
DISTORTION By "CATHODE RAY" 

What Do We Really Mean By It? 

I F there had been any doubt about there being a 
great many people intensely interested in what our 
American friends call "hi fi," that doubt was dis­
pelled last autumn by Mr. Briggs when he sold the 
full capacity of the Royal Festival Hall (sitting and 
standing) in the first four days, on an announcement 
that he was going to demonstrate loudspeaker repro­
duction in comparison with direct musical perform­
ances. It has been necessary to arrange a second 
house. And I remember being mightily astonished 
when the Editor told me how many copies of the 
Williamson amplifier reprint had been sold. All this 
being so, there is naturally a demand for some scale 
of measurement for comparing one piece of sound­
producing equipment with another. The advertise­
ment copy writers' " perfect reproduction," "no trace 
of distortion," " impeccable fidelity," "thrilling tone," 
etc., cut no ice at all with Wireless World readers. 
They very rightly want some definite figures of per­
formance. 

So most of the advertisements newadays say 
"distortion at 12 watts .output is net mere than 0.3 %," 
or whatever it may be. That is certainly an improve­
ment in principle, but we may be fergiven for asking 
some questions. Is 0.3% geod, bad .or indifferent? 
If another make .of amplifier disterts 0.3 % at 12 watts 
can its fidelity be assumed te be the same? If it 
were 0.1 % how much better would it seund? And 
if it were 1 %-or S%-how much werse? 

Twenty-five te thirty years ago peep Ie were already 
taking quite a let .of interest in this matter of fidelity 
of seund reproduction, but the data then consisted of 
a graph of output against frequency-what is usually 
called a frequency characteristic. If it was in an 
advertisement, the scales were chesen .so as to make 
the graph look as nearly as pes sible like a horizental 
line drawn with a ruler. The thing was then des­
cribed as " distertienless." To the best .of my recellec­
tion, percentages were net mentiened. "Distortien" 
was generally understood to mean frequency dister­
tien-the unequal amplificatien .of different frequen­
cies. The reasen fer this was that the most ebvieus 
shortceming .of the very early gear was its frequency 
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Fig. I. ExamfJ/e of frequency distortion that is quite negligible 
as such. but should be avoided if the maximum undistorted 
fJower outfJut is desired. 
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characteristic, which consisted of a violent peak in 
the middle or upper middle, and very little else. 

Se far as amplifiers were cencerned, it was a fairly 
easy develepment to .obtain their frequency character­
istic curves and to impreve their design se as to 
flatten .out the peak inte a nearly level plateau extend­
ing ever the useful frequency range. And se began 
an era in which high-fidelity enthusiasts vied with 
.one another in smoething out the last fraction .of a 
decibel (a unit which by then had ceme inte vegue) 
often regardless .of the vastly greater irregularities in 
the characteristics .of the loudspeaker and the reom 
in which it was heard. There is a goed reason for 
aiming at a very level amplifier characteristic, but 
even now some enthusiasts may net realize that it is 
not the aveidance .of frequency distertion as such (fer 
en that ceunt a peak of the .order .of .one decibel is 
quite unimportant) but the .obtaining .of maximum 
undisterted output. If .one narrew band of frequen­
cies is amplified Idb mere than ethers, as shewn in 
Fig. 1, the whele level .of .output has te be lowered 
Idb (e.g., from 10 watts te 8 watts) in .order te aveid 
overleading. In other words, mederate frequency 
distortien is bad, not as frequency distortion but as 
a potential cause of overloading or nen-linearity 
distortien. 

Non-Linearity 

As time went en and gross frequency distortion 
was eliminated, the pessibilities .of appreciable im­
prevement .of seund by further levelling out .of fre­
quency characteristics dwindled. "Distertien" ceased 
to be frequency distertion and became non-linearity 
distortion (commenly but illegically called "non­
linear distertion "). Now this is where we must be 
clear abeut the meanings of terms. "Non�linearity" 
means lack .of straightness or proportienality .of a 
characteristic, expressed as a graph. The particular 
characteristic understoed in this cennectien is the 
input/output characteristic .of any part oflhe equip­
ment. Ordinary resisters are linear, because the 
veltage across them is directly preportional to the 

Fig. 2. TyfJical valve characteristic (a) with the curvature 
somewhat exaggerated we hope, showing the resulting 
distortion of a sine wave (b). 
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current through them; in other words, they obey 
Ohm's law. Valves and iron-cored coils do not. 
Fig. 2 (a) shows a typical sample of anode-current I 
grid-voltage characteristic. If the grid bias is set so 
that the working point is 0, an input signal of sine­
wave form will make the voltage swing equally on 
both sides of 0 as shown, and obviously the waveform 
of the output current so caused (b) is distorted, the 
positive half-cycle being bigger than the negative. 

Harmonic Distortion 

This is the effect we are now going to study. It 
is sometimes called" amplitude distortion," but that 
term has been allotted to a different effect, which 
may or may not happen at the same time as waveform 
distortion. Whereas waveform distortion is a result 
of non-linearity during each individual cycle, ampli­
tude distortion means that the output level as a whole 
is not directly proportional to the input level. It is 
possible with a characteristic of the Fig. 2 (a) type, 
which obviously distorts the waveform, for the output 
to be proportionate to the input, the opposite dis­
proportionateness of positive and negative half-cycles 
cancelling out and resulting in no amplitude distortion. 

One of the first things we learn about non-linearity 
is that it creates harmonics. This has been explained 
so often that I needn't go into it fully. The usual line 
is to add together various sine waves whose frequen­
cies are harmonically related (i.e., exact multiples of 
one particular frequency, the fundamental or first 
harmonic) and find that the results are distorted 
waveforms, some of which resemble those obtained 
by non-linearity. For example, in Fig. 3 a double­
frequency or second harmonic (b) is added to a funda­
mental (a) and the result (c) is very like the output 
of Fig. 2. That is the synthetic method. Then there 
is the analytic method of breaking down a distorted 
wave (graphically _ or by experiment) into a funda­
mental and harmonics. It is then explained that the 
characteristic tone of each musical instrument depends 
on the amounts of the various harmonics it emits 
r�lative to the fundamental, and that if these propor� 
tlon.s are altere�, either by �requ�ncy distortion or by 
adding harmOnICS by non-linearIty, the characteristic 
tone is distorted. 

True enough. But by now we are supposed to have 
got rid of frequency distortion that could drastically 
a�ter t�e proportions of harmonics; such frequency 
dIstortion, for example, as poor high-frequency 
response, which would tend to suppress them. And 
while such distortion might make a clarinet sound 
like a flute, it couldn't (even if it took place) account 
for the appalling sounds that result from severe over­
load�ng. . The fact �at the so�nds produced by 
mUSIcal Instruments hstened to WIth pleasure contain 
a generous series of harmonics is evidence of that. 
An amplifier advertised to give 10% harmonic dis­
tortion would hardly find favour with "hi-fi" con­
noisseurs, yet what is 10% compared with the 50% 
or more generated by well-regarded pianos? If the 
only effect of non-linearity were to create harmonics 
we should be at a loss to explain how such unpleasan: 
reproduction comes with quite moderate harmonic 
distortion percentages. 

It is now generally agreed that it is not the har­
monics that are responsible for the worst of. the 
unpleasantness. In Wireless World for May 19th 
1938,* I described a simple experiment for demonstrat� 

* "Debunk"ng Harmonic Distortion!' 
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Fig. 3. ShOWing how the distortion in Fig 2(b) can be made 
synthetically by adding together a second harmonic to the 
original (fundamental) waveform. 

ing this. On the assumption that copies of that issue 
may not be lying around to hand, I will briefly recap. 
A receiver is arranged with two separately-adjustable 
sine-wave input signals and an output meter. The 
low frequency, say 100 cis, is adjusted to be 10 times 
the voltage (and therefore 100 times the power) of the 
other signal, say 533 cis. In spite of this the 533-c/s 
note sounds about as loud as the 100 cis, because the 
ear is so much more sensitive at the higher frequency. 
At .first each signal can be heard as a clear pure note, 
as It was when alone. But at a certain setting of the 
main volume control a roughness of tone becomes 
noticeable; and at a still higher setting the higher note 
becomes indistinguishable, the whole output degener­
ating into a harsh rattling kind of hum. 

If now the 100 cis is switched off, the 533-c/s note 
is heard with perfect clarity. That is only to be 
expected, because it is weak enough to be well below 
the point of serious distortion. What might not be 
expected however is that when the 533 cis is switched 
o� the 100 cis. becomes quite clear and altogether 
dIfferent from ItS sound when both signals are on. 
This is so, notwithstanding that switching the 533 cis 
�ff re�uces the output power by only 1 %, which by 
Itself IS not enough to make an appreciable difference 
to the amount of distortion. An increase of much 
more than 1 % in the power of the 100 cis alone has 
no such devastating effect as switching on the weak 
533 cis. 

Intermodulation 

The obvious conclusion is that some kind of distor­
tion is taking place when both signals are being 
handled together by the amplifier which is not present 
with only one. Here again we come to a well-worn 
chapter in radio theory, of which Fig. 4 should be suffi­
cient reminder. (a) is the undistorted two-signal in­
put, and (b), assuming distortion of the kind shown in 
Fig. 2, is the distorted output. At the positive peaks 
of the " strong-low" signal the "weak-high" signal is 
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amplified more than at the working point 0, and at 
the negative peaks it is amplified less. So the weak 
signal is amplitude-modulated at the frequency of the 
strong. This can be seen more clearly if the strong 
signal is taken away (c). The said chapter of radio 
theory explains how this process introduces new fre­
quencies, not necessarily multiples of either of the 
input frequencies, but "sum and difference frequen­
cies." The Fig. 2 kind of characteristic, which creates 
mainly second-harmonic distortion of the low­
frequency signal (f" say) causes the high-frequency 
signal (f2) to wax and wane once per low-frequency 
cycle, and the frequencies created by modulation are 
mainly f1 ±f" known as the simple sum and difference 
or second-order intermodulation frequencies. In our 
experiment they would be 533 ± 100=433 and 633 cis. 

This distortion is the kind that one gets with a 
triode output valve, and which a push-pull circuit is 
used to balance out. If a pentode is used, or the push­
pull system is over-driven, both positive and negative 
peaks tend to be affected in the same way. The result 
is that the third harmonic is the strongest, and third­
order modulation frequencies, f1 ±2f" 333 and 733 cis 
in our experiment. 

Generally distortion consists of a mixture of second 
and third, with smaller proportions of higher numbers, 
but most practical cases fall into one of two main 
classes, in which either second or third predominates. 

Obvious? 

So far we have talked about the 100cls modulating 
the 533 cis, but not the other way about. Why? 
Well, if one man fought another ten times as strong he 
might inflict something on him, but it would usually 
be negligible compared with what he received. In 

Fig. 4. When a higher·frequency but weaker sine-wave tone 
is added to the low-frequency signal at the input, the wave­
form of the combination is as at (a). After suffering dis­
tortion of the Fig. 2(a) type it comes out like (b), and by 
taking away the low frequency the damage 10 the higher 
frequency can be seen more clearly (e). 
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the same way we have neglected the modulation of the 
strong signal by the weak, though it does exist and is 
why the process is called intermodulation. When two 
signals going through the mill together are equally 
strong, each modulates as much as it is modulated. 

I said that the experiment made it obvious that inter­
modulation, not harmonic distortion, is responsible for 
nearly all the unpleasantness. That conclusion can 
hardly be doubted so far as the particular conditions 
of the experiment are concerned. But it is always 
risky to draw quick conclusions about the connections 
between physical causes and the resulting impressions 
on the senses. If a physical force acts on a lifeless 
object, the effect conforms to a simple equation cover­
ing all such events. But the impressions a human 
being receives as a result of physical causes often seem 
to bear no predictable or clear relation to them. A 
race of stone deaf men, though they might master the 
science of physical sound, could never discover what it 
was like to hear. Even where there does at first 
seem to be a clear connection, it may be misleading. 
For instance, it might seem definite enough that the 
higher the frequency of a sound the higher the pitch 
of what is heard. But even there it is not safe to 
assume that the two things run perfectly parallel, for it 
is found that the pitch of a note of constant frequency 
varies slightly with its intensity. 

Still less safe is it to draw hard and fast conclusions 
about the relationship between unpleasantness· of 
sound and the distortion that causes it. Our particu­
lar " obvious" conclusion-that intermodulation 
accounts for nearly all the unpleasantness caused by 
non-linearity distortion-when I expressed it in 1938 
was immediately challenged. And it certainly is 
unwise to draw such a sweeping conclusion on the 
basis of one simple experiment. Does it hold for all 
different combinations of frequencies? And does it 
hold for typical programmes? 

One typical programme is speaking. But speech is 
an extremely difficult type of sound to study for 
unpleasantness. Music is much easier, so we shall 
assume music is our staple diet of listening (whether as 
the food of love or not is unimportant just now). 
There do seem to be some clear-cut rules about com­
binations of musical sounds. One of them is this: 
that the smaller the whole numbers in which the ratio 
of the frequencies of two sounds can be expressed, the 
more· harmonious the combination appears to the 
listener. To take one extreme, the ratio with the 
smallest possible numbers is 1: 1, which means that 
both sounds have the same frequency, �o·are heard as 
one sound, without any disharmony Or indeed any 
distinction at all bt;tween them (assuming, of course, 
that they are coming from the same source). The 
next simplest ratio is 2: 1, which means that the fre­
quency of one note is twice that of the other. 
Musicians say that it is an octave higher. Although 
of course the two notes are easily distinguishable 
when heard separately, they blend so smoothly to­
gether that most untrained listeners are unaware that 
more than one note· is being played. People are said 
to be singing in unison even though the women are 
singing all their notes twice the frequency of the men. 
This being so, it should be pretty safe to say that even 
100% second-harmonic distortion, if it consisted only 
of the creation of second-harmonic or octave-higher 
frequencies, could not cause harshness in the sound. 
It would certainly make the music sound" brighter" 
and as this would be different from the original it 
would have to be classed as "distorted," though to 
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some ears it might. be considered an improvement. 
The effect on a single sustained. note can easily be tried 
if one has two a.f. signal· generators that can be syn­
chronized. an octave apart and the higher one brought 
up from zero level. The effect is identical with that 
obtained with. a single note through an amplifier which 
can be made to give pure second-harmonic distortion. 
The same effect on real music can be produced in 
organs, by bringing in a coupler that adds octaves 
to all the notes played. This is not the same, however, 
as playing the music through the distorting ampli­
fier, because that adds difference tones as well. 

And that, of course, is the crux of the whole 
matter. But before going into it, let us continue a 
little longer with our lesson in the theory of harmony. 
As a non-musician I shall have to be careful; but, 
on the other hand, musicians themselves seem quite 
unable to talk our language of frequencies, etc. , so 
fail to tell us clearly what we want to know. 

The next simplest ratio might be said to be 3:l. 
But in music the scale starts all over again at the end 
of an octave, and so a note 3 times the frequency of 
another may be regarded as I! times .the note an 
octave higher; consequently our next ratio is really 
I! or 3:2. And the musicians would agree, I think, 
that this is the next most important "interval" to 
the octave, by virtue of which they name it the 
dominant. The original (lower) note they call the 
tonic, by the way. And when tonic and dominant 
are played together, we are conscious of hearing 
something more complicated than a single note, or 
even the" brightened" note made up of the 2:1 com­
bination; yet it is undoubtedly "in tune" and har­
monious. So is a 3: 1 combination, such as a' funda­
mental and third harmonic, because the harmonic 
lies in this "dominant" relationship to an octave 
higher than the fundamental, which as we have seen 
(or rather heard) is almost equivalent to t11e 
fundamental. 

Harmonics and Harmony 

It would seem, then, that the creation of third har­
monics would bv itself introduce no harshness or 
discord, nor perhaps even unpleasantness except to 
the musical connoisseur who would resent unison 
passages for flutes being given a harmonic accom­
paniment. The general effect would be to make the 
balance of tone still "brighter" and also somewhat 

" richer" by the addition of. the new harmonies. 
"Nasal" is a description that is sometimes. used to 

refer to the double effect. 
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Fig. 5. Here, (or com­
parison with the 
square-law character­
istic o( the triode, 
shown in Fig. 2 (a), 
are two varieties o( 
the cube-law charac­
teristic, typical o( pen­
tode valves and iron­
cored coils. 

Fourth harmonics are .two octaves higher than the 
fundamental, and as regards harmony are therefore 
less conspicuous than. third harmonics. The only 
serious effect would be if they were strong enough 
to make the music sound two octaves higher than it 
was supposed to be, but in practice this would hardly 
be so. Any distortion that produces fourth harmonic 
also produces much stronger second harmonic. 

A similar principle holds with the odd harmonics; 
fifth is accompanied by much stronger third. But 
how do we expect the fifth to sound in relation to 
the fundamental? Relative to two octaves above the 
fundamental, its ratio is 5:4. And I think the musi­
cians would still be with us if we declared that this 

Fig. 6. When the characteristic has 
a sudden bend, like this, the higher 
harmonics are created at· appreci­
able strength. / 

is the next easiest on the ear, after octave and domi­
nant. Sol-fa practitioners i�entify it as "me" above 

"doh." If all four notes we have now considered are 
played together-doh, me, soh, doh-the combination 
is still harmonious and pleasant. It is, in fact, the 

"common chord." But I suspect that a musician 
would consider it a bit thick, in more senses than one, 
if every single note of his composition were replaced 
by this four-note combination; which is virtually what 
would happen if all harmonics up to and including 
the fifth were added. However, although it would 
not be a faithful reproduction of the composer's inten­
tions, the non-musical hi-fi expert, without being able 
to compare it with the original, might (I suggest) be 
unable to recognize it as "distortion" in his sense 
of the word. 

And so we could go on. SixtH. harmonics are like 
thirds except for being an octave higher.' But when 
we come tp the seventh, the ratio to the next lower 
octave above the fundamental is 7:4. According to 
my untutored reckoning, this is B flat in relation to 
C. I don't know how it is rated by the musicians, 
but it sounds pretty discordant to me, even though 
my musical taste tends towards the modern. The 
eighth harmonic is three octaves above the funda­
mental, so may sound rather squeaky but certainly 
not discordant. The ninth, which after deducting the 
whole octaves is like sounding "doh" and "ray" 
together, is aggressively discordant. As we go higher 
up the series of odd harmonics the numerical ratio 
becomes more awkward and the musical sound more 
discordant. The even harmonics are not quite so, 
because the number can be simplified by dividing 
by 2, perhaps more than once, and that is musically 
equivalent to the interval of an octave, which har­
monically hardly counts. Take the 12th harmonic; 
in relation to two octaves above the fundamental its 
ratio is 12:4, which simplifies to 3:2, and that, as we 
have seen, is a very easy harmony. But the 14th can 
only be simplified to 7:1, so it is the lowest discordant 
even harmonic. 

What decides which harmonics are produced, and 
how much? As one can find out by making the same 
sort of comparison as Fig. 2 with Fig. 3, using 
different input/output (or" transfer") characteristics, 

(Continued on page 195) 
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or, more elegantly, by mathematics,* it is the shape 
of the transfer characteristic that is responsible. The 
two most important are the square-law, with its 
smooth one-way bend shown in Fig. 2, which pro­
duces second harmoniC, and the cube-law, with its S 
bend (but still smooth) shown in Fig. S, which pro­
duces third harmonic. The sharper and more 
irregular the bends, the higher the harmonics created. 
The characteristics of valves worked under reason­
able conditions are usually one or other of the first 
two (though less exaggerated) or a combination of 
both, and harmonics are therefore nearly all second 
or third or both. And we have seen that these are 
not in the least discordant. But if a valve runs into 
grid current at the signal peaks, or for any other 

• See "Relationships between Amplitude' of Harmonics and 
Intermodulation Frequencies," by M. V. Callendar and S. Matthews, 
in Electronic Engineering, June, ]951. p. 230, where the results are 
conveniently tabulated. 

reason has a characteristic with an abrupt corner, 
such as Fig. 6, the resulting harmonics are distri­
buted well up the scale, including perhaps appreciable 
amounts of the discordant numbers. Incidentally, a 
practical way of seeing the shape of the transfer 
characteristic of an amplifier is to connect the input 
voltage across the X plates of an oscilloscope and the 
output voltage (phase-spifted if necessary to close the 
loop) across the Y plates. 

It seems that unless the characteristic is so unsuit­
able that it brings in at least the seventh among the 
odd harmonics and the 14th in the even series, there 
should at any rate be no harshness, if harmonics were 
all that happened. However, there are intermodula­
tion prodjJcts to be reckoned with. And I am afraid 
that if we started to reckon with them at all seriously 
just now it would take up too much space. We shall 
have to put it off until next month. 

Output Transformer Design 
For Amplifiers Employ ing Negative Feedback 

By R. F. GIBSON* 

I T is relatively easy to design a feedback amplifier 
with a flat response and good inherent stability 
to cover a range of 9 octaves. It becomes increasingly 
difficult, however, as the range is extended -another 
one or two octaves, largely owing to instability troubles 
caused by the output transformer. 

The basic requirements for a.f. transformers for use 
with negative feedback amplifiers, providing low­
distortion power outputs, are well known but may 
be briefly recapitulated as follows:-

High primary inductance. 
Low primary/secondary leakage inductance. 
High-frequency resonance at a frequency where 
the loop gain of the feedback section of amplifier is 
less than unity. 

Some additional considerations of practical importance 
are:­

Economical design. 
Adequate electrical insulation. 
Suitable choice of core material. 
Moderate PR losses. 
Consideration of these requirements will show that 

the design features must effect as good a compromise as 
possible between several conflicting reqw.rements, 
e.g., high primary inductance means a large number 
of primary turns which necessitates a large PR loss 
or a large winding space. A large winding space 
requires a highly sectionalized winding to keep down 
leakage inductance. This precludes economical design 
and increases the difficulty of maintaining adequate 
electrical insulation. 

One way of reducing primary turns is to use a high 
permeability core material, but this solution is often 
ruled out on the score of cost. 

* R. F. Gibson, Ltd. 
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The ordinary grades of silicon iron have a relatively 
low distortion coefficient but suffer from the dis­
advantage of very low permeability at low flux densities. 
This has a serious disadvantage when considered in 
relation to feedback amplifiers. Briefly, the very low 
primary inductance at zero signal level necessitates 
the amplifier designer using otherwise unnecessarily 
long time constants in his l.f. couplings to keep away 
from the 1800 phase shift associated with a 12-db 
slope which would result in low-frequency instability. 
No doubt many readers will have had painful experience 
of this trouble. 

Instability 
One major cause of h.f. mstability is resonance 
" inside" the range of significant loop gain, resulting 
in a reversal of feedback polarity within the pass band 
of the amplifier. This is usually produced by the 
increased leakage 'inductance associated with a large 
number of turns in conjunction with high inter­
winding capacitances. 

The foregoing remarks may appear to give a some­
what gloomy picture of the performance of an output 
transformer in a high-quality feedback amplifier. 
Fortunately, it is po�'sible, by careful and adequate 
design, to obtain a performance which, in fact, leaves 
little to be desired, apd some of the basic. require­
ments of such a design will now be discussed. 
1. Core material: There appears to be no better material 
at present aV;lilable than silicon steel. There are, 
however, several varieties of this material the relative 
merits of which will be discussed later. 
2. Winding sp(u;e to .core cross-section ratio: without 
going into the mathematics of this problem it may 
be stated that economic considerations inevitably lead 
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to the choice of a small window to core ratio; this 
choic� also helps considerably in e�sing the problem 
of 9btaining a high resonant frequency and.1ow leak�ge 
inductance. 
3. Efficiency: Once a smaU window .space. has been 
de<;ided upon it will be found that the weight of copper 
which can .b.e fitted into it is small and therefore it 
becomes fairly safe to assume that .the 12K losses will 
not be unreasonable, providing the primary wire 
gauge is large enough to handle the r. m.s. value of 
standing d. c. plus audio-frequency current without 
overheating and the PR loss ratio between primary 
and secondary is reasonably near 1 : 1. 
4. Primary Inductance: An empirical formula which 
has been found useful in determining the primary 
inductance is-

Rl x Vf3 
L 

= 2 X 10"············· .. ·········· (1) 
where L is in henries, Rl = anode-to-anode load 
(ohms) and Vf3 is the feedback voltage ratio. In 
the case of push-pull EL84's with 26 db feedback, 

. 8000 x 20 
this works out at 

2 x 10 3 

5. Flux density: Again a simplified equation-

10 3 ylWRI 
N= KfA (2) 

where N = number of primary turns, W = V.A 
input to primary, Rl = anode-to-anode load in ohms, 
f = frequency of bottom distortion limit, A = cross 
sectional area of core (sq. in.) and 

K = 1.6 for intermediate grade } 
1. 7 for high grade laminations 
3.3 for " Unidi " material t 
3.5 for " C" cores 

This formula gives a practical answer for ratings up to 

2 W 'f h 
. .  

h 
. 

f 
,\/W X 30. 

5 1 t e core area IS m t e regIon 0 
0 K) f 

( .5 + x 

Empirical data plus a consideration of general 
requirements will then enable a .suitable core to be 
selected. 

Going back to a' choice of a suitable core material, 
we have available, intermediate grade silicon steel, 
high-grade silicon steel and oriented-grain silicon 
steel, the last mentioned being available in the form 
of either laminations or " C" cores. " C" cores 
are expensive and show only a small advantage over 
" Unidi " laminations 'both as regards the coefficient 
in equation (2) and the primary inductance to ANz 
ratio. Oriented grain material does however show a 
very marked advantage over the other grades of silicon 
steel and in the case of laminations· is reasonably 
economical provided that it is obtained in the form of 
" no waste" E and I laminations. 

It now remains to select a core size which can 
be made to satisfy the requirements of equations (1) 
and (2) and the. clause concerning temperature rise. 
In the case of a 12-watt transformer using push-pull 
EL84's, the" no waste" size 4, having a lin. wide core 
and a Hin. X �in. window, fits the requirements when 
built into a square stack. 

The simplest winding arrangement which will 
provide a level response up to 30 kc/s is as shown in 
Fig. 1. and this provides a d.c. resistance balanced 
with respect to Al to h. t. and Az to h.t. The inter-

t Geo. L. Scott and Co., Ltd. 
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Fig . . I. Simple method 
of sectionaliz;ing which A I 
gives adequate coupling 

winding capacltles are unbalanced but the overall 
coupling factor is good enough to take care of this. 
It should be noted that the winding layout shown is 
not suitable for a transformer having primary taps 
for the so-called "ultra-linear" circuit. One way 
of providing correct screen couplings is to transpose 
the primary and secondary windings. 

Tests carried out on a transformer designed accord­
ing to the foregoing data show that the expected results 
are well maintained in practice. The actual readings 
obtained were:-
Primary d.c. resistance 3400; secondary 0. 980; 
leakage inductance 24mH; initial inductance of 
primary, better than l30 H. 

The measured performance is as follows:-
± 1 db from 25 cis to 42 kc/s and the distortion limit 
on a sine wave trace is 28 cis to 35 kc/s at 12 watts 
output from secondary, these figures being slightly 
over 1 octave better than can be obtained on the same 
size of core with intermediate grade laminations. 
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