument
is actually doing at a proposed measure
melll frequency.

A basic facror in the philosophy of
the 8900A is Ihat of acNai observation
of the pulse wa\'eform during Ihe
measurement. While this requires lhe
use of a suirable auxiliary oscilloscope,
it was considered importanr in the re·
duclion of subtle errors; some of which
are variations in pulse width, rale, or
shape, as previously mcontioned. [t has
an inherent advantage, however, in
permilting measurement of intermediate
Jc\'cls of power in a complex waveshape.
The operator may ignore characteristics,
such as ove~hoot, if they comriburc

nothing to the effectiveness of his 5ys
{com or he may mC':lSUre them as he
chooses. In 50ITIe applicarions, the user
may be monitoring lhe effectiveness of
a system at the rime the measurement
is made in an effon to correlate system
performance to peak RF power. It then
becomes important that he verify the
Output lXIwer has not changed by even
a few tenths of a db at the time of the
reading. Some frequently useful methods
of peak power measuremem have the
disadvantage Ihat the operator SlOpS
looking at the waveform at the precise
momem of mC':lSUremem. which is the
most imporrant time of all. A typial
oscilloscope display from the 8900/1.
during a measurement is shown in
Figure 4.

'i"g,.... T,,....' Ouilloo.,o,.. Oio,.lo, •
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While the 890011. has a basic range
of 200 mw full scale, it was designed
with the intention that higher power
measurements would ~ desired. Use of
a high quality atcenuator or directional
coupler at the input will pro\'ide higher
scale ranges. The directional coupler
can provide an "in line" measurement
with the source dcli\'ering useful power
to an external load, thus providing a
continuous monitoring capability. The
accuracy of the external anenuating
dC'Vice is necessatily a facror in the
ovcorall accurncy of the mC':lSUrcmcm.
If, for r!Xample, lhe 8900A were ali·
brnted to an accuracy of ±0.4 db, and
a range extending 40 db anenuator
known to an accuracy of :!O 0.2 db were
added to its inpul, accuracy of the over
all measurement would be ±O.6 db. The
aCCl,lfacy of the measurement, reduced
10 its basic meaning, is really the degree
of confidence that rhe operator has in
rhco measuremcont and this confidencco
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can come only from a rborough under·
sraooing of the theory and prncrical
limitations of the measuring system.

CONCLUSION
[n conclusion. the 8900A is BRCs

approach 10 the general problem of
accurate peak power measuremenr. ItS
basic features are high stability, ease of
standardization, and elimination of
some of the subtle erfOrs of many
present-day systems. Irs chllf2Cteriscics
have been conservatively rated and it is
recommended mar the user fully under
Stand the theory of operation and
knowledgeably apply it to mC':lSUrement
applications, especially where his reo
quirements demand grC'l!ter Ihan speci
fied accuracy. The complete specifica
tions for the 890011. are given below.

SPECIFICATIONS

Itoclio F,gq......,y Mgoo..,gme...
Cho.... .,•• 'i••i".

Rf RANGE, 150 to 1500 Me
Itf POWER RANGE,

200 mw· peak full scale
-may be readily Increased through
use of external attenuators or
directional couplers

RF POWER ACCURACY, ± 1.5 db"
• ± 0.6 db with custom
calibration Curve

IF POWER PRECISION, ± 0.1 db
RF PULSE WlnTH, > 0.25 usee
iF REPETITION UTE, 1.5 Me maximum
RF IMPWANCE, 50 ohms
RF VSWR, < 1.25
Phyoi<,,1 Cho,o<I.,iol;n

MOUNTING,
Cabinet for bench use; readily
adaplable for 19" rack mounting

FINISH,
Gray engraved panel; green cabinet
(Other finishes available on
special order)

DI .....ENSIONS,
Heil'::hl 6·J18~ Width 7·314"
Depth II"

WEIGHT, Net: 101bs.
Pow•• Roq..i<om.".,

89OOA; 105·125/210·250 volts.
50·60 cps
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low level Measurements Using the 

Signal Generator Power Amplifier 

CHARLES W. QUINN, Sales Engineer 

BRC 230A hp 411A - PAD - SIGNALGEN. - RF or 
TEST 

CIRCUIT STUB TUNER POWER AMP. MILLIVOLTMETER 

The normal applications of the 2 3 0 A  
Power Amplifier (Fig. 1) have been 
discussed in Notebook Number 32. 

Because of the choice of amplifier 
tubes, the noise figure of this new 
versatile amplifier is in the order of 
6 to 8 db. Further, for most of the 
range, the noise figure is closer to 6 db. 
This feature opens another field of 
application-Low Level Measurements. 
It is the purpose of this article to discuss 
the many ways this power amplifier 
can be utilized in low level work. 

2 

TUNED MICROVOLTMETER 
One of the most useful applications 

is the wedding of the 2 3 0 A  with an 
HP 411-A RF Millivoltmeter. The 
4 1 1 - A  is connected as shown in Fig. 2, 
without a termination, but driving into 
the high impedance probe. Stub tuning 
at the output may improve the gain and 
VSWR at some frequencies. Under these 
conditions, the 2 3 0 A  will provide ap- 
proximately 40 db of gain. The result 
is that full scale maximum sensitivity 
(which is normally 10 mv) is now 
approximately 100 pv, and 10 pv can 
be observed with ease. This configura- 
tion can be used to detect leakage and 
for harmonic analysis, using substitution 
to determine the gain at the frequency 
of operation. In this application it is 
possible to measure approximatey 80 db 
of insertion loss with 1 volt as a source 
voltage. 

PREAMPLIFIER FOR 
FREQUENCY COUNTERS 

When used in combination with the 
HP 524 and the 5243L and 5245L 
series counters with appropriate con- 
verters, the 2 3 0 A  Power Amplifier can 
make direct counter measurements pos- 
sible with signal levels approximately 
30 to 40 db below normal counter 
requirements. 

-- 

0 L - , 

i 
Figure I .  Type 2 3 0 A  Signal Generator Power Amplifier 

"OFF THE AIR" MEASUREMENTS 
This application is especially useful 

when it is desirable to make transmit- 
ter measurements without interrupting 
transmission, when direct connection to 
transmission line is not desirable, or 
when the output of the transmitter is 
too low for normal measurements. In 

cases where direct connections are not 
made, an antenna may be substituted 
and remote measurements made up to 
several miles, depending upon the 
radiated power. ( See Fig. 3 . )  

There are some precautions which 
should be taken in this application. 

Figure 2 .  Tuned Microkoltmeter Setup with Stub Tuning 

SIGNAL GEN. ELECTRONIC 
POWER AMI? COUNTER 

Figure 3.  Setup for Remote Frequency Monitoring 
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The normal applica60ns of the 230A
Power Amplifier (Fig. 1) have been
discussed in Notebook Number 32.

Because of the choice of amplifier
tubes, the noise figure of this new
versatile amplifier is in the order of
6 ro 8 db. Further, for most of the
range, the noise figure is closer ro 6 db.
This feature opens another field of
application-Low Level Measurements.
It is the purpose of this article ro diSC\lsS
the many ways this power amplifier
can be milized in low level work.

fig,,,. 2. Tun.d N1i...........hm.'.r S.'up with Slub Tunin!j"

cases whete direct connections are not
made, an amenna may be substituted
and remote measurements made up to

several miles, depending upon the
radiated power. (See Fig. 3.)

There are some pre<:autions which
should be raken in this application.

,

BRC 230.1, ..
'-- SIGNAL GEN. f--- ELECTRONIC

POWER AMP. COUNTER

llR(; l30A hp 411.1,
SIGNA.L

f--
TEST r-- PAll 'fETWOR~ - I---• SlGNAl GE'f• "'GENERATOIl CI~CUlT STUB T~ POWER AHP. MILLIVOl..TMETUl

"OFF THE AIR" MEASUREMENTS
This application is especially useful

when it is desirable to make transmit·
ter measuremems without imerrupting
transmission, when direct connenion to
transmission line is nOt desirable, or
when the OutpUt of the transmitter is
tOO [ow for normal measurements. In

II))))))
PREAMPLIFIER FOR

FREQUENCY COUNTERS
When used in combination with the

HP 524 and the 52431- and 5245L
series counters with appropriate con·
verters, the BOA Power Amplifiet can
make dirtXl COUlltcr mcasurements pos
sible with signal levels approximate-Iy
30 to 40 db below normal coumer
requiremems.

TUNED MICROVOlTMETER
One of the most useful applications

is Ihe wedding of the 230A with an
HP 411-A RF Millivoillneter. The
411·A is connected as shown in Fig. 2,
without a termination, but driving into
rhe high impedance probe. Stub tuning
at the OUtpUt may improve the gain and
VSWR at some frequencies. Under these
conditions, the 230A will provide ap
proximately 40 db of gain. The result
is that full scale maximum sensitivity
(which is normally 10 mv) is now
approximately 100 /'-v, and 10 p'v can
be observed with easc. This configura·
tion can be used to detect leakage and
for harmonic analysis, using substitution
10 determine the gain at rhe frequency
of operation. In this application it is
possible to measure approximatey 80 db
of iosenion loss with 1 voh as a source
voltage.

•
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BRC 230A 
SIGNALGEN. 
POWER AMP 

- - COMMUNICATION 
RECEIVER - MIXER 

0 OSCILLATOR 

OUTPUT 
METER 

Figure 4. Setup for Leakage Detection 

1. The effects of noise and modulation 
should be considered. 

2. For AM signals, the negative modula- 
tion peak must not go below the 
triggering level. 

3. For FM, the period must be suffi- 
ciently long for good averaging. 

4. Even-order distortion, or carrier shift 
under modulation will be observed. 

5 .  The absolute value of the peak noise 
voltage must be less than the trigger- 
ing uncertainty, or hysteresis value. 

6. The measurement must be made in 
the absence of interfering signals to 
the extent of the above noise limita- 
tion. 

7. It is most desirable to check fre- 
quency at zero modulation. - .  

RF LEAKAGE DETECTION 
In the design of RF equipment, it is 

often necessary to detect very small sig- 
nals, much less than 1 pv, usually picked 
up on a standard loop. When the fre- 
quencies involved get above 30 mc, it 
is quite common to use a good com- 
munication receiver as an IF amplifier 
and precede it with a broadband mixer. 
Normally, the insertion loss of the 
mixer will degrade the 10 db signal-to- 
noise ratio to approximately 10 to 20 
pv. Adding the 230A Power Amplifier, 

as shown in Figure 4, will improve this 
figure to .2 to .5 pv for the same band- 
width of approximately 10 kc. 

BRC C U S T O M E R  SERVICE DEPARTMENT 

RECEIVER DESIGN 
In the early stages of receiver design, 

the 230A Power Amplifier has numer- 
our applications: 
1. In the development of the IF ampli- 

fier stages, the 230A can serve as a 
temporary front end or RF pre- 
selector. 

2. It can be used to provide high levels 
for limiters and detectors at IF fre- 
quencies abme 10 mc. 

3. It can be used to increase the output 
of a signal generator to determine 
proper mixing levels, thereby optim- 
izing mixer gain and noise figure. 

CONCLUSION 
The 230A Power Amplifier is an ex- 

tremely versatile instrument, capable of 
amplifying very small signals, as well as 
providing large signals, greater than 10 
volts, for high level measurements with 
moderate input levels. With these fea- 
tures it becomes a valuable laboratory 
tool and also has many applications in 
the production line. 

In order to offer improved service on 
repairs, accessories, and replacement 
parts, BRC has established a Customer 
Service Department which will operate 
as part of our Sales organization. The 
new department is staffed with person- 
nel highy skilled in the repair and serv- 
icing of the complete line of BRC 
equipment. 

Under the direction of Ray Tatman, 
the department is responsible not only 
for the scheduling and processing at the 
factory of repair instruments, but for 
handling all communications with our 
engineering representatives and custom- 
ers regarding field repair and servicing 
of BRC instruments. Much of this com- 
munication will be handled by means of 
special “Service Notes” which will be 
issued periodically by Ray to keep BRC 
Engineering Representatives and cus- 

tomers posted with the latest servicing 
information. 

R a y  Tatman 

Ray Tatman, head of the new opera- 
tion, comes to BRC from the Hewlett- 
Packard Company in Palo Alto, Cali- 
fornia, where he spent two and one-half 
years in that Company’s Customer Serv- 
ice Department. Ray, who hails from 
Oroville, California, attended Chico State 
College from 1949 to 1951 where he 
studied accounting and business admin- 
istration. From 1951 to 1955 he served 
as an electronic technician in the U. S. 
Navy. In 1959 he received his degree in 
Electronics Engineering from California 
State Polytechnic College in San Luis 
Obispo, California. 

The basic objective of the Customer 
Service Department is to provide the 
best possible service to our customers. If 
you have any questions regarding serv- 
ice, calibration, or repair, please do not 
hesitate to call or write us. L 
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I. The effects of noise and modulation
should be considered.

2. For AM signals, the negative modula·
tion peak must not go below the
triggering level.

3. For FM, the period must be suffi·
ciently long for good averaging.

4. Even-otder distortion, or carrier shift
under modulation will be obsetved.

5. The absolute value of the peak noise
voltage must be less than the trigger
ing uncertainty, or hysteresis value.

6. The measurement must be made in
the absence of interfering signals to
the extent of the above noise limita
tion.

7. It is most desirable to check fre
quency at zero moduladon.

RF LEAKAGE DETECTION

[n the design of RF equipment, it IS

ohen necessary to detect very small sig
nals, much less rhan I /-'V, usually picked
up on a standard loop. When the fre·
quencies involved get above 30 me, it
is quite common to use a good com
munication ~eceiver as an IF amplifier
and ptecede it with a broadband mixer.
Normally, the insertion loss of the
mixer will degrade the 10 db signal-to
noise ratio to approximately 10 to 20
j.<V. Adding the 230A Power Amplifier.

as shown in Figure 4, will improve this
figure to .2 to ,5 j.<V for the same band
width of approximately 10 kc.

RECEIVER DESIGN
In the early stages of receiver design,

the 230A Power Amplifier has numer
our applications:
1. In the development of the IF ampli

fier stages, the 230A can serve as a
temporary front end or RF pre
selector.

2. It can be used to provide high levels
for limiters and detectors at IF fre·
<:juencies above 10 mc.

3. It can be used to increase the OUtpUt
of a signal generator to determine
proper mixing levels, thereby optim.
izing mixet gain and noise figure.

CONCLUSION

The 230A Power Amplifier is an ex
tremely versatile inStnlmem, capable of
amplifying very small signals, as well as
providing large signals, greater than 10
volts, for high level measurements with
moderate input levels. With these fea
tures it becomes 1I. valuable laboratOry
tool and also has many applicadons in
the prodUCtion line.

BRC CUSTOMER SERVICE DEPARTMENT

In order co offer improved service on
repairs, accessories, and replacement
pans, BRC has established a Customer
Service Departmem which will operace
as part of our Sales organization. The
new depanmem is staffed with person
nel highy skilled in the repair and sery·
icing of the complete line of BRC
equipmem.

Under the direction of Ray Tatman,
the department is responsible nOt only
for the scheduling and processing at the
factOry of repair instrumems, but for
handling all communications with our
engineering representatives and rustOm
ers regarding field repair and servicing
of BRC instruments. Much of this com
munication will be handled by means of
special "Service Notes" which will be
issued periodically by Ray to keep BRC
Engineering Representatives and cus-

tamers posted with the huest servicing
information.

lI"y J,,'mon

•

Ray Tatman, head of the new opera
tion, comes TO BRC from the Hewlett
Packard Company in Palo AlTO, Cali
fornia, where he spem tWO and one-half
years in that Company's Customer Serv
ice Departmem. Ray, who hails from
Oroville, California, attended Chico State
College from 1949 to 1951 where he
studied accouming and business admin
istration. From 1951 to 1955 he served
as an electronic technician in the U. S.
Navy. In 1959 he received his degree in
Electronics Engineering from California
State Polytechnic College in San Luis
Obispo, California.

The basic objective of the Customer
Service Depanmcnt is to provide the
best possible service to our custOmers. If
you have any <:juestions regarding serv
ice, calibration, or repair, please do not
hesitate to aU or write us.



T H E  N O T E B O O K  

DON’T MODIFY 
YOUR RX METER YET 

In a Service Note on Page 7 of Note- 
book Number 31, a new method was 
described for modifying the Type 250-A 
RX Meter which would provide for 
both a reduced signal level and in- 
creased sensitivity. It has since come 
to our attention that a number of in- 
struments, modified in accordance with 
the instructions given, would no longer 
meet factory specifications. The cali- 
brated oscillator frequency in these in- 
struments changed beyond the specified 

1% limits and, in some cases, addi- 
tional RF leakage occured which pre- 
vented bridge balance above 150 kc. 

In view of these problems, we are 
recommending the discontinuance of 
this modification until such time as the 
problem is resolved. Work is being con- 
tinued toward a solution to the problem 
and additional information will be pub- 
lished as soon as it becomes available. 

ELECTRONICS, ELECTRONICS, 
EVERYWHERE 

Over the years, BRC has received in- 
quiries at the IRE show from a number 
of unusual organizations; sources which 
one might not readily associate with’the 
electronic instrumentation field. This 
year, we did it again. A request for in- 
formation about BRC equipment was 
received from the Dept. of Pediatrics, 
University of Washington, Seattle, 
Washington. 

v 

202H and 2025 Instruction 
Manuals Now Available 
The final instruction manuals for the 

* 

MEET O U R  REPRESENTATIVES 
RMC Sales Division 

One of the newest members of the 
BRC sales family is the RMC Sales 
Division of the Hewlett-Packard Com- 
pany (formerly RMC Associates). RMC 
has two offices and handles BRC equip- 
ment sales in the Metropolitan New 
York City and Northern New Jersey 
areas. The Division’s main office is 
located at 236 East 75th Street. A 
branch office is located at 391 Grand 
Avenue in Englewood, New Jersey. 

RMC was founded in 1953 by Robert 
Asen, Milton Lichtenstein, and Charles 
Sargeant, all of whom were previously 
with Burlingame Associates as Field 
Engineers. Charles Sargeant has since 
retired. Robert Asen is Manager of the 
new Division and Milt Lichtenstein is 
Sales Manager. Rod Foley is Manager 
of the Englewood Branch. 

Types 202H and 2025 Signal Genera- 
tors are now available. Included in the 
manuals are complete calibration and 
maintenance data, and parts lists. Copies 
of the manuals are being distributed 
through the BRC Engineering Repre- 
seirtatives’ offices. If you own a 202H 
or 202J and have not received your 
copy of the new instruction manual, 
contact our representative nearest you 
for your copy. Addresses and telephone 
numbers of our Representatives are 
given on Page 8 of this issue. Requests 
should include name of department and 
person to whom manual should be 
mailed. 

Robert Asen, RMC Manager 

The organization has an efficient and 
skilled technical staff consisting of eight 
Field Engineers, who are equipped to 
proyide complete engineering service 
on our products; three Staff Engineers 
who are responsible for inside sales 
functions and provide “on-the-spot” 
technical assistance to customers; and a 
Customer Service Department which 
provides complete repair and recalibra- 
tion services on all Hewlett-Packard in- 
struments. An extensive .stock of spare 
and replacement parts is also available 

to provide local service to customers. 

W e  are proud to welcome RMC into 
the BRC family and invite all of our 
customers in the New York/Northern 
New Jersey area to contact them for 
complete information on BRC products. 

r 
New York City Headquarters - RMC 

See us  a t  

FRONTIERS IN ELECTRONICS 

BOOTHS 2105-2106 
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New Jersey area to contacr them for
complete information on BRC products.
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The organization has an dlicient and
skilled technicaJ staff consisring of eighl
Field Engineers, who arc equipped to
pro'l:ide complete engineering service
on our productS; three Staff Engineers
who arc responsiblc for inside sales
funclions and provide "on-the-spor"
technical assistance to customers; and I
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provides complete rcpair and recalibra
cion services on all Hewleu-Paclcard in
scruments. An extensive .srock of spare
and replacement pans is also available
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One of the newest members of the
BRC sales family is thC' RMC Sales
Division of the Hewlett-Packard Com
pany (formerly RMC Associates). RMC
has twO offices and bandles ORC equip
ment sales in lbe MetrOpolir.a1l New
York Gcy and Northern New Jersey
areas. The Division's main office is
located af 236 East 75th $uC'e[.. /\
branch office is located at 391 Gn.nd
Avenue in Englewood, New Jersey.

IU.fC was founded in 1953 by Robert
Asen, Milton lid'ltenstein, and Olarles
Sargeant, all of whom werc previously
with Burlingame Associates as Field
Engineers. Ourles Sargeant has since
relired_ Robert Asen is Manager of the
new Division and Mib Lichtenstein is
Sales Manager. Rod Foley is Manager
of the Englewood Branch.

In a Service Note on Page 7 of NOte
book Number 31, a new melhod was
described for modifying [he Type 250-/\
RX Meter which would provide for
both a reduced signal levd and in
creased sensilivity. Ie has since come
to our anemion thaI a number of in
strumcnts, modified in accordance with
lhe iDSl:roclions given, would no IonECt
mttt factory specifications. The cali
brated oscilLuor frequency in these in
suumcoa changed beyond the specified
:l:: 1% limia and, in some cases, addi
cional RF lealc:aEt: occured which pre
vented bridgc balance above 150 kc..

In view of l~ problems, we are
rcrommending the discontinuance of
this modification umil such rime as the
problem is r('S()lved_ Work is being con
linued loward a solution to lhe problem
and additional informalion will be pub
lished as soon as it becomes availablc.

202H and 202J Instruction
Manuals Now Available
The final instruction manuals for the

Types 202H and 202) Signal Genen
tOrs are now available. Included in [he
manuals are complete calibration and
maintenance dala, and partS lisa. Copies
of thc manuals are being distributed
through the BRC Engineering Repre
st'lltatives' offices. If you own a 202H
or 202) and have I10l received your
copy of the new instruction manual,
conran our represenrative nearest you
for your copy. Addresses and telephone
numbers of our Represenraoves are
given on Pagc 8 of lhis issue. RequestS
should include name of depamnenl and
person to whom manual shou.kt be
mailed.

elECTRONICS, ELECTRONICS,
EVERYWHERE

Ovcr thc years, BRC has received in
quiries at the IRE show from a number
of unusual organizations; sources which
one might not rea.dily associate with' the
dectronic instromentation fidd. This
yea.r, we did it again. A request for in
formation about BRC equipment was
received from the Dept. of Pediauics,
University of WashingtOn, Seattle,
WashingtOn.
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B O O N T O N  R A D I O  C O M P A N Y  T H E  N O T E B O O K  

EDITOR’S N O T E  
Q Meter Award 

Seymour Krevsky, winner of the in- 
creasingly popular Q estimating con- 
test, held each year at the IEEE show, 
was presented with a Type 160-A Q 
Meter by Bill Myers, General Manager 
of BRC. With near winning estimates 
in both 1957 and 1959, Mr. Krevsky 
is proving to be a perennial threat in 
the competition. 

Mr. Krevsky received his B.S.E.E. 
from Newark College of Engineering 
in 1942 and his M.S.E.E. from the same 
college in 1950. He is currently studying 
for his doctorate at Polytechnic Institute 
of Brooklyn. 

In 1944 Mr. Krevsky entered the 
service as a member of the technical 

staff of the Aircraft Radio Laboratory 
at Wright Field, Dayton, Ohio, where 
he oerformed studies on measurement 

Seymour Krevsky 

tecGniques of parasitic FM in AM signal 
generators and in pulse modulated sys- 
tems. Since that time he has done de- 
velopment and research work at the 
Coles Signal Laboratory and USARDL, 
and is presently engaged in advanced 
communications systems analysis and 
synthesis at the RCA Surface Communi- 
cations Systems Laboratory. 

Mr. Krevsky is a senior member of 
the IEEE, PGCS, PGAP, and PGMTT. 
He has had numerous articles published 
in IRE and SCEL pubications, and was 
written up in “Who’s Who in Engineer- 
ing” in 1958 and 1962. 

&- @ Re- 
kALBUQUERQUE, New Mexico 
NEELY ENTERPRISES 
6501 Lomas Blvd., N.E. 
Tel: (505) 255-5586 
TWX: 505-243-8314 
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Hewlett-Packard Company 
1317 Railroad Ave. 
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*ATLANTA 5, Georgia 
BlVlNS & CALDWELL, INC. 
3110 Maple Drive, N.E. 
Tel: (404) 233-1141 
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Tel: (301) 664-4400 
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Tel: (312) 275-1600 
TWX: 312-222-0311 

*CLEVELAND. Ohio 
CROSSLEY ASSOCIATES, INC. 
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Tel: (216) 884-9209 
TWX: 216-888-0715 

*DALLAS, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 lnwood Road 
Tel: (214) 357-1881 
TWX: 214-899-8541 

CROSSLEY ASSOCIATES, INC 
2801 Far H i l l s  Ave. 
Tel: (513) 299-7002 
TWX: 513-944-0090 
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LAHANA & COMPANY 
1886 South Broadway , 
Tel: (303) 733-3791 
TWX: 303-292-3056 

*DAYTON, Ohio 
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ROBINSON SALES DIVISION 
Hewlett-Packard Company 
Park Place Off ice Bldg. 
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Tel: (717) j37-6791 
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Tel: (919) 882-6873 
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Tel: (713) 667-2407 
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TWX: 317-635-4300 
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Tel: (503) 222-7337 
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Hewlett-Packard Company 
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Tel: (914) 454-7330 
TWX: 914-452-7425 

RICHMONO, Virginia 
BlVlNS & CALDWELL, INC 
1219 High Point Ave. 
Tel: (703) 282-5451 
TWX: 703-282-9986 

ROCHESTER, New York 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
800 Linden Ave. 
Tel: (716) 381-4120 

VjACRAMENTO, California 
NEELY ENTERPRISES 
2591 Carlsbad Ave. 
Tel: (916) 482-1463 
TWX: 916-444-8683 

SSAN FRANCISCO, California 
NEELY ENTERPRISES 
San 501 Laurel Carlos, St. Cal. 

Tel: (415) 591-7661 
TWX: 415-594-8857 

*SEATTLE, Washington 
ARVA. INC. 
1320 Prospect St. 
Tel: (206) 622-0177 
TWX: 206-998-0733 

*ST. PAUL, Minnesota 
CROSSLEY ASSOCIATES, INC. 
842 Raymond -Ave. 
Tel: (612) 646-7881 
TWX: 612-551-0055 
ST. PETERSBURG, Florida 
STILES SALES DIVISION 
Hewlett-Packard Company 
P.O. Box 8457 
Tel: (813) 391-0211 
TWX: 813-391-0666 

*ST. LOUIS, Missouri 
HARRIS-HANSON CO. 
2814 S. Brentwood Blvd. 
Tel: (314) 647-4350 

SYRACUSE, New York 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
Pickard Bldg., E. Malloy Rd. 
Tel: (315) 454-2486 
TORONTO. Ontario. Canada 

TWX: 314-962-3933 

HEWLETTIPACKARD (CANADA) LTD. 
1415 Lawrence Ave. W. 
Tel: (416) 249-9196 
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NEELY ENTERPRISES 
232 S. Tucson Blvd. 
Tel: (602) 623-2564 
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HORMAN ASSOCIATES, INC. 
941 Roll ins Ave. 
Rockville, Maryland 
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+For instrument repair contact: Customer Service, Hewlett-Packard Company, 395 Page M i l l  Rd., Palo Alto, California, Tel: (415) 326-1755 

BOONTON RADIO COMPANY 
P r i d  in V.S.A. 

8 

d 

BOONTON RADIO COMPANY THE NOTEBOOK

EDITOR'S NOTE
Q Meter Award

Seymour Krevsky, winner of the in·

creasingly popular Q estimating con·
rest, held each year ar the IEEE show,
was pr~nted with a Type 16(}·A Q
Meter by Bill Myers, General Manager
of BRC With near winning estimates
111 born 1957 and 1959, Mr. Kr~sky

is proving (0 be a perennial threat in
(he competition.

Mr. K.rcvsky received his B.S.E.E
from Newark College of Engineering
in 1942 and his M.S.E.E from the same
college in 1950. He is currently studying
for his docrornte at Polytechnic Institme
of Brooklyn.

In 1944 Mr. Krevsky enter~ me
~rvice as a mem~r of the technical

sra.ff of the Aircraft Radio Laboratory
at Wright Field, Dayton, Ohio, where
he performed studies on measurement
techniques of parasitic FM in AM signal
generators and in pulse modulated sys
(ems. Since that time he has done de
velopment and research work at the
Coles Signal laboratory and USARDL,
and is pr~lltly engaged in advanced
communications systems analysis 1llId
synthesis at the RCA Surface Communi
cations Syslems Laboratory.

Mr. Krevsky is a senior member of
the IEEE, PGCS, PCAP, and PGMIT.
He has had numerous articles published
in IRE and SCEL pubications, and was
written up in ··Who's Who in Engineer·
ing" in 1958 and 1962.
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INTRODUCTION 
With the number of jet aircraft 

flights continually increasing, since 
their inauguration in 1960, it has be- 
come necessary to augment the exist- 
ing VOR (Visual Omni-Range) and 
ILS (Instrument Landing System) 
navigational aids with two new SO- 
phisticated systems; DME (Distance 
Measuring Equipment) and ATC 
(Air Traffic Control). Boonton Ra- 
dio, with an established line of spe- 
cialized instrumentation for the de- 
sign, test, and calibration of air- 
borne VOR and ILS equipment, and 
recognizing the need for the same 
type of instrumentation in conjunc- 
tion with the DME and ATC air- 
borne equipment, has designed the 
8925A DME/ATC Test Set (Figure 
1) for this purpose. A block diagram 
of the Test Set is shown in Figure 2. 

PURPOSE OF DME AND ATC 
In brief, DME provides the pilot 

of an aircraft with a read-out of his 
distance in miles from a given ground 
station. In addition, DME equip- 
ment, used in pairs or in conjunc- 
tion with VOR equipment, can give 
the pilot his exact location on a con- 
tinuous basis, avoiding separate 
measurements for triangulation and/ 
or calculation. ATC provides ground 
control personnel with positive indi- 
vidual identification and location of 
aircraft within their area. 

I 

YOU WILL FIND. . .  

W 

. .  I 

Figure 1. Type 8925A DME/ATC Test Sef 

Both the DME and ATC systems 
function through the exchange of 
pulse coded information between the 
airborne and ground stations. The 
pulse coding, plus the time delays as- 
sociated with transmission and re- 
ception, constitutes the information. 
In the case of DME, the airborne 
equipment interrogates the ground 
station which, in turn, replies. In the 
ATC system, the ground station in- 
terrogates the airborne equipment. 

TYPE 8925A DMEIATC 
TEST SET 

The basic concept of the 8925A 
Test Set was that it should be, in 
essence, a calibrated precisely con- 
trollable, low power, ground station. 
The minimum characteristics of the 
station were to be those as specified 
by the cognizant authorities for a 
DME and ATC ground station and 

for checking out airborne DME/ 
ATC equipment.l 

Analysis of the requirements led to 
the conclusion that existing “tried and 
proven” test instruments were avail- 
able which, when assembled in build- 
ing block fashion, could provide the 
basis of the calibrated pulsed R F  
source and a means of measuring the 
airborne transmitter peak power. 
With modification of some of these 
units, the exact requirement could be 
met. Having established this course, 
there remained to devise means of 
measuring the ATC airborne trans- 
mitter frequency, interconnecting the 
Test Set components, connecting to 
the equipment under test, and moni- 
toring the various signals involved. 
This was accomplished by the devel- 
opment of two new specialized test 
instruments: the BRC 8905A Wave- 
meter to measure the transmitter fre- 
quency and the BRC 13505A ISO- 
lator-Monitor to provide the required 
interconnection, isolation, and moni- 
toring facilities. 

Signal Generator 
The basic CW RF signal is gen- 

erated by a Hewlett-Packard H01- 
8614A Signal Generator. This instru- 
ment is a slightly modified version of 
the standard production unit. The 
frequency range is restricted to 950 
to 1250 mc in order to optimize the 
characteristics over this range, and 
the attenuator calibration is offset to 
compensate for system losses. The 
modifications are minor and the in- 
strument can be readily returned to 
its original state. The generator in- 
corporates automatic leveling of the 
RF signal which permits tuning over 
the entire frequency range with no 
adjustment of level required. The at- 
tenuator dial is calibrated to read di- 
1 - See References at end of article. 
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INTRODUCTION
With the number of jet aircr1rlt

[lights continually increasing, since
their inauguration in 1960. it has be
come necessary to augment the exist
ing VOR (Visual Omni.Range) and
ILS (Instrument Landing System)
navigational aids with two new so
phisticated system~; DME (Distance
Measuring Equipnlcnt) and ATe
(Air Traffic Control). Boonton Ra
dio, with an established line of spe
cialized instrumentation for the de
sign, test, and calibration of air·
borne VOR and ILS equipment, and
recognizing the need for the same
type of instrumentation in conjunc
tion with the DME and ATe air
borne equipment, has designed the
892SA DME/ATC Test Set (Figure
I) for this purpose. A block diagram
of the Test Set is shown in Figure 2.

PURPOSE OF DME AND ATC
In brief, DME provides the pilot

of an aircraft with a read-out of his
distance in miles from a given ground
station. In addition, DME equip
ment, used in pairs or in conjunc
tion with VOR equipment, can give
the pilot his exact location on a con
tinuous basis, avoiding separate
measurements for triangulatioll and/
or calculation. ATC provides ground
control personnel with positive indi
vidual identification and location of
aircraft within their area.
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Both the DME and ATC systems
function through the exchange of
pulse coded information between the
airborne and ground stations. The
pulse coding. plus the time delays as
sociated with transmission and re
ception, constitutes the information.
In the case of DME. the airborne
equipmellt interrogates the ground
station which. in tum, replies. In the
ATC system, the ground station in
terrogates the airborne equipment.

TYPE 892SA DMEI ATC
TEST SET

The basic concepl of the 8925A
Test Set was lhat it should be. in
essence, a calibrated precisely con
trollable, low power, ground station.
The minimum characteristics of the
station were to be those as specified
by the cognizant authorities for a
DME and ATC ground station and

for checking out airborne DME/
ATC equipment. I

Analysis of the requirements led to
the conclusion that existing "tried and
proven" test instruments were avail
able which. when assembled in build
ing block fashion. could provide the
basis of the calibrated pulsed RF
source and a means of measuring the
airborne transmitter peak power.
With modification of some of these
units, the exact requirement could be
met. Having established this course,
there remained (0 devise means of
measuring the ATC airborne trans·
milter fTequency. interconnecting the
Test Set components. connecting to
the equipmem under tesl, and moni·
toring the various signals involved.
This was accomplished by the devel
opment of two new specialized test
instruments: the BRC 8905A Wave·
meter to measure lhe transmiuer fre
quency and the BRC 13505A 150
lator·Monitor to provide the required
interconnection. isolation, and moni
toring facilities.

Signal Generator
The basie CW RF signal is gen

erated by a Hewlett-Packard HOI·
8614A Signal Generator. This instru·
ment is a slightly modified version of
the standard production unit. The
frequency range is restricted to 950
to 1250 me in order to optimize the
characteristics over this range, and
the attenuator calibration is offset to
compensate for system losses. The
modifications are minor and the in
strument can be readily returned to
its original state. The generator in
corporates automatic leveling of the
RF signal which permits tuning over
the entire frequency range with no
adjustment of level required. The at
tenuator dial is calibrated to read di-

I . See httrmcn II eod of ort>Ck.
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ulation is essentially independent of 
frequency and, in actual use, when 
set at one frequency, will. hold across 
the entire frequency range of 950 to 
1250 mc. 

The video signals required to ac- 
tuate the H03-8714A Modulator are 
derived from equipment external to 
the 8925A Test Set, such as the Col- 
lins 578D-1 Test Set (DME) or 
578X-1 Test Set (ATC). These units 
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Figure 2.  Block Diogrom - Type 89254 DME/ATC Test Set 

rectly the system output into 50 ohms 
over the range of -10 to -120 dbm. 
The generator contains an internal 
modulator which employs PIN diodes 
as essentially resistive modulator ele- 
ments. The frequency controls per- 
mit adjustment to within 50 kc as the 
frequency is simultaneously moni- 
tored and displayed by an -hp 5245L 
Frequency Counter in combination 
with a 5254A (3.0 Gc) Frequency 
Converter. 

Modulator 
The R F  output of the Signal Gen- 

erator is fed to an -hp-H03;8714A 
solid state Modulator. Like the mod- 
ulator in the Signal Generator, this 
instrument employs electrically con- 
trolled PIN diodes mounted in a strip 
transmission line. Modulation is ac- 
complished by varying the attenua- 
tion of the strip line. The H03-8714A 
is an extensively modified version of 
the -hp- 8714A. Special front panel 
controls and connectors are provided 
and special pulse shaping circuitry is 
includedi The pulse shaping circuitry 
is necessary to compensate for the 
inherently fast PIN diode switching 
time (of the order of 10 ns), per- 
mitting the R F  envelope to closely 
reproduce the video modulating sig- 
nals. The linearity of the modulator 
is approximately . t5% over the 
upper 30 db of the dynamic range. 
This method of post generation mod- 

provide pulse coded video signals 
which simulate DME/ATC ground 
emission information as regards to 
pulse spacing, repetition rate, num- 
ber of pulses, and, to some extent, 
pulse shape. 

In the case of ATC, it is required 
that the second pulse of a train of 
two or three pulses be varied in am- 
plitude from +- 1 to - 10 db relative 
to the amplitude of the first pulse. 
The special circuitry within the H03- 
8714A Modulator provides this capa- 
bility by generating a video gate (Fig- 
ure 3B), which is related in time to 
the second pulse of the video pulse 
train and adjustable in amplitude by 
means of a front panel control. This 
video gate pulse is returned to the 
modulator in the H01-8614A Signal 
Generator where it effectively modu- 
lates the R F  signal upward or down- 
ward the desired amount (Figure 
3C). The generator output, then, is 
modulated by the H03-87 14A which 
turns completely on for each pulse 
(Figure 3D). The resulting pulse am- 
plitudes are determined by the pre- 
viously modulated generator output. 
The linearity of the H03-8714A in- 
ternal circuitry is such that the front 
panel control is calibrated in 0.5 db 
increments over the range of +1 to 
-10 db and is accurate to * O S  db. 
It is apparent that in order to permit 
the upward modulation, it is neces- 

sary to bias the modulator within the 
generator to some level below the ,.- 
full on condition. The bias which is 
derived from the H03-8714A Modu- 
lator, can be made to vary the R F  
output over a range of several db by 
means of a control available at the 
front panel. =In practice, the level 
which is set corresponds to the Test 
Set calibrated CW output. 

' I '  m 

--I 

(A )  VIDEO SIGNAL APPLIED TO H03.8714A 
MODULATOR 

(6)  VIDEO GATE GENERATED BY H03-8714A 
MODULATOR AND APPLIED TO HOI-8614A 
SIGNAL GENERATOR 

OUTPUT (VIEWED USING 13505A 
ISOLATOR-MONITOR HETERODYNE 
MONITOR) 

(DI TEST SET RF OUTPUT (VIEWED USING 
13505A HETERODYNE MONITOR) 

13505A DIODE MONITOR) 

( C )  HOI-8614A SIGNAL GENERATOR RF 

(E) m r  SET RF o u r p u r  (VIEWED USING 

Figure 3. Generotion of ATC Ground Stetion 
Signal (Time Axis 1 Microsecond 

per Centimeter) 
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sary to bias the modulator within the
generator to some level below the
full on condition. The bias which is
derived from the H03·8714A Modu~

lator, can be made to vary the ~F

output over a range of several db by
means of a control available at the
front panel. In practice, the level
which is set corresponds to the Test
Sct calibrated CW output.
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ulation is essenlially independent of
frequency and. in actual use, when
set at one frequency. will hold across
the entire frequency range of 950 to
1250 me.

TIle video signals required to ac
tuate the H03-8714A Modulator are
derived from equipment external to
the 8925A Test Set. such as the Col
lins 5780-1 Test Set (OME) or
578X-l Test Set (ATC). These units

provide pulse coded video signais
which simulate OME/ATC ground
emission information as regards to
pulse spacing. repetition rate. num
ber of pulses, and, to some extent,
pulse shape.

In tbe case of ATC, it is required
that the second pulse of a train of
two or three pulses be varied in am
plitude from + I to -10 db relative
to the amplitude of the first pulse.
The special circuitry within the H03
8714A Modulator provides this capa
bility by generating a video gate (Fig~

ure 3B), which is related in time to
the second pulse of the video pulse
train and adjustable in amplitude by
means of a front panel control. This
video gate pulse is returned to the
modulator in the HOI·8614A Signal
Generator where it effectively modu
lates the RF signal upward or down~

ward the desired amount (Figure
3C). The generator output, then, is
modulated by the H03-8714A whicb
turns completely on for each pulse
(Figure 3D). The resulting pulse am
plitudes are determined by the pre
viously modulated generator output.
The linearity of the H03-8714A in
ternal circuitry is such that the front
panel control is calibrated in 0.5 db
increments over the range of +1 to
~IO db and is accurate to ±O.5 db.
It is apparent that in order to permit
the upward modulation. it is neces-
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Modulator
The RF output of the Signal Gen

erator is fed to an -hp- H03"8714A
solid state Modulator. Like the mod
ulmor in the Signal Generator. this
instrument employs e1ectrical1y con
trolled PIN diodes mounted in a strip
transmission line. Modulation is ac·
complished by varying the attenua
tion of the strip line. The H03-8714A
is an extensively modified version of
the -hp-- 8714A. Special front panel
controls and connectors are provided
and special pulse shaping circuitry is
included. The pulse shaping circuitry
is necessary to compensate for the
inherently fast prN diode switching
time (of lIle order of 10 ns), per
mitting the RF envelope 10 closely
reproduce the video modulating sig
nals. The linearity of the modulator
is approximately ± 5% over the
upper 30 db of the dynamic range.
This method of post generation mod-

rcctly the system output into 50 ohms
over the range of ~ 10 to -120 dbm.
The generator contains an internal
modulator which employs PI diodes
as essentially resistive modulator ele
ments. The frequency controls per
mit adjustment to within SO kc as the
frequency is simultaneously moni
tored and displayed by an ·hp 5245L
Frequency Counter in combination
with a 5254A (3.0 Gc) Frequency
Converter.
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T H E  N O T E B O O K  

While the DME system does not - require any differences of relative 
pulse amplitudes, a closely allied sys- 
tem, TACAN (Tactical Air Naviga- 
tion) does. The 8925A Test Set has 
provided means to simulate both. See 
Figs. 4 and 5. TACAN utilizes the 
basic DME pulse coded signal but, in 
addition, requires up to 55% ampli- 
tude modulation of the pulse train 
with a composite signal comprised of 
15 cps and 135 cps sine waves. This 
AM provides bearing information. 

While the 8925A Test Set is ca- 
pable of providing full TACAN R F  
signals, there is no currently available 
single source of synchronized pulse 
and sine wave signals. However, the 
video TACAN signal may be sim- 
ulated by using an audio oscillator 
(such as the -hp- 200CD) in con- 
junction with the Collins 5781)-1. 
The upward modulation requires that 
the H03-8714A Modulator be biased 
to a level, in the absence of AM, 
some 4 db below the full on condi- 
tion. The bias is derived internal to 
the Modulator and, as in the ATC 
case, a control available at the front 
panel permits variation of the RF  
output over a range of several db. 
In practice, this is set to a level cor- 
responding to the Test Set calibrated 

Another control, available at the 
front panel of the H03-8714A Mod- 
ulator, permits variation of the Test 
Set CW output signal over a range 
of several db. This allows ease of 
recalibration after extended periods 
of use. 

Isolator-Monitor 
The simulated ground station RF  

signal is fully generated at this point. 
The BRC 13505A Isolator-Monitor 
connects the RF  signal to the air- 
borne instrument under test and mon- 
itors the signal for measurement pur- 
poses. In the normal mode of opera- 
tion, the incoming RF  signal is passed 
through a low attenuation path (ap- 
proximately 1 db) of a properly ter- 
minated four-port circulator, through 
a coaxial switch .electrically actuated 
from the front panel, to the output 
connector. It .is the signal level at 
this connector for which the H01- 
8614A Signal Generator attenuator 
is calibrated. A cable from this point 
to the antenna jack of the receiver/ 
transmitter under test completes the 
path. The transmitter signal, gener- 

LJ 

cw output. 

A 

(') i 
( A )  VIDEO SIGNAL APPLIED TO H03-8714A 

MODULATOR 

13505A HETERODYNE MONITOR) 

13505A DIODE MONITOR) 

Figure 4. Generation of DME Ground Station 
Signal (Time Axis 2 Microseconds 

per Centimeter) 

(0) TEST SET RF OUTPUT (VIEWED USING 

(c) TEST SET RF ourpur (VIEWED USING 

ally of high peak power (up to 2000 
watts), returns by way of the same 
route, but is isolated from the equip- 
ment preceding the 13505A by the 
30 db minimum insertion loss of the 
circulator in 'this direction. Some of 
the transmitter signal is available at 
the remaining two ports of the cir- 
culator, and, after suitable attenua- 
tion, is 6rought out at the 13505A 
front panel for frequency and power 
measurements. 

When the 13505A is used as a 
monitor, the test signal is diverted 
from the output connector by means 
of the coaxial switch and routed to 
the monitoring circuits. Because the 
load is removed from the antenna 
jack of the transmitter under this 
condition of operation, a pair of in- 
terlock terminals are provided on the 
13505A rear panel which may be 
used to automatically de-energize the 
transmitter, if so desired. Two moni- 
toring modes are available by opera- 
tion of the front panel switch: a 
linear heterodyne mixer and a diode 
detector. 

When the 13505A is operated as 
a heterodyne monitor, the signal from 
an internal oscillator operating at 
1025 mc is mixed with the test signal 

A A 

(Aj VIEWED USING 13505A HETERODYNE 

(6) VIEWED USING 13505A DIODE MONITOR 

Figure 5. Simulated TACAN Ground Station 
Signal (Approx. 45% AM - Time Axis 

2 Microseconds per Centimeter) 

MONITOR 

and the difference frequency (IF),  
either plus or minus, is delivered to 
an amplifier. The combined circuitry 
has a bandwidth, at the 3 db points, 
of approximately 10 mc. The 1025 
'mc frequency was chosen because it 
lies between the frequencies of the 
middle DME ground station channels 
(channels 61, 62, and 63) and the 
ATC beacon frequency of 1030 mc. 
Thus, the difference frequency in 
either case will fall within the pass 
band of the amplifier. Best results 
are obtained, naturally, when the IF 
frequency is centered in the amplifier 
pass band. Actually, a region of 
about 4 mc in range gives equally 
good results due to the presence in 
the mixer output of vestigal sidebands 
which extend far beyond the ampli- 
fier frequency limits. This being the 
case, if the IF frequency is not cen- 
tered within the amplifier pass band, 
the sidebands which are not passed 
on one side of the IF frequency are, 
in part, made up for by the addi- 
tional sidebands passed on the other 
side of the IF frequency. This, in ef- 
fect, increases the apparent band- 
width of the mixer-amplifier combi- 
nation. The output of the heterodyne 
monitor is .available at the 13505A 
front panel for viewing on a suitable 
oscilloscope (such as the -hp- 175A). 
A minimum of l v  peak to peak is 
obtained when the Test Set signal is 
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While the DME system does not
........, require any differences of relative

pulse amplitudes, a closely allied sys
tem, TACAN (Tactical Air Naviga
tion) does. The 8925A Test Set has
provided means to simulate both. Sec
Figs. 4 and 5. TACAN utilizes the
basic DME pulse coded signa! but, in
addition, requires up to 55% ampli
tude modulation of the pulse train
with a composite signal comprised of
15 cps and 135 cps sine waves. This
AM provides bearing information.

While the 8925A Test Set is ca
pable of providing full TACAN RF
signals, there is no currently available
single source of synchronized pulse
and sine wave signals. However, the
video TACAN signal may be sim
ulated by using an audio oscillator
(such as the -hp- 200CD) in con
junction with the Collins 5780-1.
The upward modulation requires that
the H03-8714A Modulator be biased
to a level, in the absence of AM,
some 4 db below the full on condi
tion. The bias is derived internal to
the Modulator and. as in the ATC
case. a control available at the front
panel permits variation of the RF

'- omput over a range of several db.
In practice, this is set to a level cor
responding to the Test Set calibrated
CW output.

Another control, available at the
front panel of the H03-8714A Mod
ulator, permits variation of the Test
Set CW output signal over a range
of several db. This allows ease of
recalibration after extended periods
of usc.

Isolator-Monitor
The simulated ground station RF

signal is fully generated at this point.
The BRC 13S0SA Isolator-Monitor
connects the RF signal to the air
borne instrument under test and mono
itors the signal for measurement pur
poses. In the normal mode of opera
tion, the incoming RF signal is passed
through a low attenuation path (ap
proximately I db) of a properly ter
minated four-port circulator, through
a coaxial switch .electrically actuated
from the front panel, to the output
connector. It .is the signal level at
this connector for which the HOI·
8614A Signal Generator attenuator

'- is calibrated. A cable from Ihis point
to the antenna jack of the receiverI
transmilter under test completes the
path. The transmitter signal, gener-
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ally of high peak power (up to 2000
walts), returns by way of the same
route, but is isolated [rom the equip
ment preceding the 1350SA by the
30 db minimum insertion loss of the
circulator in "this direction. Some of
the transmitter signal is available at
the remaining two ports of the cir
culator, and, after suitable attenua~

tion, is brought out at the 1350SA
front panel for frequency and power
measurements.

When the 13S0SA is used as a
monitor, the test signal is diverted
from the output connector by means
of the coaxial switch and routed to
the monitoring circuits. Because the
load is removed from the antenna
jack of the transmitter under this
condition of operation, a pair of in
terlock terminals are provided on the
1350SA rear panel which may be
used to automatically de-energize the
transmitter. if so desircd. Two moni
toring modes are available by opera
tion of the front pancl switch: a
linear heterodyne mixer and a diode
detector.

When the 13S0SA is operated as
a heterodyne monitor, the signal from
an internal oscillator operating at
1025 mc is mixed with the test signal

3
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and the difference frequency (IF),
either plus or minus, is delivered to
an amplifier. The combined circuitry
has a bandwidth, at the 3 db points.
of approximately 10 me. The 1025
'mc frequency was chosen because it
lies between the frequencies of the
middle DME ground station channels
(channels 61, 62. and 63) and the
ATe beacon frequency of 1030 me.
Thus, the difference frequency in
either case will fall within the pass
band of the amplifier. Best results
are obtained, naturally, when the IF
frequency is centered in the amplifier
pass band. Actually, a region of
about 4 me in range gives equally
good results due to the presence in
the mixer output of vestigal sidebands
which extend far beyond the ampli
fier frequency limits. This being the
case. if the IF frequency is not cen
tered within the amplifier pass band.
the sidebands which are not passed
on one side of the IF frequency are.
in part. made up for by the addi
tional sidebands passed on the other
side of the IF frequency. This. in ef
fect, increases the apparent band
width of the mixer-amplifier combi
nation. The output of the heterodyne
monitor is .available at the 13505A
front panel for viewinl!: on a suitable
oscilloscope (such as the -hp- 175A).
A minimum of Iv peak to peak is
obtained when the Test Set si.e;nal is
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-10 dbm, and the presentation is 
linear within t 0 . 5  db over the range 
of test signal levels of +4 to -10 
dbm. This provides an accurate 
means of relative amplitude measure- 
ments such as are required for set- 
ting the ATC side lobe suppression 
pulse and the percent amplitude mod- 
ulation of the TACAN signal. 

The bandwidth of the heterodyne 
monitor is more than adequate for 
making pulse shape measurements of 
the DME (or TACAN) pulses, 
which have rise and fall times of 2.5 
p s  nominally. However, in the case 
of ATC pulses, which may have rise 
and fall times of 50 ns, an error of 
up to +40% could result. For accu- 
rate measurement of the ATC pulse 
shape, it is recommended that a 
sampling type oscilloscope (such as 
the -hp- 185B) be used to directly 
observe the H25A DME/ATC Test 
Set output signal. 

It should be mentioned, that, due 
to the frequency independence of the 
PIN modulator units, pulse settings 
made using the heterodyne monitor 
(that is with the H01-8614A Signal 
Generator tuned to the restricted 
band of frequencies which provide a 
heterodyne signal), will remain con- 
stant at any other frequency to which 
the generator is set. Nevertheless, 
should it be desired to employ the 
heterodyne principle at any other fre- 
quency, provision is made on the 
back panel of the 13505A Isolator- 
Monitor for the substitution of an 
external oscillator (capable of 60 mw 
output power) for the internal oscil- 
lator. Also, the internal oscillator is 
capable of being tuned over a small 
range of approximately 55mc by a 
control available at the 13505A back 
panel. 

When operating the 13505A as a 
diode monitor, the internal oscillator 
is turned off and the mixer then be- 
comes a diode detector with an out- 
put amplified by the same %amplifier 
discussed previously. A minimum of 
+'O.lv peak is obtained at the 
13505A front panel for a Test Set 
signal of -10 dbm at any frequency 
within the range of the Test Set. As 
with most diode detectors, the output 
is not a linear presentation and care 
must be exercised when using it for 
making measurements. (See Fig. 6 )'. 
The relationship between the diode 
monitor output and the Test Set RF  
signal may be readily examined by 

Figure 6. Comparison of Diode Monitor and 
Heterodyne Monitor Displays of the Same RF 

Signal (Time Axis 1 Microsecond 
per Centimeter) 

varying the Signal Generator atten- 
uator in fixed amounts and poting 
the corresponding changes in the 
diode monitor output amplitude. 
While it is not as accurate as the 
heterodyne monitor, the diode moni- 
tor does provide a rapid means of 
making relative measurements at any 
frequency within the range of the 
Test Set. This signal is also used 
when calibrating the overall DME 
system (including the 578D-1 video 
modulator) delay. 

With the 13505A operating in the 
normal mode, portions of the trans- 
mitter power are available at the 
front panel Wavemeter and Pwr 
Meter connectors. The amounts of 
power available are controlled by the 
inclusion of fixed precision atten- 
uators within the 13505A. 

Peak Power Calibrator 
A BRC 8900B Peak Power Cali- 

brator is connected to the Pwr Meter 
output of the 13505A. This is a pro- 
duction unit specially calibrated to 
account for variations in attenuation 
in the system (including cables) pre- 
ceding it. The unit will read peak 
power of 100 to 2000 watts over the 
frequency range of 960 to 1215 mc 
to an accuracy of -+ 1.2 db. The accu- 
racy of measurement may be im- 
proved to t 0 . 6  db with special cali- 
bration. Should measurement of other 
power ranges be desired, it may be 
accomplished by changing the fixed 
attenuation within the 13505A. This 
would be handled on a special order 
basis. For peak powers in excess of 
2000 watts, the user may, with some 
degradation of accuracy, insert ad- 
ditional attenuation between the 
13505A and 8900B, external to the 
system. 

In making a power measurement, 
the 8900B basimcally compares the 

demodulated pulse envelope of the 
signal to be measured and the output 
from an internal dc reference supply. 
A mechanical chopper permits both 
signals to be viewed simultaneously 
using a suitable oscilloscope (-hp- 
175A). The dc reference is adjusted, 
by means of a front panel control, to 
be equal in amplitude to the demod- 
ulated pulse. The resulting dc refer- 
ence is indicated on the front panel 
meter, which is calibrated to read 
peak R F  power. Provision is made 
for readily recalibrating the instru- 
ment against an external bolometer 
or calorimeter. 

The 8900B also provides a means 
for monitoring the transmitter out- 
put pulses. The demodulated pulse is 
brought to a back panel connector 
through a two-stage emitter follower. 
By means of intercabling, this signal 
is available at the Xmtr. Monitor 
connector on the front panel of the 
13505A for monitoring purposes, 
and, in the case of DME, as the de- 
modulated transmitter interrogation 
signal required by the 578D-1 for 
distance measurement. 

- 

Wavemeter 

connected to the Wavemeter con- 
nector on the front panel of the 
13505A and is used to measure the 
frequency of the pulsed output signal 
of the ATC transmitter. The instru- 
ment is composed of a transmission 
type tuneable wavemeter and asso- 
ciated metering circuitry. The front 
panel meter indicates a peak reading 
when the cavity is tuned to the in- 
coming frequency. This frequency 
can be read to within 20.5 mc di- 
rectly from a dial calibrated in 0.5 
mc increments from 1070 to 1110 
mc. The sensitivity of the unit is ad- 
justed for individual Test Set losses, 
so that meter indications are obtained 
for any ATC transmitter signal 
within the specified frequency range 
and within the peak power limits of 
250 to 1000 watts. A video output 
is provided whereby the detected cav- 
ity output may be monitored with a 
suitable oscilloscope for frequency 
measurements of signals having peak 
power as low as 10 watts. 

Interconnecting Cables 

892SA DME/ATC Test Set takes 
into account all the known system 
losses and the many interfaces which 

The BRC 8905A Wavemeter is - 

Because the calibration of the - 
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- 10 dbm. and the presentation is
linear within ±0.5 db over the range
of test signal levels of +4 to -10
dbm. This provides an accurate
means of relative amplitude measure
ments such as are reQuired for set
ting the ATC side lob<: suppression
pulse and the percent amplitude mod
ulation of the TACAN signal.

The bandwidth of the heterodyne
monitor is more than adequate for
making pulse shape measurements of
the DME (or TACAN) pulses,
which have rise and faU times of 2.5
/is nominally. However, in the case
of ATC pulses, which may have rise
and fall times of 50 ns, an error of
up to +4070 could result. For accu
rate measurement of the ATC pulse
shape, it is recommended that a
sampling type oscilloscope (such as
the -hp- 185B) be used to directly
observe the 9925A DME/ATC Test
Set output signal.

It should be mentioned, that, due
to the frequency independence of the
PIN modulator units, pulse settings
made using the heterodyne monitor
(that is with the HOI-8614A Signal
Generator tuned to the restricted
band of frequencies which provide a
heterodyne signal), will remain con
stant at any other frequency to which
the generator is set. Nevertheless,
should it be desired to employ the
heterodyne principle at any other fre
quency, provision is made on the
back panel of the 13505A Isolator
Monitor for the substitution of an
external oscillator (capable of 60 mw
output power) for the internal oscil
lator. Also. the internal oscillator is
capable of being tuned over a small
range of approximately ± 5me by a
control available at the 13505A back
paneL

When operating the 13505A as a
diode monitor. the internal oscillator
is turned off and the mixer then be
comes a diode detector with an out
put amplified by the same amplifier
discussed previously. A minimum of
+O.lv peak is obtained at the
13505A front panel for a Test Set
signal of -10 dbm at any frequency
within the range of the Test Set. As
with most diode detectors. the output
is not a linear presentation and care
must be exercised when using it for
makine measurements. (See Fig. 6)'.
The relationship between the diode
monitor output and the Test Set RF
signal may be readily examined by

,;gu,. <I. C..mp...ioo" ..I Di..d. M..,,;,... fI"d
H.,••ody". M.."i,.., Di.pJ..y • .. f '11. S..m. rq

Sig".. , (Tim. A"i. 1 Mi<,....<.."d
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varying the Signal Generator atten
uator in fixed amounts and noting
the corresponding changes in the
diode monitor output amplitude.
While it is not as aceurate as the
heterodyne monitor, the diode moni
tor does provide a rapid means of
making relative measurements at any
frequency within the range of the
Test Set. This signal is also used
when calibrating the overall DME
system (including the 578D-l video
modulator) delay.

With lhe 13505A operating in the
normal mode. portions of the trans
mitter power are available at the
front panel Wavemeter and Pwr
Meter connectors. The amounts of
power available are controlled by the
inclusion of fixed precision atten
uators within the 13505A.

Peak Power Calibrator
A BRC 8900B Peak Power Cali

brator is connected to the Pwr Meter
output of the l3505A. This is a pro
duction unit specially calibrated to
account for variations in attenuation
in the system (inciudin~ cables) pre
ceding it. The unit will read peak
power of 100 to 2000 watts over the
frequency range of 960 to 1215 mc
to an accuracy of ± 1.2 db. The accu
racy of measurement may be im
proved to ±0.6 db wjth special cali
bration. Should measurement of other
power ranges be desired. it may be
accomplished by changing the fixed
attenuation within the 13505A. This
would be handled on a sPecial order
basis. For peak powers in excess of
2000 watts, the user may, with some
degradation of accuracy. insert ad
ditional attenuation between the
13505A and 8900B. external to the
system.

In making a power measurement,
the 8900B basically compares the
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demodul.:l.ted pulse envelope of the
signal to be measured and the output
from an internal dc reference supply.
A mechanical chopper permits both
signals to be viewed simultaneously
using a suitable oscilloscope (-hp
175A). The dc reference is adjusted,
by means of a front panel control, to
be equal in amplitude to the demod~

ulated pulse. The resulting dc refer
ence is indicated on the front panel
meter, which is calibrated to read
peak RF power. Provision is made
for readily recalibrating the instru
ment against an external bolometer
or calorimeter.

The 8900B also provides a means
for monitoring the transmitter out
put pulses. The demodulated pulse is
brought to a back panel connector
through a two-stage emitter follower.
By means of intercabling, this signal
is available at the Xmtr. Monitor
connector on the front panel of the
13505A for monitoring purposes,
and, in the case of DME, as the de
modulated transmitter interrogation
signal required by the 5780-1 for
distance measurement.

Wavemeter
The BRC 8905A Wavemeter is

connected to the Wavemeter con
nector on the front panel of the
I3505A and is used to measure the
frequency of the pulsed output signal
of the ATC transmitter. The instru
ment is composed of a transmission
type tuneable wavemeter and asso
ciated metering circuitry. The front
panel meter indicates a peak reading
when the cavity is tuned to the in~

coming frequency. This frequency
can be read to within ±0.5 mc di
rectly from a dial calibrated in 0.5
mc increments from 1070 to 1110
mc. The sensitivity of the unit is ad
justed for individual Test Set losses,
so that meter indications are obtained
for any ATC transmitter signal
within the specified frequency range
and within the peak power limits of
250 to 1000 watts. A video output
is provided whereby the detected cav
ity output may be monitored with a
suitable oscilloscope for frequency
measurements of signals having peak
power as low as 10 watts.

Interconnecting Cables
Because the calibration of the

8925A DME/ATC Test Set takes
into account all the known system
losses and the many interfaces which

-
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exist, the oyer-all system accuracy is 
dependent upon all critical intercon- 
necting cables remaining in their 
proper locations. To insure this, all 
cables and their associated connec- 
tors are color coded. 
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CONCLUSION 
The 8925A is the most complete 

and universal Test Set available for 
the checking of DME and ATC air- 
borne equipment and, because of its 
building block construction, is read- 
ily adaptable to many special applica- 
tions. Its high degree of stability and 
continuous frequency tuning are 
highly desirable features when re- 
garded in the light of possible future 
expansion of the DME system; i.e., 
channel splitting. 

The Test Set is the result of a 
Hewlett-Packard corporate effort and 
the responsible groups are deserving 
of recognition. Individual instruments 
which form part of the Test Set and 
the divisions responsible for their 
development are listed below. 

Instrument -hp- Division 
5245L Electronic Frequency and 

Counter Time Division 
5254A Frequency Frequency and 

Converter Time Division 
H01-8614A Signal Microwave 

Generator Division 
H03-8714A Modulator Microwave 

Division 
135054 Isolator-Monitor Boonton Radio 

Division 
8900B Peak Power Boonton Radi,o 

Calibrator Division 
8905A Wavemeter Boonton Radio 

Division 
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X-Y Plotting with the Types 202H and J 
FM-AM Signal Generators 

CHARLES W. QUINN, 

INTRODUCTION 
A rear panel jack on the Types 

202H and 202J FM-AM Signal Gen- 
erators provides a means for intro- 
ducing an external dc voltage to con- 
trol the output frequency over a lim- 
ited range. The jack permits direct 
coupling, at low rates, to the reac- 
tance tube modulator in the gener- 
ator. This feature, together with the 
improved linearity, automatic level- 
ing, and low FM noise characteris- 
tics of these generators, opens the 
door to applications new to the FM 
signal generator art. 

Two major areas of application 
which make use of the direct-couple 
feature of the 202H and J signal gen- 
erators will be discussed in this ar- 
ticle. One area deals with tests and 
measurements that can be made with 
the signal generator connected with 
an X-Y Plotter. The other area of 
application involves tests and meas- 
urements that can be made with the 
signal generator connected in an au- 
tomatic frequency control setup or 
system. 

X-Y PLOTTER APPLICATION 
The aforementioned features of the 

202H and J signal generators, to- 
gether with the advantages of the 
X-Y Plotter; i.e., large display, ex- 
tremely good linearity, permancy, 
and reproducibility, make these in- 
struments an excellent combination. 
In this application, sweep widths 
from a few kc to 1 md are possible. 
This pair of instruments, plus a 207H 
Univerter and a 230A Power Ampli- 
fier used as a doubler, yields a po- 
tential frequency range of 100 kc to 
500 mc for the applications to be 
discussed in this article. 

The auxiliary equipment required 
depends on the specific test to be 
made. This equipment will be listed 
as each application is discussed. 

The major areas of X-Y Plotter 
application are receiver testing and 
narrow-band filter testing. 

Applications Engineer 

-hp.5245L COUNTER 

-hp-52538 FREP. 
CONVERTER 

BRC 202 H/J 
SIGNAL GENERATOR 

X-Y PLOTTER 

Figure I .  Setup for Checking Discriminator 
Outpuf vs. Frequency 

Receiver Testing 
Receiver tests that can be made to 

advantage with the 202H/J and X-Y 
Plotter are as follows: 

1. Selectivity or bandwidth versus 
frequency and input. 

2. Discriminator output versus fre- 
quency. 

3. AGC or detector voltage versus 
input level or overload character- 
istics. 

4. Audio,lvideo output versus in- 
put level. 

5. Audio/video fidelity or re- 
sponse versus level. 

The first tests to be discussed will 
be those tests which use a minimum 
of equipment; i.e., selectivity or 
bandwidth versus frequency and RF  
input level, and discriminator output 
versus frequency. If it is assumed 
that the receiver to be tested is in the 
range of the 202H and J, the con- 
nections and equipment are shown in 
Fig. 1. The Plotter may be a Moseley 
Type 2D, 135, etc. The.Y axis input 
to the Plotter is connected to the AM 
detector, limiter grid, or discrimi- 
nator output. The X axis input is con- 
nected to the variable dc source. The 
simplest form of variable dc is a 
multi-turn variable potentiometer of 
approximately 10,000 ohms and two 
6-volt batteries connected as shown 
in Fig. 2. This supply will produce 
approximately 600 kc sweep on the 
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THE NOTEBOOK
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Division
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Division
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CONCLUSION
The 8925A is the most complete

and universal Test Set available for
the checking of DME and ATC air
borne equipment and, because of its
building block construction, is read
ily adaptable to many special applica
tions. Its high degree of stability and
continuous frequency tuning are
highly desirable features when re
garded in the light of pOSsible future
eJIpansion of the DME system; i.e.•
channel splitting.

The Test Set is the result of a
Hewlell-Packard corporate effort and
the responsible groups are deserving
of recognition. Individual instruments
which form part of the Test Set and
the divisions responsible for their
development are listed below.
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Receiver Testing
Receiver tests thai can be made to

advantage with the 202H/J and X-V
Plotter are as follows:

I. Selectivity or bandwidth versus
frequency and input.

2. Discriminator output versus fre
quency.

3. AGC or detector voltage versus
inpul level or overload character
istics.

4. Audio/video output versus in+
put level.

5. Audio/video fidelity or re
sponse versus level.

The first lests to be discussed will
be those tests which use a minimum
of equipment; Le.. selectivity or
bandwidth versus frequency and RF
input level. and discriminator output
versus frequency. If it is assumed
that the receiver to be tested is in the
range of the 202H and J, the con
nections and equipment are shown in
Fig. I. The Plotter may be a Moseley
Type 20, 135. etc. The. Y axis input
to the Plouer is connected to the AM
detector, limiter grid, or discrimi
nator output. The X axis input is con+
neeted 10 the variable de source. The
simplest form of variable dc is a
multi-turn variable potentiometer of
approximately 10,000 ohms and two
~volt batteries connected as shown
in Fig. 2. This supply will produce
approximately 600 kc sweep on the
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INTRODUCTION
A rear panel jack on the Types

202H and 202J FM-AM Signal Gen
erators provides a means for intro
ducing an external de vollage to con
trol the output frequency over a lim
ited range. The jack permits direct
coupling, at low rates, to the reac
tance lUbe modulator in the gener
ator. This feature, together with the
improved linearity, a~tomatic lcv71
ing, and low FM nOise characteris
tics of these generators, opens the
door to applications new to the FM
signal generator art.

Two major areas of application
which make usc of the direct-couple
feature of the 202H and J signal gen
erators will be discussed in this ar
ticle. One area deals with tests and
measurements Ihat can be made with
the signal generator connected with
an x-v Plotter. The other area of
application involves tests and meas
urements that can be made with the
signal generator connected in an au
tomatic frequency control setup or
system.

x-v Plotting with the Types 202H and J

FM-AM Signal Generators

CHARLES W. QUINN, Applications Engineer

x·y PLOnER APPLICATION
The aforemen.tioncd features of the

202H and J signal generators, to
gether with the advantages of the
X-V Plotter; i.e., large display, ex
tremely good linearity, permancy,
and reproducibility, make these in
struments an excellent combination.
In this application, sweep widths
from a few kc to 1 mC are possible.
This pair of instruments, plus a 207J:i
Univerter and a 230A Power Arnph
fier used as a doubler, yields a p0
tential frequency range of 100 kc to
500 mc for the applications to be
discussed in this article.

The auxiliary equipment required
depends on the specific test to be
made. This equipment will be listed
as each application is discussed.

The major areas or X·Y Plotter
application are receiver testing and
narrow-band filter testing.
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202H low band, and about 1200 kc 
on the 202H high band and the 2025. 
Reference to the dc FM input curve 
(Fig. 3) will indicate how to opti- 
mize this sweep if necessary. (A func- 
tion generator, such as the -hp- 202A, 
could be used in place of the dc 
source described above.) With the 
equipment connected as shown in Fig. 
1, typical curves, such as those shown 
in Figs 4 and 5 can be plotted. 

Calibration of Scales 
Before the data in the plotted 

curves can be of value, the X and Y 
axes must be calibrated. The vertical 
scale can usually be read directly, 
using the indicated sensitivity on the 
Y amplifier controls. If more pre- 
cise calibration is necessary, an -hp- 
412A DC Voltmeter may be used in 
shunt with the Y terminals. 

The horizontal X axis may be cal- 
ibrated in a number of ways, depend- 
ing upon the accuracy required and 
the equipment available. The curve 
in Fig. 3 could be plotted as a func- 
tion of the X input sensitivity, as in- 
dicated by the calibration on the X 
amplifier controls. A much more pre- 
cise method, however, utilizes a crys- 
tal calibrator or an -hp- 5243L or 
5245L counter with an -hp- 5253B 
Converter plug-in. Fig. 1 shows the 
setup using the counter. Note that ad- 
ditional attenuators are necessary if 
continuous frequency monitoring is 
desirable. This enables the counter to 
operate at a reasonable level with the 
202H and J. The Type 202JA has 
50 mv available for continuous 
monitoring. 

It is good practice to calibrate the 
frequency or X axis beginning at the 
most important point, usually the 
center, peak, or zero crossing, de- 
pending upon the curve being plotted. 
There are a number of choices in the 
method of marking. Two possibilities 
are given below. 

1. Retrace the curve with “pen up” 
and mark a vertical line at the desired 
frequency increments, using the Y 
axis “Zero” control and the “pen 
up/down” control. This procedure 
produces a trace marked as shown in 
Fig. 4. 

2. After checking that the refer- 
ence point is at the desired location, 
reduce the Y signal to zero. Sweep 
the signal generator through the same 
limits and mark the desired incre- 

d t 6 V T O  0 T O - 6 V  
D C  

Figure 2. Variable DC Source Using 
Multi-turn Variable Potentiometer 

ments with a vertical line, using the 
Y axis “Zero” control. This proce- 
dure produces a trace calibration as 
shown in Fig. 4. 
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Figure 3 .  DC.FM Input Curve 

AUTOMATIC FREQUENCY 
CONTROL APPLICATION 

Since it is possible to feed a dc 
signal into the reactance tube mod- 
ulator directly through the DC FM 
INPUT jack, this dc signal might 

easily be an error signal which is a 
function of some reference frequency. 
This arrangement, shown in block di- 
agram form in Fig. 6, is helpful in 
reducing the frequency drift per hour 
of the 202H and J signal generators 
by a significant factor. Frequency sta- 
bility of 0.001% per hour is easily 
obtainable with this setup. This im- 
proved stability is valuable in the 
testing of narrow band (about 10 kc) 
systems where drift is a problem. 
System frequency can also be meas- 
ured more precisely on a continuous 
basis with this method, utilizing 
a frequency counter connected as 
shown in Fig. 6. At this point, it is 
well to point out that the AFC cor- 
rection .is not instantaneous. In fact, 
there is a time constant of approxi- 
mately one-half second, so that short- 
term frequency changes, such as FM 
modulation rates, are not cancelled 
out by the AFC loop. This permits all 
of the standard tests to be performed 
while the long-term drift is corrected. 

Phase Locking 
A slight modification in the area of 

the DC FM INPUT circuit will per- 
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Figure 5 .  Overall Receiver Selectivity Curve 
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obtainable with this setup. This im·
proved stability is valuable in the
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systems where drift is a problem.
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rection.is not instantaneous. .In fact.
there is a time constant of approxi
mately one-half second, so that short
term frequency changes. such as FM
modulation rates, are not cancelled
out by the AFC loop. This permits all
of the standard tests to be performed
while the long-term drift is corrected.
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ments with a vertical line, using the
Y axis "Zero" control. This proce
dure produces a trace calibration as
shown in Fig. 4.
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Since it is possible to feed a dc
signal into the reactance tube mod
ulator directly through the DC FM
INPUT jack. this dc signal might
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Calibration of Scales
Before the data in the plotted

curves can be of value, the X and Y
axes must be calibrated. The vertical
scale can usually be read directly,
using the indicated sensitivity on the
Y amplifier controls. If more pre
cise calibration is necessary, an -hp
412A DC Voltmeter may be used in
shunt with the Y terminals.

The horizontal X axis may be cal
ibrated in a number of ways, depend
ing upon the acc'uracy required and
the equipment available. The curve
in Fig. 3 could be plotted as a func
tion o( the X input sensitivity, as in
dicated by the calibration on the X
amplifier controls. A much more pre
cise method, however, utilizes a crys
tal calibrator or an -hp- 5243L or
5245L counter with an -hp- 5253B
Converter plug-in. Fig. I shows the
setup using the counter. Note that ad
ditional altenuators are necessary if
continuous frequency monitoring is
desirable. This enables the counter to
operate at a reasonable level with the
202 Hand J. The Type 2021A has
50 mv available (or continuous
monitoring.

It is good practice to calibrate the
frequency or X axis beginning at the
most important point, usually the
center, peak. or zero crossing, de
pending upon the curve being plotted.
There are a number of choices in the
method of marking. Two possibilities
are given below.

I. Retrace the curve with "pen up"
and mark a vertical line at the desired
frequency increments, using the Y
axis "Zero" control and the "pen
up/down" control. This procedure
produces a trace marked as shown in
Fig. 4.

2. After checking that the refer
ence point is at the desired location.
reduce the Y signal to zero. Sweep
the signal generator through the same
limits and mark the desired incre-

202H low band, and about 1200 kc
on the 202H high band and the 202J.
Reference to the de FM input curve
(Fig. 3) will indicate how 10 opti
mize this sweep if necessary. (A func
tion generator, such as the -hp- 202A,
could be used in place of the de
source described above.) With the
equipment connected as shown in Fig.
I, typical curves, such as those shown
in Figs 4 and 5 can be plotted.

•



T H E  N O T E B O O K  

L/ 
BRC 202 H/J 

SIGNAL GENERATOR ‘ DC FY INPUT 

I F  
OUTPUT 

-hp.524SL COUNTER 

- 
Figure 6. 

Setup for Automatic Frequency Control 

mit phase locking, to a suitable ref- 
erence, of the 202H and J signal gen- 
erators. This could considerably re- 
duce phase noise in critical applica- 
tions, but the FM function would be 
cancelled out by the phase lock loop. 
Frequency stability in this case would 
be that of the reference. 

, ,TO ATTENUATOR 
SHAFT 

Figure 7.  
Connections for Analog Output vs. Attenuator 

BRC 202 H/J FM / AM 

UNDER 
SIGNAL GENERATOR RECEIVER 

+(See Fig. 2) 
F p  MOSELEY 

SOURCE X-Y PLOTTER y *XIs 

X AXIS 

Figure 8. 
Setup for Checking RF lnput Level VI. Output 

T 

RF INPUT L E V E L  

Figure 9. 
Typiccil Output V I .  RF lnput Level Curves 

2D Plotter may be used; otherwise, 
an ac to dc converter or detector 
must be used to obtain a dc signal 
proportional to the audio/video output. 

Audio/Video Fidelity 
or Response 

If an audio/video oscillator with a 
dc analog output is available, such as 
the DYMEC Model DY-207A, re- 
sponse curves may be plotted directly. 

EASTERN SERVICE 
CENTER TO BE 

ESTABLISHED A T  BRC 
In order to provide improved parts 

and repair services for customers in 
the Eastern U.S., . the Hewlett-Pack- 
ard Company is establishing a new 
Eastern Regional Service Center at 
Boonton Radio Company in Rocka- 
way, N. J. The new facility will pro- 
vide complete parts support and an 
extensive factory-level instrument re- 
pair service. Parts and factory repair 
service will be available for all Hew- 
lett-Packard Company equipment and 
for equipment manufactured by -hp- 
Divisions; including BRC, Dymec, 
Moseley, and Sanborn. 

The new operation will be set up 
in the present BRC plant and will 
occupy about 25,000 square feet of 

Output Versus RF level space: 10,000 square feet for parts 
Using the equipment mentioned warehousing and repair areas and 

previously, there are other tests that 1,500 square feet for administrative 
can be made with the 202H and J functions. Approximately 90 em- 
signal generators and the X-Y Plotter. ployees will be hired to handle the 
It is a simple matter to connect a various administrative and technical 
double-ended precision potentiometer 
directly to the attenuator shaft by 
removing the knob. Using the circuit 
shown in Fig. 7, a voltage analogous 
to R F  input or attenuation can be 
obtained. The equipment is copnected 
as shown in Fig. 8. Typical curves are 
shown in Fig. 9. When the Y axis is 
a function of audio/video voltage, the 
“AC Voltage” position in the Type 

- 
tasks. 

Manager of the new service center, 
under the direction of Bill Myers, 
BRC General Manager, will be A1 
Thoburn, formerly manager of the 
materials handling group in the West- 
ern Service Center. Service Manager 
will be Bob Wolfe, who served as 
Service Manager for RMC Sales Di- 
vision in New York City. Dick Love, 

1, .Ai 
AI rhoburn Bob Wolf. 

Dick Love 

formerly parts manager at the West- 
ern Service Center, will be Parts 
Manager. 

It is expected that the new service 
center, scheduled to begin operations 
on August 17, will provide even bet- 
ter service to all our customers in the 
Eastern region of the country. 

E R W I N  C O N R A D  TO BE 
SERVICE ENGINEER 

Erwin Conrad joined BRC in Jan- 
uary of this year as Customer Service 
Supervisor, replacing Ray Tatman 
who has been on special assignment 
pending his return to Corporation 
headquarters in Palo Alto. Erwin 
came to BRC from the RMC Sales 
Division in New York. City, where 
he was Assistant Service Manager 
and had gained seven years of val- 
uable experience in the service of 
Hewlett-Packard products. In his 
present assignment as Customer Serv- 
ice Supervisor, he has been responsi- 
ble for all BRC factory repairs, re- 
placement parts, and general service 
support. 

With the establishment, in August, 
of the new Eastern Regional Service 
Center, announced in this issue, Er- 
win’s present operation will be in- 
tegrated into the service center and 
he will assume new duties as Service 
Engineer for all Boonton Radio prod- 
ucts. In this capacity, he will be re- 
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Output Versus RF Level
Using the equipment mentioned

previously, there are other tests that
can be made with the 202H and J
signal generators and the X-Y Ploner.
It is a simple matter to connect a
double-ended precision potentiometer
directly to the attenuator shaft by
removing the knob. Using the circuit
showl} in Fig. 7. a voltage analogous
to RF input or attenuation can be
obtained. The equipment is connected
as shown in Fig. 8. Typical curves are
shown in Fig. 9. When the Y axis is
a function of audio/video voltage, the
"AC Voltage" position in the Type

2D Plotter may be used; otherwise,
an ac to de converter or detcetor
must be used to obtain a dc signal
proportional [0 me .udio/video ourpur.

Audio/Video Fidelity
or Response

If an audio/video oscillator with a
de analog output is available, such as
the DYMEC Model DY-207A, re
sponse curves may be ploued directly.

EASTERN SERVICE
CENTER TO BE

ESTABLISHED AT BRC
In order to provide improved parts

and repair services for customers in
the Eastern U.S.,. the Hewlett·Pack
ard Company is establishing a new
Eastern Regional Service Center at
Boonton Radio Company in Rocka
way, N. J. The new facility will pro
vide complete parts suppon and an
extensive factory-level instrument re
pair service. Parts and factory r~pair

service will be available for all Hew
lett-Packard Company equipment and
for equipment manufactured by -hp
Divisions; including BRC, Dymec,
Moseley, and Sanborn.

The new operation will be set up
in the present BRC plant and will
occupy about 25,(X)() square feet of
space: IO,(X)() square feet for pans
warehousing and repair areas and
1,500 square feet for administrative
functions. Approximately 90 em
ployees will be hired to handle the
various administrative and technical
tasks.

Manager of the new service center,
under the direction of Bill Myers.
BRC General Manager, will be Al
Thoburn, formerly manager of the
materials handling group in the West·
em Service Center. Service Manager
will be Bob Wolfe, who served as
Service Manager for RMC Sales Di
vision in New York City. Dick Love,

Di<. Lov.

formerly parts manager at the West
ern Service Center. wilt be Parts
Manager.

It is expected that the new service
center, scheduled to begin operations
on August 17, will provide even bet·
ter service to all our customers in the
Eastern region of the country.

ERWIN CONRAD TO BE
SERVICE ENGINEER

Erwin Conrad joined BRC in Jan
uary of this year as Customer Service
Supervisor, replacing Ray Tatman
who bas been on special assignment
pending his return to Corporation
headquarters in Palo Alto. Erwin
came to BRC from the RMC Sales
Division in New York. City. where
he was Assistant Service Manager
and had gained seven years of val
uable experience in the service of
Hewlett-Packard products. In his
present assignment as Customer Serv
ice Supervisor, he has been responsi
ble for all BRC factory repairs. re
placement parts. and general service
support.

With the establishment, in August.
of the new Eastern Regional Service
Center, announced in this issue, Er
win's present operalion will be in
tegrated into the service center and
he will assume new duties as Service
Engineer for all Boonton Radio prod
ucts. In this capacity, he will be re·
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sponsible for aiding in the prepara- 
tion of field maintenance procedures 
and providing the necessary customer 
support and training for these instru- 
ments. H i s  duties will also include 
the preparation of Service Notes and 
other service publications, to better 
enable -hp- field repair stations and 
customers to properly maintain BRC 
products. 

Q CONTEST WINNER 
The IEEE Show at the Coliseum 

in New York in March found BRC‘s 
booth bustling with contest hopefuls 
al l  determined to “out-estimate” each 

other in the annual BRC “Guess the 
Q ’  contest. This year’s display coil 
was formed with heavy copper wire 
into a configuration not too unlike 
the BRC logograph. I t  proved chal- 
lenging to the parade of booth 

Bi l l  Myers, BRC General Manager, Presenfs Q 
Meter to Contest Winner George Engert 

visitors. 
The Q of the coil, it turns out, is 

242.6. This i s  the “indicated Q” and 
represents the average of ten meas- 
urements made at 10 mc on the Type 
260A Q Meter in the BRC Standards 
Laboratory. 

Winner of the contest, with an es- 
timate of 242.5, i s  George W. En- 
gert. Project Engineer with MEPCO, 
Inc. in Livingston, N. J. Runners-up 
are Alan Budner of U. S. A. Elec- 
tronic R & D Lab. (240); John Mul- 
queen of MEPCO, Inc. (246.5) ; and 
T. A. Metz of Polyphase Inst. Comp. 
(248). 

Mr. Engert was awarded a factory 
reconditioned Type 170A Q Meter 
at BRC on June 17. 

*ALBUQUERQUE, New Mexico 87108 
NEELY ENTERPRISES 
6501 Lomas Blvd., N.E. 
Tel:,(505) 2555586 
TWX: 505-243-8314 
ASBURY PARK, New Jersey 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
Tel: (201) 747-1060 

*ATLANTA 5, Georgia 30305 
SOUTHERN SALES DIVISION 
Hewlett-Packard Company 
3110 Maple Drive, N.E. 
Tel: (404) 233-1141 
TWX: 810-751-3283 
BALTIMORE, Maryland 21207 
HORMAN ASSOCIATES, INC. 
6660 Security Blvd. 
Tel: (301) 944-5400 

*BOSTON, Massachusetts 
YEWELL ASSOCIATES, INC. 
Middlesex Turnpike 
Burlington, Mass. 01804 
Tef: (617) 272-9000 
TWX: 710-332-0382 

*CHICAGO, I l l inois 60645 
CROSSLEY ASSOCIATES, INC. 
2501 W. Peterson Ave. 
Tel: (312) 275-1600 
TWX: 312-222-0311 

CROSSLEY ASSOCIATES, INC. 
5579 Pearl Road 
Tel: (216) 884-9209 
TWX: 216-888-0715 

*CLEVELAND, Ohio 44129 

*DALLAS, Texas 75209 
SOUTHWEST SALES DIVISION 
Hewlett-Packa rd  Company 
3605 lnwood Road 
Tel: (214) 357-1881 
TWX: 910-861-4081 

*DAYTON, Ohio 45409 
CROSSLEY ASSOCIATES, INC. 
1250 West Dorothy Lane 
Tel: (513) 299-3594 

*DENVER, Colorado 80222 
LAHANA & COMPANY 
P.O. Box 22065 
Belleview Valley Highway Intercharlge 
Tel: (303) 771-3455 
TWX: 303-771-3056 

*DETROIT, Michigan 48235 
CROSSLEY ASSOCIATES INC. 
14425 West Eight M i le  Rh. 
Tel: (313) 342-5700 
TWX: 313-342-0702 

TWX: 513-944-0090 

ENGLEWOOD, New Jersey 07631 
RMC SALES DIVISION 
Hewlett-Packard Company 
391 Grand Ave. 
Tel: (201) 567-3933 

HARRISBURG, Pennsylvania 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
Camp Hi l l ,  Penna. 17011 
Tel: (717) 737-6791 

*HARTFORD, Connecticut 
YEWELL ASSOCIATES, INC. 
589 Saybrook Road 
Middletown, Conn. 06458 
Tel: (203) 346-6611 
TWX: 203-346-7433 

SOUTHERN SALES DIVISION 
Hewlett-Packard Company 
1923 North Main  Street 
Tel: (919) 882-6873 
TWX: 510-926-1516 

*HIGH POINT, North Carolina 27262 

*HOUSTON, Texas, 77027 
SOUTHWEST SALES DIVISION 
Hewlett-Packard Company 
4242 Richmond Avenue 
Tel: (713) 667-2407 
TWX: 713-571-1353 
HUNTSVILLE, Alabama 35801 
SOUTHERN SALES DIVISION 
Hewlett-Packard Company 
Sui te 18, Holiday Off ice Center 
Tel: (205) 881-4591 
TWX: 510-579-2264 

*INDIANAPOLIS, Indiana 46205 
CROSSLEY ASSOCIATES, INC. 
3919 Meadows Drive 
Tel: (317) 546-4891 
TWX: 317-635-4300 

KANSAS CITY, Missouri 64131 
HARRIS-HANSON CO. 
7916 Paseo Street 
Tel: (816) 444-9494 
TWX: 816-556-2423 

LAS CRUCES, New Mexico 88001 
NEELY ENTERPRISES 
114 South Water St. 
Tel: (505) 526-2486 
TWX: 505-524-2671 

*LOS ANGELES, California 
NEELY ENTERPRISES 
3939 Lankershim Blvd. 
North Hollywood, Cal. 91604 
Tel: (213) 877-1282 
TWX: 910-499-2170 

LOUISVILLE, Kentucky 40216 
SOUTHERN SALES DIVISION 
Hewlett-Packard Company 
3411 Bardstown Road 
Tel: (502) 459-4140 
TWX: 810-535-3128 

*MONTREAL, P.Q.: Canada 
HEWLETT-PACKARD (CANADA) LTD. 
8270 Mayrand St. 
Tel: (514) 735-2273 

*NEW YORK, New York 10021 
RMC SALES DIVISION 
Hewlett-Packard Company 
236 East 75th St. 
Tel: (212) 879-2023 
TWX: 710-581-4376 

*ORLANDO, Florida 32803 
STILES SALES DIVISION 
Hewlett-Packard Company 
621 Gommonwealth Ave. 
Tel: (305) 425-5541 
TWX: 305-275-1234 
OTTAWA, Ontario, Canada 
HEWLETT-PACKARD (CANADA) L l  
1762 Carl ing Ave. 
Tel: (613) 722-8162 

*PHILADELPHIA, Pennsylvania 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
144 Elizabeth St. 
W. Conshohocken, Penna. 19428 
Tel: (215) 248-1600 
TWX: 215-828-3847 

*PHOENIX, Arizona 
NEELY. ENTERPRISES 
3009 N. Scottsdale Rd. 
Scottsdale. Ariz. 85251 
Tel: (602) 945-7601 
TWX: 602-949-0111 

*PITTSBURGH, Pennsylvania 
CROSSLEY ASSOCIATES, INC. 
2=45 Moss Side Blvd. 
Monroevil le, Pa. 15146 
Tel: (412) 271-5227 
TWX: 710-797-3650 
PORTLAND, Oregon 97201 
ARVA. INC. 
2035. S.W. 58th Ave. 
Tel: (503) 222-7337 

*POUGHKEEPSIE, New York 12601 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
82 Washington Street 
Tel: (914) 454-7330 
TWX: 914-452-7425 
RICHMOND, Virginia, 23230 
SOUTHERN SALES DIVISION 
Hewlett-Packard Company 
2112 Spencer Road 
Tel: (703) 282-5451 
TWX: 703-282-9986 
ROCHESTER, New York 14825 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
800 Linden Ave. 
Tel: (716) 381-4120 
TWX: 716-221-1514 

*SACRAMENTO, California 95614 
NEELY ENTERPRISES 
2591 Carlsbad Ave. 
Tel: (916) 482-1463 
TWX: 916-444-8683 

’D. 

r 
L 

SALT LAKE CITY, Utah  84115 
LAHANA & COMPANY 
1482 Major St. 
Tel: (801) 486-8166 
TWX: 801-521-2604 

*SAN DIEGO, California 92106 
NEELY ENTERPRISES 
1055 Shafter St. 
Tel: (714) 223-8103 
TWX: 714-276-4263 

TSAN FRANCISCO, California 

501 Laurel  St. 
San Carlos, Cal. 94071 
Tel: (415) 591-7661 
TWX: 910-376-4390 

NEELY ENTERPRISES _- 
L 

*SEATTLE. Washinnton 96109 
ARVA. INC. 
1320 Prospect St. 
Tel: (206) 622-0177 
TWX: 206-998-0733 

- 

*ST. PAUL, Minnesota 55114 
CROSSLEY ASSOCIATES, INC. 
842 Raymond Ave. 
Tel: (612) 646-7881 
TWX: 612-551-0055 

ST. PETERSBURG, Florida 33706 
STILES SALES DIVISION 
Hewlett-Packard Company 
Madeira Beach 410 150th Ave. 
Tel: (813) 391-0211 
TWX: 813-391-0666 

*ST. LOUIS, Missour i  83144 

2814 S. Brentwood Blvd. 
Tel: (314) 647-4350 

HARRIS-HANSON CO. 

TWX: 314-962-3933 

SYRACUSE, New York 13211 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
Pickard Bldg., E. Mal loy Rd. 
Tel: (315) 454-2486 
TWX: 315-477-1375 

L EWLETT-PACKARD (CANADA) LTD. 
ORONTO, Ontario, Canada 

1415 Lawrence Ave. W. 
Tel: (416) 249-9196 

TUCSON, Arizona 85716 
NEELY .ENTERPRISES 
232 S. Tucson Blvd. 
Tel: (602) 623-2564 
TWX: 602-792-2759 

*WASHINGTON, D.C. 
HORMAN ASSOCIATES, INC. 
941 Rol l ins Ave. 
Rockville, Maryland 20851 
Tel: (301) 427-7560 
TWX: 710-828-9664 

L 

*Indicates Instrument Repair Stations 
tFor instrument repair contact: Customer Service, Hewlett-Packard Company, 335 Page M i l l  Rd., Palo Alto, California, Tel: (415) 326-1755 
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sponsiblc for aiding in the prepara
tion of field maintenance procedures
and providing the necessary customer
support and training for these instru
ments. His duties will also include
the preparation of Service Notes and
other service publications, to better
enable -hp- field repair stations and
customers 10 properly maintain BRC
products.

Q CONTEST WINNER

The IEEE Show at the Coliseum
in New York in March found BRC's
booth bustling with contest hopefuls
all determined to "out-estimate" each

other in the annual ORC "Guess the
Q" contest. This year's display coil
was formed with heavy copper wire
into a configuration not too unlike
the BRC logograph. It proved chal
lenging to the parade of booth

liII My.... IIlC (;.en.,ol Mana".,. P,."n'. Q

M.'., 'A ConI••' Winn., G.a,,,. En".rl

visitors.
The Q of the coil, it turns out, is

242.6. This is the "indicated Q" and
represents the average of ten meas
urements made at I0 me on the Type
260A Q Meter in the BRC Standards
Laboratory.

Winner of the contest, with an es
timate of 242.5, is George W. En
gert. Project Engineer with MEPCO.
Inc. in Livingston, N. J. Runners-up
are Alan Budner of U. S. A. Elec
tronic R&D Lab. (240); John Mul
queen of MEPCO, loc. (246.5); and
T. A. Mett of Polyphase lost. Comp.
(248).

Mr. Engert was awarded a factory
reconditioned Type 170A Q Meter
at BRC on June 17.
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A Compact, Versatile 10 to 500 M C  Oscillator 
CHANNING S. WILLIAMS, Electrical Engineer 

The 3200A VHF Oscillator (Figure 
1)  is a compact, versatile general pur- 
pose instrument intended for use in re- 
ceiver and amplifier testing, driving 
bridges, slotted lines, antennas and filter 
networks, and as a local oscillator for 
heterodyne detector systems in the fre- 
quency range from 10 to 500 mc. Com- 
pletely self-contained, the instrument is 
packaged in the new HewIett-Packard 
modular cabinet, permitting convenient 
bench use as well as rack mounting for 
system applications. The oscillator is 
housed in a rugged aluminum casting 
for maximum stability and extremely 
low leakage. Six frequency ranges are 
provided for adequate band spread on 
a slide rule dial. 

CIRCUIT DESIGN 
The oscillator circuit, shown in Fig- 

ure 2 ,  employs push-pull 6DZ4 tubes 
with capacitive tuning and a turret sys- 
tem which permits switching of the tank 
circuit inductance on the various fre- 
quency ranges. Feedback is accomplished 
with a capacitive divider from one plate 
to the opposite grid, using the grid-to- 
cathode capacitance of the tube, to- 
gether with a fixed mounted capacitor 
from the other plate. This two-tube os- 
cillator is particularly well suited to this 
design because it provides more power 
than a single 6DZ4 tube and feedback 
is obtained by fixed capacitance on the 
top four bands. On the two lower bands, 
drive is reduced by switching in addi- 
tional capacitance from the grids to 
ground. The two-tube oscillator also 

cc 

f 04“; 

Figure 1. 3200 VHF Oscillator 

works well with a split-stator capacitor 
which requires no wiping contacts, 
eliminating a potential source of noise 
and instability. 

In this oscillator, the center of the 
tank is at ground potential and there- 
fore the rotor of the capacitor is also 
at ground potential for RF frequencies. 
Since the center of the oscillator coil is 
also roughly at the neutral or ground 
plane, plate power can be injected from 
this point from a common supply ring 
on the turret. This ring is a slip ring 
rather than a switchable contact. AC- 
tually, the oscillator turret is so con- 
scructed that the center of each coil is 
permanently tied back to this common 
slip ring to individual resistors. These 
resistors serve to break up undesirable 
RF paths, without introducing appre- 
ciable plate voltage or RF loss. 

FREQUENCY STABILITY 
The oscillator is specified for a 

i.0.002% stability after a 5-minute 
warmup. However, typical data shown 
in Figure 3 indicates that, under con- 
trolled conditions, 5-minute stabilities of 
O.OOOI@, or 1 part per million, have 
been measured at some frequencies. 

Frequency stability has been achieved 
through careful design of the circuit 
components and the use of a substantial 
aluminum casting which provides a 
large thermal mass. Particular care has 
also been given to the mechanical de- 
sign of the turret assembly. The detent 
mechanism is positive, assuring accurate 
and stable positioning of the active os- 
cillator inductor. The turret itself is pre- 
cision molded from orlon filled diallyl 
phthalate. Turret contacts are con- 
structed of coin silver and tuning ca- 
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fREQUENCY STABIlITY
The osciUnlOr is specified for a

~O,OO2Of stability after a 5-mimlle
warmup. However, l)pical data shown
in Figure 3 indicales thal, under con
trolled conditions, 5-mioUle stabilities of
0.000 I tN:, or I part per million, ha\'e
been measurC"d at some frequcncies.

Frequency srabiliry has been achieved
thlO\lgh careful design of the circuit
components and. the use of a substantial
aluminum casting which provides a
large thermal mass. PaniC1.llar arc has
a/SQ been gi"en to the mechaniod de
sign of the l1Jrret assembly. The dctent
mechanism is positi"c. assuring aCCUratC
:md stable positioning of the active os·
cillator inductor. The tutret itself is pre·
cision mold~ from orion filled diallyl
phthalatc. Turret ContaCts are con·
structed of coin silver and tuning en-
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works well with a splif-Staror capaciror
which requires no wiping contaCts,
eliminating a potcntial source of noise
and instability.

In this oscillator, the cemer of the
tank is at ground potential and there
fore the roror of the cap1Citor is abo
at ground potential for RF frequencies.
Sioce the cemer of the oscillator coil is
abo roughly al the neutntl or ground
plane, plate po9.'er an be injectC"d from
this poinl from a common Sl.Jpply ring
on the rurret. This ring is a slip ring
lather than a switchable contact. Ac
mall)', lhe oscillator turrel is so con
Structed thar t~ cemer of ~ch coil is
permanently tiC"d back ro Ihis common
slip ring ro individual resistors. These
tesistors serve to break up undesirable
RF paths, without introducing appre
ciablc platC voltage Ot RF Joss.

CiRCUIT DESIGN
The oscillaror circuit, shown in Fig

ure 2, employs push-pull 6DZA rubes
with capacitive tuning and a tlJrrct sys·
tern which permits switching of the tank
circuit inductance on the various frc
<juency rnnges. Feedback is accomplished
with a capacitive divider from one plare
to the opposite grid, using the grid-ro
cathode capacitance of the tube, to
gether with a fixed mounted capacitor
from the Other plate. This tWo-rube os
cillalor is paniC1.llarly well suit~ to this
design beCause il provides more power
than a single 6DU rube and feedback
is obtained by fixed capacitance on the
rop (oor bands. 00 the 1'110'0 lower bands,
drive is r~uced b)' switching in addi
lional capacicaoce from the grids to
ground. The twO-tube oscillator also

The 320QA VHF Oscillator (Figure
1) is ~ compaCt, versatile general pur·
pose instrument intended for use in re
ceiver and amplifier tcsting, driving
bridges, slOtted lines, antennas and filter
nerworks, and as a local oscillatOr for
heterodyne: detector systems in the frc:
quency unge from 10 10 500 me. Com
plc:cdy self-<onl2inal., the insmlfnc:m is
packa~ in the new Hewlett-Packard
modular cabinet. permiuing convc:nic:m
bench use as \\'cU as rad:: mounting lor
syStem applications. Thr oscillator is
housed in a rugged aluminum a5ling
for maximum st;lbiliry and extremely
low leakagr. Six frequency ranges arc:
provided for adequate band spread on
a slide rule dial.
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pacitor contacts are of coin silver and 
beryllium copper laminate. Both the de- 
tent spring and tuning capacitor con- 
tacts have been subjected to long life 
tests without failure. The circuit is 
mounted on a silverplated brass chassis 
in such a way that lead lengths have 
been minimized and fundamental cir- 
cuit symmetry has been maintained. 

The position of the tuning capacitor 
is indicated on a large slide rule dial 
which is simultaneously rotated by the 
oscillator range switch mechanism to 
display only the active frequency range. 
The frequency drive mechanism is back- 
lash-free and employs a cable drive. The 
cable consists of a glass core. for di- 
mensional stability. enclosed in braided 
Nylon for long wear and traction. Non- 
conductive cable is used so that entrance 
into the RF enclosure can be made 
through waveguide-below-cutoff tubes, 
Dermitting low RF leakage without wio- 
ing grounds. The turret drive shaft also 
utilizes nonconductive Fiberglass Epoxy 
which passes through a waveguide- 
below-cutoff tube into the RF enclosure. 

MODULATION 
The simplified modulation circuit is 

shown tin Figure 4. AM plate modula- 
tion is injected through front panel ter- 
minals from an external source of audio 
power. The modulation signal is im- 
pressed across a resistor in series with 
the plate supply to the oscillator. The 
oscillator is specified at less than 1% 
AM, distortion at a level of 30% AM. 
However, modulation up to 50% AM 
can be obtained with a resulting increase 
in distortion. Approximately 30 volts 
RMS into 600 ohms is required from an 
external source to achieve 30% AM. 
60-cycle modulation can be conveniently 
obtained at almost any amplitude de- 
sired. If modulation percentages in ex- 

Figure 2. Oscillator Circuit 

cess of 40% are required, they may 
alternately be obtained by switching to 
pulse operation and applying a trans- 
former-coupled audio signal in series 
with an adjustable dc (Figure 5 )  ; the 
resultant RF level, however, may be 
less than the specified CW signal. For 
100% modulation, a dc offset voltage 
equal to the peak voltage of the audio 
signal is applied at the modulation ter- 
minals. The maximum voltage (dc off- 
set voltage plus RMS audio voltage) 

should not exceed 135 volts. On the 
range from 260 mc to 500 mc, it will 
not be possible to modulate linearly 
100% since the oscillator will not start 
before the plate voltage reaches some 
appreciable value. 

Because of the direct plate modula- 
tion, some small amount of frequency 
modulation will occur. Typical FM de- 
viation for a fixed audio input level is 
shown graphically in Figure 6. 

IO 20 30 40 M 60 70 8090100 150 200 300 460 MO 
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Figure 3. Typical Frequency Drift - For 
5 Minutes After 4-hour Warmup 
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Because of the direct plate modula·
rion, some small amount of frequency
modulation will occur. Typical FM de·
viarion for a fixed audio input level is
shown graphically in Figure 6.
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pulse operation and applying a rrans
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resulrant RF level, however, may be
less than the specified CW signal. For
100% modulation, a dc offset volta!:e
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signal is applied at the modularion rer
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pacicof COntaCts art' of coin silver and
beryllium copper laminarI'. Borh the de·
tem spring and lUning rnpaciror con·
tactS have been subjeCTed to long life
tests without failure. The circuit is
mounre<! on a silverplate<! brass chassis
in such a way that lead lengths have
been minimize<! and fundamenral cir
Cllit symmetry has been maintained.

The position of the tuning capacitor
is indicate<! on a large slide full' dial
which is simultaneously fotated by the
oscillator range swirch mechanism to
display only the active frequency rnnge.
The frequency drive mechanism is back
lash·free and emplo}'s a cable drive. The
cable consists of a glass core. for di·
mensional srabiliry. enclosed in braide<!
Nylon for long wear and rracrion. Non·
conductive cable is used so thar entrance
inca rhe RF enclosure can be made
throul:;h waveguide-below<lltoH rubes.
ocrmircing low RF leah,'!e withour wip
in,R; grounds. The turret drive shafr also
milizes nonconducrive Fiberglass EpOXY
which passes through a waveJ::uide.
below<UtoH rube inco the RF enclosure.

MODULATION
The simplified modulation circuit IS

shown 'in Figure 4. AM plate modula·
tion is injecred rhrough from panel ter
minals from an exrernal source of audio
power. The modulation signal is im
prcsse<! across a resistOr in series with
rhe plate supply to rhe oscillator. The
oscillator is specified at less rhan 1%
AM, distortion at a level of 30% AM.
However, modulation up to 50% AM
can be obcained with a resulting increase
in distortion. Approximately 30 volts
RMS into 600 ohms is required from an
exrernal soutce to achieve 30% AM.
GO-cycle modulation can be conveniently
obtained at almost any amplitude de·
sired. If modulation percentages in ex-

2



T H E  N O T E B O O K  

IO0 

Io 

40 

30 

20 

E 
li 10 
2 

t 
5 

1 

3 

2 

1 
10 20 Io 100 200 YIO 

FREQUENCY IMCl 

d 
OSCILLATOR OUTPUT PRF 

AM INPUT "-I 
POWER 

SUPPLY 

Figure 4. Amplitude Modulation 

COUPLING 
, , TRANSFORMER 

/"Ir' y:D 3200A 

Figure 5. Setup for Obtaining Modulation 
in Excess of 40% 

ii 
Provision is also made for external 

squarewave and pulse modulation 
through the front panel terminals (Fig- 
ure 7 ) .  With the front panel modula- 
tion switch in the "pulse" position, the 
internal plate voltage supply to the OS- 
cillator is disabled and the oscillator 
plates are fed from an external source. 
Any varying source of signal, within 
the ratings of the 6DZ4 oscillator tubes, 
whose frequency is not limited by the 
input RF filters, may be applied. The 
signal source may be squarewave or 
pulse or remotely programmed dc. 
Again, some FM will be experienced 
due to direct plate modulation. 

A power capability of 140 volts into 
2000 ohms will drive the oscillator to 
maximum specified output on all 
ranges. Typically, however, approxi- 
mately 10 volts peak (except 50 volts 
on the 260-500 mc range) will produce 
I milliwatt peak power output. For 
maximum tube life the peak voltage in 
pulse position should be limited to: 

where V,,,, = the voltage drop across 

the modulation terminals in the C W  
position. Since the modulation input 
circuit is ungrounded, either positive or 
negative pulses may be used, provided 
the more positive terminal from the 
generator is connected to the left-hand 
modulation terminals on the 3200A 
front panel. 

Figure 6. Typical FM Deviation for Fixed Audio 
Input level 

RF OUTPUT 
The RF output of the oscillator is 

available through a unique, simplified 
waveguide-below-cutoff piston attenua- 
tor, shown in Figure 13. This attenuator 
provides a minimum of 120 db attenua- 
tion from maximum output knd is ad- 
justed by positioning the piston which 
can be readily locked in place by a ro- 
tary clamp. The attenuator piston is 
marked at intervals of 10 db attenua- 
tion. These graduations permit setting 
the attenuator to precise ratios. The at- 
tenuator has a bore diameter of 0.757 
inches, providing an attenuation of 42 
db per inch for all frequencies in the 
range of the instrument. The gradua- 

RF OSCILLATOR 

RF OUTPUT r------ 

I 

L ------- 2 

Figure 7. Pulse Modulation 

Figure 8. Typical Maximum Power Output 
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Fig.... 4. Ampliludw Modul,,'ion
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RF OUTPUT

The RF OUtpUt of rhe oscillatOr is
available rhrough a unique. simplifia!.
waveguide-bdow-eutoff piStOn a((enua
ror, shown in Figure B. This attenuaror
provides a minimum of 120 db attenUa
tion from maximum outpur and is ad
JUSta!. by posirioning the pisron which
can be readily locked in place by 11 ro
rary clamp. The auenuaror pisron is
marked at intervals of 10 db attenua
tion. These graduations pc;rmir setting
the artenuaror to precise rarios. The at·
tcnuatOr has a bore diamCter of 0.757
inches, providing an ar[enuation of 42
db per inch for all frequencies in the
rangc of the instrument. The gradulI-

the modulation termi02ls in the CW
position. Since the rnOOularion input
circuit is ungrounda!.. either positive or
negative pulses may be used, provided
the morc positive terminal from the
gT::ocrator is connected to the ldt-hand
modulation terminals on the 3200A
front panel.
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Provision is also made for exte:rnal
squarewlIve lind pulse modulation
through the from panel terminals (Fig.
ure 7). With the front panel modula
tion swiTch in the "pulse" position, the
internal plate voltage supply to the os
cillator is dis.,bled and rhe oscillator
plates arc fed from an enemal 5OUrCC.
Any varying source of signal, within
the ratings of the 6024 oscillator rubes,
whose frequency is nOt limited by rhe
input RF filters, may be lIpplicd. The
signal source may be squarewave or
pulse or remotely programmed de.
Again, some FM will be expt'rienced
due to direct plaTe modulation.

A power capability of 140 volts into
2000 ohms will drive the oscillator to
maximum specified OUtput on all
rangn. Typically, however, approxi.
mately 10 volts peak (except 50 volts
on the 260-500 me range) will produce
I milli"·a" peak power OUtput. For
maximum tube life the pe;t.k mirage in
pulse posirion should be limited to:

V_ ,..'_ = 150 -1.8 X V_

Fi,u... 6. ',picel FM De."tion fo, Fi.eel Audio
Input ""'..

Fi8"~ 7. ,.,,1.. Modulotion

where V_ = thc voltage drop across fig .... e. T,pieol Mo.i",..", Po"".. Outpul

3
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Figure 9. Typical Settability Using Electrical Vernier 

tions also permit resetting to a particu- 
lar power level. The first graduation 
will provide roughly 1 volt into 50 
ohms and the last graduation will pro- 
vide roughly 1 microvolt into 50 ohms. 

The attenuator piston is completely 
removeable, and the pickup loop, em- 
ploying a ferrite core for maximum low 
frequency coupling, is completely en- 
capsulated in a low dielectric constant 
resin for maximum stability and pro- 
tection. A simplified schematic of the 
output system is shown in Figure 2. In 
order to provide maximum available 
power output, no internal dissipative 
elements are employed. The output cir- 
cuit is designed to feed an external 50- 
ohm load. If critical match or low 
VSWR is required, a suitable pad may 
be readily connected in series with the 
attenuator output. 

Maximum RF output power is speci- 
fied at greater than 200 milliwatts, 10- 
130 mc; greater than 150 milliwatts, 
130-260 mc, and greater than 25 milli- 
watts, on the highest range, 260-500 
mc. Curves of typical maximum output 
power, as a function of frequency, are 
shown in Figure 8. RF shielding, con- 
sisting of aluminum castings and com- 
pressed braid, will permit measurements 
at  levels down to 1 microvolt. 

In addition to the control of RF out- 
put level by positioning the attenuator 
piston, a front panel electrical vernier 

control is provided. This control varies 
the plate voltage on the oscillator and 
provides precise settability over a typi- 
cal range as shown in Figure 9. 

With the 3200A operating into a 50- 
ohm load, frequency shift from no load 
to specified output typically is less than 
2%. If the 3200A is operated at maxi- 
mum specified output into 50 ohms and 
then mismatched so as to increase 
VSWR up to 40 db, frequency shift will 
be less than 2 %  for typical data. See 
Figure IO. 

POWER SUPPLY 
All necessary operating voltages are 

provided by an internal solid - state 
power supply, shown in the simplified 
schematic, Figure 11. This supply pro- 
vides regulated dc for the oscillator fila- 
ments and plates for minimum hum 
modulation and maximum tube life. In 
the circuit, the B supply reference is re- 
turned to regulated B- instead of un- 
regulated B--. This reduces the current 
change through the reference tube 

- 

I 

0 
t- 
- 
2 

s -1 

> v z 

YI 
LL LL 

6e 

-2 

I 2 IO 20 30 40 M 3 4 5  
- 3  

FREQUENCY (MC) 

Figure 10. Typical Frequency Shift - No load to Specified 
Output and Worst Mismatch 

c 

Figure 11. Power Supply 
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coO(rol is providai. This contrOl varies
the plate voilage on the oscillaror and
provides precise scnabiliry over a typi
cal range as shown in Figure 9.

With tM 3200A operating into a 50
ohm load, frequency shift from no load
to specifiai OUtpUI typically is less Ihan
2%_ If tM 3200A is operated at mJ.Xi
mum specified OUtput into 50 ohms and
then mismatched so as to increase
VSWR up to 40 db, frequency shiEr will
be leS! than 2% for typical data. See
Figure 10.

POWER SUPPLY
All necessary operating voltages are

provided by an internal solid - State
power supply, shown in the simplified
schematic, Figure 11. This supply pro
vides regulate<! dc for the oscillator fila·
mentS and plates for minimum hum
modulation and maximum tube life. In
tM cirruit, the 8 supply reference is re
turned to regulated 8- instead of un
regulated 8-. This reduces the current
change through the reference rube
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O""pul and Wa..' Mi ....Dlch
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fig ..... 9. Typical SenD!>il;ly U"ng ElectricDI Ve.ni..

lions also permit rescuing to a panicu
Jar po""er levrol T'hr' firsl graduation
will pro"idro roughly 1 "olr inro 50
ohms and the last graduation will pro
vide tOUghly I micro'-oll into 50 ohms.

The aHronUator piston is completely
removeable, and the pickup loop. em
ploying a frorrite core for maximum low
frequency coupling. is completely en
capsul:ued in a low dielectric coostant
resin for maximum slabililY and pro
teclion. A simplified schemalie of Ihe
O\Jtpm system is shown in Figure 2. In
order to provide maximum available
power outpUt, no internal dissipative
e1emcncs arc cmployed. The OUlpllt cir
cuit is designed to feed an external 50
ohm load. If cridcal match or low
VSWR is required, a suitable pad may
be readily connected in series with the
::urenuator OUtput.

l-faximum RF ourput power is speci
fied at greater Ihan 200 milliwatt$, 10
130 me; grealer Ihan 150 milliwatt!,
130-260 me. and greater Ihan 25 milli
watts, on the highest range, 260-500
me. Curves of typic,,] maximum outpur
powel, as a fuoclion of frequency. are
shown in Figure 8. RF shielding. con
sisring of aluminum castings and com·
pressed br2id. will permit measuremems
al levels down to I micro1iolr.

In addition 10 the comrol of RF OUI
PUI le"eI by positioning lhe attenuator
piston, a from panel electrical vernier
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Figure 12. Residual FM Due to Hum and Noise 

caused by changes in unregulated B- 
or line voltage. The heater reference is 
tapped down from the regulated 150 
volt supply, eliminating the need for a 
second reference. A filter in the B+ 
supply reduces hum, providing almost 
constant power operation of the oscilla- 
tor tubes. Further reduction in the B 
supply hum is obtained by minimizing 
the common resistance in the B- and 
HTR+ return leads, and establishing 
the common tie point at the RF filter 
on the instrument baseplate casting. 
Residual FM, due to hum and noise, 
for a typical instrument is shown in 
Figure 12. 

Frequency stability of the oscillator, 
as a function of input line voltage 
changes, is specified at 0.001% for a 
5-volt change. The 3200A oscillator is 
designed for operation with an input 
line voltage of 105 to 125 volts and 
210 to 225 volts, SO or 60 cps. The 
unit has been operated from a 400 and 
1000 cps power source, however, and 
has typically met its specifications at 
these higher line frequencies. Power 
consumption is 30 watts. 

v/ 

MAINTENANCE 
As shown in Figure 13, considerable 

attention has been given to ease of 
maintenance. All of the power supply 
circuits are mounted on a stable circuit 

RlGnT FRONT 

LEFT OF 3mOA REAR ---- 

Figure 13. 3200A - Disassembled 

board and the power supply may be 
readily disconnected from the oscillator 
assembly through a multi - conductor screws. 

plug. The entire RF casting can be 
readily removed by loosening just four 

New Transistor Test Jig 
Provides Y Parameters-500 KC to 250 M C  

CHARLES W. QUINN, Applications Engineer 

\, 

Figure 1. 13510A Transistor Test Jig 

INTRODUCTION 
Transistor measurement techniques 

utilizing the 250A RX Meter and spe- 
cial jigs built in the Boonton laboratory 
were described in articles published in 
Notebook Numbers 19, 20, and 26 and 
drawings showing the construction de- 
tails of these jigs were made available 
to customers upon request. Over the 
past several years, however, Boonton has 
received numerous requests from custo- 
mers to build and market these jigs and, 
as a result, has designed the 13510A 
Transistor Test Jig (Figure 1 ), an im- 

provement over the original design. 
This new jig is designed to provide con- 
sistant, convenient, and precise readings 
over the entire the 500 kc to 250 mc 
frequency range of the RX Meter. 

DESCRIPTION 
The 13510A Transistor Test Jig con- 

sists of four basic components: a mount- 
ing adapter and three separate plug-in 
test circuits for measuring yie, yib, and 
yo.. Included as part of the jig are bias 
feed and bypassing for an external 
power supply. The jig may be readily 
mounted on the RX Meter using the 
existing rear set of accessory holes on 
the ground plate surrounding the ter- 
minals. The parameters obtainable from 
the RX Meter readings are listed and 
defined below: 

~7 e z Input admittance, common emit- 
ter output circuit short circuited 

1 1 

hie R,, 
+ j ( L ,  = y11. - - - 

ylb = Input admittance, common base, 
output circuit short circuited 

5 

THE NOTEBOOK

CHARLES W. QUINN, AppticQtioll5 Engineer

New Transistor Test Jig

Provides Y Parameters-SOO KC to 250 MC

, -to ...,.K .

plug. The enrire RF casring can be
readily removed by loosening JUSt four
screws.

pro\'ement over the original design.
111is new jig is designed 10 provide con·
sistanr, convenient, and precise teadings
over the entire the 500 kc lO 250 me
frequency range of the RX Meter.

DESCRIPTION
nle 13510A Transistor Test Jig con

sisrs of four basic components: a mount·
ing adapter and three separlllt." plug-in
lesr circuits for measming y.., Yl., and
y.... Jndude<1 as ran of the jig are bias
feed and bypassing for an external
power supply. TIle jig may be readily
mounted on the RX Meter using the
existing rear set of accessory holes on
the ground plare surrounding the ter
minals. The parameters obtainable from
lhe RX j\kICr readings arc lisred and
defined below:

y,. = Input admittance. common emit
ter output circuit shorr circuited

1 1
= --= --+ j,.,C.= Ylh

h,. R.
y._ = Input admirtance, common base,

Output cir<:ll1t shorr circuited

_<II'",oIT•• re ..._

Figu~ 13. 3200A - Di.....embl.d

. ...
~~\~•..• Ii\=- ~:::::::.-. /......._T " ..

hoard and the power supply may be
readily disconneCted from the oscillator
assembly rhrough a mulri· conducror

INTRODUCTION
Transistor measuremenr techniques

utilizing the 250A RX ~'leler and spe
cial jigs built in lhe Boonton laborurory
were described in arTicles published in
Notebook Numbers 19,20. and 26 and
drawings showing the constnlCtion de
tails of ehese jigs were made available
to customers upon request. O\'cr thc
past several years, howevet, Boonton has
received numerous requests (rom C\lSto·

men to build and ml.rker these jigs and,
as a result, has designed the 13510A
Transistor Test Jig (Figure I), an im.

Flgur.1. 13S10A Tran.iila, Te., Jig

caused by changes in unregul:He<1 B
ar line voltage. The heater reference is
tapped down from the regulated 150
volt supply, climinaring the necd for a
second reference. A filrer in the B+
supply reduces hum, providing almost
constant powet operation of the oscilla·
lOr tubes. Funher reduction in the B
suppl)' hum is obtained by minimizing
the common resistance in the B- and
HTR+ return leads. and establishing
the common tic point at the RF filter
on the instrument basepbce casting.
Residual FM, due 10 hum and noise.
for a typical instrument is shown in
Figure 12.

Freqllency stability of the oscillalOr.
as a function of input line voltage
changes, is specified at 0.001 r;;;- for II

5·voh change. The 3200A oscillator is
designed for operarion with an input
line voltage of 105 (0 125 voles and
210 to 225 volts, 50 or 60 cps. The'
unir has been operalf'd from a 400 :lnd
tOoo cps power source. however, and
has typicall)' met its sp<:cific3tions al
these higher line frequencies. Power
consumption is 30 wans.

Figu,. 12. R..idual FM Du. 'a Hum and Na".

MAINTENANCE
As shown in Figure 13. considerable

attention has been given to ease of
maintenance. All of the power supply
circuits are mounted on a STable circuit
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TRANSISTOR 
TERMINALS 

B C  
0- 

L3 

I1 

RX METER 

B c *  
Y 

TO FILTER CIRCUIT 
Y W  

1 

TO FILTER CIRCUIT 
l i b  

-1 

Y 
TO FILTER CIRCUIT 

roc 

lead and terminal inductances L3 = 8.5 nh 
1, E 34 nh I 1, = 3 nh 
L, = 4 nh 

L,, L6 = 3 nh (RX Meter terminal inductances) 
C, = distributed capacitance of  HIGH 

C, = 29 w f  GE Tantalum, 30 v, bypass, HF 
Cg, C, = 0.1 pf Scionics Pelet, 50 v, 

S, = RF switch 

terminals 

bypass, VHF 

Figure 2. Equivalent Test Circuits 

1 1 

bib R, 
+ j w c ,  = Y l l b  

- --- - - 

yo, = Output admittance, common emit- 
ter, input circuit short circuited 

1 

DESIGN CONSIDERATIONS 
A jig (or  fixture) designed to work 

over the 250 kc to 500 mc frequency 
range of the RX Meter must, of course, 
be a broadband or untuned device. This 
means that the residual inductance 
must be held to a minimum and made 
as consistant as possible from one test 
circuit to another. These requirements 
have been met through the careful de- 
sign of the test circuits. The circuits 
have been designed in printed circuit 
form for stability and are precision 
manufactured to insure maximum re- 
peatability. Design of the 13510A jig 
is such that the RX Meter may be bal- 
anced for one test circuit and then 
used with other test circuits without 
rebalancing. 

The bypassing system (Figure 2 )  is 
switchable so that capacitor CI may be 
removed from the circuit over a portion 
of the frequency range, thereby simpli- 
fying the corrections which would have 
to be made in the “crossover region” 
(1  to 10 mc).  This switch is normally 
closed for measurements above 10 mc. 

TRANSISTOR BIAS 
Bias for the transistor under test is 

provided from an external supply, 
through the filter circuit on the 13510A 
jig, when the plug-in test circuit board 
is connected to terminals TI, TY, and TR 
(Figure 2 )  and the RX Meter termi- 
nals. Any dc supply which has less than 
1 millivolt ripple (such as the -hp- 
721A) may be used to provide tran- 
sistor bias. Batteries may also be used 
if desired. The ideal supply for this ap- 
plication is one which provides a com- 
bination constant-current, emitter-base 
supply, and a constant-voltage (with ad- 
justable current limit) for collector- 
base biasing. Many configurations are 
usable. Some examples are shown in 
Figure 4. It should be noted that the 

E B C 

E B C 

Figure 4. Recommended Bias Supply 
Configurations 

limit for current passing through the 
RX Meter terminals is 50 milliamperes. 
Collector-to-base voltages should not ex- 
ceed 30 volts. Levels at the bridge ter- 
minals should usually be kept below 
20 millivolts. 

L 

CORRECTIONS 
For most measurements, direct read- 

ings of the C, and R, dials on the RX 
Meter may be used. In cases of ex- 
tremely low. impedance (below 200 
ohms) and high frequencies (above ap- 
proximately 50 mc),  however, some 
correction of these dial readings may be 
desirable. When measuring hib, for ex- 
ample, correction of the C, and R, dial 
readings would be indicated. 

L 

Corrections for series inductance can 
be made by adding the series induct- 
ance of the jig to that of the RX Meter. 
The equation to be used for these cor- 
rections is (Figure 5 ) : 

Y (  1 Yq 

y. -y( ) 
(1)  y (  1 = 

Figure 5. Correction Equation for 
Series Inductance 

For frequencies above 10 mc, the value 
of y. is nominally 10 nh. Below 10 mc, 
y. is nominally 41 nh; most of which 
is contributed by the jig bypass electro- i 
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For frequencies above 10 mc, the value
of )'. is nominally 10 nh. Below 10 me.
y. is nominally 41 nh; most of which
is contribuu..'d by the jig bypass electro·

Flgu•• S. Cerr.clion Equollon fo,
Se,i.. Inductance

y. -y(

CORRECTiONS
For most measurements, direct read·

ings of the C. and R. dials on the RX
Meter may be used. In cases of ex
rremely low. impedance (below 200
ohms) and high freqllencies (above ap
proximately 50 mc), however, some
correction of these dial readings may be
desirable. When measuring h,., for ex
ample, correction of the C. and R. dial
readings would be indicated.

Corrections for series inductance can
be made by adding the series induct
ance of the jiS [Q [har of the RX Meter,
The equation to be used for these cor
rcctions is (Figure 5) :

y ( J y.
(l)y()=

Figu,. 4. R.commended Bio. Supply
Cenfigu.... tiono

limit for current passing through the
RX Meter terminals is 50 milliamperes.
ColJecror-to-base voltages should not ex·
ceed 30 volts, Levels at the bridge ter
minals should usually be kept below
20 millivolts.

figu •• 3_ fquiv~lent Fill•• Ci.cuit

DESIGN CONSIDERATiONS
A jig (or fixrure) designed to work

over rhe 250 kc to 500 mc frequency
ranse of rhe RX Meter must, of course,
be a broadband or unumed device. This
means that the residual inductance
mUSt be held to a minimum and made
as consistant as possible from one test
circuit to another. These requiremems
have been met throush the careful de
sisn of the teST circuirs, The circuits
have been designed in primed circuit
form for stability and are precision
manufactured to insme maximum re
peatability. Desisn of the 135 lOA jig
is such lhat the RX Meter may be bal
anced for one teST circuit and then
used with other test circuits without
rebalancing_

The bypassing system (Figure 2) is
swirchable so thac capacitor C1 may be
removed from [he circuit over a ponion
of the frequency range, thereby simpli
fying the corrections which would have
to be made in the "crossover region"
(I to 10 mc) _ This swiTCh is normally
dosed for measurements above 10 mc.

TRANSiSTOR BIAS
Bias for the transistor under test is

provided from an external supply,
through the filter circuit on the IJ510A
jig, when the plus-in test circuit hoard
is connected to terminals T" T~. and T"
(Figure 2) and the RX Meter termi·
nals. Any de supply which has less than
I millivolt ripple (such as the -hp·
721A) may be used to provide tran
sistor bias. Batteries may also be used
if desired. The ideal supply for dTis ap.
plication is one which provides a com
bination constant-current. eminer-base
supply, and a constant-voltage (with ad
justable current limit) for collector·
base biasing. Many configurations arc
usable. Some examples are shown in
Figure 4. It should be nOted that the
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Figu•• 2. Equivolent h.t CI,cuit.

1 1
= --=--+ jwC.= Yl\b

h.~ R.

Yoo = Output admittance, common emit
ter, input circuit shon circuited

1
= -- + jwC. = yzz.

R,

\~'-----V.---'---~/
TO "'L '.~ C'tOJtl

~: ~ :.;~J le~d ~nd te,mino! inductonce.

1~ = 34 n;f
l,_" ~ :::: 3 nh (RX Mele. le.m;,,~1 inductoncu)

C" = diot.ibuted cDp~cil"nc. of HIGH

te.min~l.

C, :::: 29 I'f GE Tontolum, 30 v, bypo", HF

C~, CJ = 0.11'1 Scionic. Pele!,.50 v,

bypo.., VHF

5, = RF .witch
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Figure 6. y, vs. Frequency Correction - 
Below 50 mc 

lytic capacitor, C3. These corrections 
may be obtained more quickly through 
graphical solution as shown in Figures 
6 and 7. For frequencies below 50 mc 
and impedances below 200 ohms, the 
correction curves in Figure 6 may be 
used. No correction is necessary for R, 
below 50 mc. Above 50 mc, equation 1 
should be used with the value of y, 
obtained from Figure 7. 

With the corrected values for yle, ylb, 
and yo,, known, yf, can be calculated to 
a good approximation by the equation: 

v 

Yib - y i e  - y o e  

( 2 )  y f e  = 
Y1@ 

This equation is a more exact expres- 
sion than the equation: 

h,e - h L b  

hlb 
( 3 )  hr. = 

used in Notebooks Numbers 19 and 26. 

EXAMPLE 
The following is an example of the 

procedure and calculations used to de- 
termine the yie, Yib, and yo. parameters 
of an RCA 2N706 transistor utilizing 
the RX Meter and the 13510A Tran- 
sistor Test Jig. Measurements were 
made at 250 mc with a bias supply of 
6 volts, 2 milliamperes. v 

700 
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300 
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100 

0 
10 100 50 1Do 200 

FREQUENCY IMC) 

Figure 7. y, vs. Frequency Correction - 
Above 50 mc 

Defermination of yie  

R X  Meter Readings: 

RP CP 
74 ohms + 3.2 pf 
74 ohms - j 200 ohms 

yie = G + jP 
yi, z 13.5 + j 5.0 mmhos 

= 14.4 / + 20.6" mmhos 

Series Inductance R X  Meter and Jig: 
L, = 10 nh, X, = 15.7 ohms, 
y. = - j 62.8 mmhos 
y. = 62.8 / - 90" 

Corrected yi,: 
Yie ys 

yi: = 
ys - Yie 

14.4 / + 20.6" >< 62.8 1 - 90" 
yie = 

- j 62 - 13.5 - j 5.0 

900 / - 69.4" 
- - 

- 13.5 - j 67.8 

900 / - 69.4" 

68.8 / - 101.3" 

= 11.05 + j 6.9 mmhos 

- - 

yie'= 13.1 1 + 31.9" 

Deferminafion of Y j b  

R X  Meter Readings: 

RP CP 
85 ohms - 2.55 pf 
85 ohms + 250 ohms 

Yib = G + jP 
= 11.8 - j 4.0 mmhos 
= 12.5 / - 18.7" mmhos 

Series Inductance of R X  Meter and Jig: 

62.8 / - 90" mmhos 
y. = - 62.8 mmhos 

Corrected y ; b :  

/ 
Yib = 

Yib y s  

ys - Yib 

12.5 / - 18.7" 62.8 / - 90" 
I 

Yib 

- j 62.8 - 118 + j 4.0 
785 / - 108.7" 

- 11.8 - j 58.8 
- - 

785 / - 108.7" 

59.8 / - 101.4" 
- - 

= 13.1 / - 7.3" mmhos 
yi,' = 13.0 - j 1.67 mmhos 

Determination of yo6 

R X  Meter Readings: 

RP CP 
140 ohms + 5.3 pf 
140 ohms - j 120 ohms 

G + j P  
yo. = - mmhos 

7.1 + j 8.35 

= 10.9 / +- 49.6" 

Series Inductance of R X  Meter and Jig: 
y. = - j 62.8 

= 62.8 / - 90" 

Corrected yoe: 

Yo. Ys 

ys - yo, 
yo6= 

yo: = 10.9 / + 49.6" X 62.8 / - 90" 

- j 62.8 - 7.1 - j  8.3 
- 684 / - 40.4" 
- 

- j 62.8 - j 71.1 

THE NOTEIOOK

Del.rmincrticrtl of yio

Cp

+ 3.2 pf
- j 200 ohms

O.t.rminotion 01 y_

Cp

- 255 pf
...1- 2~0 ohms

Cp

+ ',3 pf
- j 120 ohms

+ iP

y•• y.

G

,
y•• =----

Del.rminotjon 01 Yib

RX MeIer ReadingJ:

Rp
8~ ohms
8S ohms

y... =G+ifl
= 11.8 - j 4.0 mmhos
= 125/- 18.7" mmhos

y. - y,.
12.~ /- 18.7" 62.8/- 90"

- j 62.8 - 118 ...1- j 4.0

78~ / - 108.7"

- 11.8 - j S8.8

785 / _ IOB.7"

~9.8 I lOlA"

= 13.1 I 7.3" mmhos

y,: = Il0 - j 1.67 mmbos

SeNeJ Indlluance of RX Met" and Jig:

y. = - 62.8 mmhos
= 62.8 / 90" mmhos

RX Aleler ReadingJ:

Rp
140 ohms
140 ohms

'ig.... 7. Y '-.q...ncl' C".recti"n_

Ab" 50 m<

RX Met" Readi"gJ:

Rp
74 ohms
74 ohms

y.. = G+ jfl
yio = 13.5 + j 5.0 mmhos

= 14.4 / + 20.6" mmhos

•

I•

•
\

•
I \

•

• Nil
\.•

~

•• • • • -...OUIOO'oO

Sene] IndNu<#Ice RX Met" and Jig:

L. = 10 nh, X, = 1~.7 ohms,
y. = - j 62.8 mmhos
y. = 62.8 / - 90"

•
, ,_. ,

• ----- t-
•
•
• 1\

, •-
,
• I• f----'c, ,__ 0 < ,

\...... 1<_, ••,.. .,....
,

,
• • • • • • •,-

(2) yr.=

Iylic capacitor, C". Th~ corr«tions
may be olxained more quiddl' through
graphical solution as shown in Figur15
6 Ind 7. For frequenci15 below ~O me
and impedanc15 below 200 ohms, th~

corr«rion curv15 in Figure 6 may be
used. No correction is nccessa.ry fOt R.
below ~O me. Above ~O me, equation I
should be used with the vllue of y,
obtained from Figure 7.

With the corrected values for )'1., )',~

and Y... known, yr. can be calculated to
a good approximation by the equation:

y,. -y.. -y..

'it..... 6. Y..... f .........<y C"'..<fi".. _

leI"w 50 "'<

,
y.. =

SerieJ I"dNCfa"ce of RX Meier tId Jig:

y. = - i 62.8
= 62.8/ 90"

yoo y.

y. - y-

,
y.. =

1._0:::,9!:.1=+:::49=,6=-O.:.X::..:::62:::,8:,:/,::-=90"o·
y':= -

- i 62.8 ~ 7.1 -j 8.3

684 / ~ 40.4"

-j62.8-j71.1

14.4/ + 20.6" X 62.8 / -90"

-j62- H.5-jS.O

900 (- 69.4 0

- 13.S - j67.8

900 I 69.4"

68.8 / 10 I.}"

y':= 13.1 /± 31.9"
= 11.0S + j 6.9 mmbos

y. - y..

Correued y..:

y.

This equation IS a more exact expres
sion than the equation:

h.. -h,.
(3) h..=---

h.
used in Not~books Numbers 19 and 26.

EXAMPLE
The following is an exllmple of the

procedure and calculations used [0 d~

(ermine the yoo, y.., and y_ par:tmeters
of an RCA 2 706 uansistot utilizing
the RX Meter and the 13510A Tn.n
sis[Or T15t Jig. Measurements were
made at 250 me with a bias supply of
6 volts, 2 milliamperes.

7



T H E  N O T E B O O K  

684 / - 40.4" 
- - 

71.1 / - 95.7" 
= 9.63 / + 55.3" mmhos 

yo:= 5.47 + j 7.92 mmhos 

CONCLUSION 
The 13510A Transistor Test Jig pro- 

vides a simple and convenient method 
for measuring the Y parameters of 
transistors over the range from 500 kc 
to 250 mc. Through careful design, 
residuals have been minimized and, by 
employing printed circuit techniques, 
excellent unit-to-unit uniformity has 
been achieved. By applying the correc- 
tions described in this article, absolute 
measurements to accessories in the order 
of 10% can be obtained. Measurements, 
based directly upon RX Meter dial read- 
ings, provide a good basis for judging 
relative characteristics. 

NEW DIRECT READING 
VECTOR IMPEDANCE 

METER TO BE SHOWN 
AT IEEE SHOW 

The IEEE Show, March 22-25 
in New York City will mark the 
introduction of our new and 
unique Vector Impedance Meter, 
Model 4800A, which provides au- 
tomatic direct reading impedance 
measurements continuously from 
5 cps to 500 kc. Impedance mag- 
nitude from 1 ohm to 10 meg- 
ohms and phase angle from 0 to 
360 degrees is instantaneously dis- 
played on two front panel me- 
ters. Analog outputs, directly pro- 
portional to impedance magni- 
tude, phase angle, and frequency 
are also available so that, by sim- 
ple connection to an X-Y re- 
corder, direct reading plots of im- 
pedance as a function of frequency 
may be conveniently obtained. 

The Vector Impedance Meter 
will also function as a direct read- 
ing L-C meter covering ranges of 
1 microhenry to 100,000 henries 
and 0.1 picofarad to 10,000 mi- 
crofarads. By employing the "Q 
by delta f" approach, Q measure- 
ments can also be made. 

See the new Vector Impedance 
Meter, the new Frequency Dou- 
bler Probe, as well as the VHF 
Oscillator and Transistor Test Jig 
in Booths Nos. 3501-3503. 

NEW ACCESSORY 

DOUBLER PROBE 
500-1 000 M C  FREQUENCY 

A new Frequency Doubler 
Probe, Model 13515A, providing 
additional frequency coverage from 
500-1000 mc from the 3200A 
VHF Oscillator, will be intro- 
duced at the IEEE Show, March 
22-25. In operation, the Frequency 
Doubler Probe is merely substi- 
tuted for the standard 3200A at- 
tenuator probe and doubles the 
output frequency of the oscillator 
in the 250-500 mc range. The 
doubler circuit, housed in the 

probe tip, is all solid-state and re- 
quires no tuning. Tentative spec- 
ifications are given below: 
RF RANGE: 500 to 1000 mc" 

"With 3200A operating 260- 
500 mc (Range No. 6 ) ,  250- 
260 mc (Range No. 5 )  

Maximum Power: > 4 mw 
(Across external 50-ohm load 
with VSWR < 1.1) 

HARMONIC SUPPRESSION: 
Fundamental: > 16 db" 
Higher Order: 

RF OUTPUT: 

> 16'db" (500-800 mc) 
> 14 db" (800-1000 mc) 

" below desired signal 
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71.1 / 95,7°

= 9.63 / + 55.3 0 mmhos

y': = 5.47 + j 7.92 mmhos

CONCLUSION
The 13510A Transistor Test Jig pro

vides a simple and convenient method
for measuring the Y parameters of
transistors over the range from 500 kc
to 250 mI'. Through careful design,
residuals have been minimized and, by
employing printed circuit techniques,
excellent unit-TO-unit uniformity has
been achieved. By applying the correc
tions described in this article, absolute
measurements to accessories in the order
of 10% can be obtained. Measurements,
based ditectly upon RX Meter dial read
ings, provide a good basis for judging
relative characleristics.

~-SALES AND SERVICE OFFICES-~

684 I 40.4 0
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NEW ACCESSORY
500-1000 MC FREQUENCY

DOUBLER PROBE

A new Frequency Doubler
Probe, Model 1351 SA, providing
additional frequency coverage from
500-1000 me from the 3200A
VHF Oscillator, will be intro
duced at the IEEE Show, March
22-25. In operation, dle Fre'luency
Doubler Probe is merely substi
tuted for the smodard 3200A at
tenUator probe and doubles the
Output frequency of the oscillator
in the 250-500 me f1\nge. The
doubler circuit, housed in the

probe tip, is all solid-state and re
'1uires no runing. Tentative spec
ifications are given below:

RF RANGE: 500 to 1000 mc"
"With 3200A operating 260
500 mc (Range No.6), 250
260 me (Range No.5)

RF OUTPUT:
Maximum Power: > 4 mw
(Across external SO-ohm load
with VSWR < 1.1)

HARMONIC SUPPRESSION:
Fundamental: > 16 db"
Higher Order:

> 16'db" (500-800 me)
> 14 db" (800-1000 me)

" below desired signal

PENNSYLVANIA
Camp Hill
(717) 737-6791
West Conshohocken
(21S) 248·1600 lind 828-6200
Monroeville
(412) 271·5227

NEW DIRECT READING
VECTOR IMPEDANCE

METER TO BE SHOWN
AT IEEE SHOW

The IEEE Show, March 22-25
in New York City will mark the
introduction of our new and
unique Vector Impedance Meter,
Model 4800A, which provides au
tomatic direct reading impedance
measurements continuously from
5 cps ~o SOO kc. Impedaflce mag
nitude from I ohm to 10 meg
ohms and phase angle from 0 to

360 degrees is instantaneously dis·
played on tWO front panel me
ters. Analog OutpUts, directly pro
portional to impedance magni
rude, phase angle, and frequency
are also available so that, by sim
ple connecrion to an X-V re
corder, dill'n reading plots of im
pedance as a function of frequency
may be conveniently obtained,

Thll' Venor Impedance Meter
will also function as a direct read
ing i·C meter covering tanges of
1 microhenry to tOO,ooo henries
and o.t picofarad to 10,000 mi
crofarads. By employing the "Q
by delta f' approach, Q measure
ments can also be made.

See the new Vcctor Impedance
Meter, the new Frequency Dou
bler Probe, as well as [he VHF
Oscillator and Transistor Test Jig
in Booths Nos, 3501-3503.
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