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Distortion in Transformer
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HE basic cause || & L
HE examples considered so far and nature of g sk bk e
have all assumed a resistive load iron distortion in - FEAX FLUX DEwsITY  (Lives PEm 3Q. om)
on the transformer and also that outout tr
the anode currents of the push- ? el e -
pull valves were accurately balanced, so fm sz:ve been - Fig. x7.~~The relafive inductances. of ‘a trais-
. that the core was not polatised. In addi- ?;ww wc;:ke two previous instalments. Rotraar with, varyiog degrocs: of polacisation
" tion, only one grade of magnetic material is article deals with the secondary | S foe &% vales 3 £
lm-sA !i»een exa.n:unk'e ed analytically. effects that have to be considered before PRSI0 qunel . WlScorcy: :
. loud speaker does not behave so con- a reasonably complete understanding laced by th z
el ax § sosisiance when coukiiatiop of the subject can be claimed, for that aatie) B0 el oF i e
the same ohmic value at all frequencies, %-1’28Arélur‘2ish1;n§ otfh:;e tﬁoaait:. ﬁriﬁ;
Foa ; high to help very mich.” R is almost 'the
= same as the speaker impedance multiplied
g : by the square of the transformer ratio.
s Tt i Columns 5, 6 and 7 of Table 4 show the
gt 1 K B total distortion at 50 ¢/s, when R is equal
I B it g t0.8,000, 12,000 and 16,600 ohiis respec-
ERy T S : tively. Although the transformer appéars
i3y ! - A4 B pa.ssablf’ good with a resistive load, con-
ok B R 5 siderable distortion will be produced in’
--; Tl M 1T 1 practice when using a speaker in conjunc-
R T4 tion with high-impedance valves, _
Y !l' ’* : i 4 “ y/ It is well known that direct current
i | ! I passing through the primary of a trans-
A v A P former polarises the core and causes a
i > gBa drop in the inductance. One of the ad-
- . 1 - i vantages of the push-pull arrangement is
1Y N -~ 2 WaATTS that the anode currents of the two valves
- — — traverse the transformer windings in oppo-
7! 2 T D site directions and cancel each other mag-
o 700 s netically, But an exact balance of these

currents is unlikely unless some special
precautions have beén taken to ensure it.
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“but & speaker varies énormously, Fig. 16
-shows the impedance curves of the Celes-
tion' Ess5: speaker. ~ These "curves were

-given to the author by Messrs, Celestion,

‘impedance with frequency and how this
curve ;changes with ' the speaker field
strength. . i

“The sharp ‘rise of impedance at -around
50 to 6o c/s, which is commom to.all
speakers, is serious. - It causes the value
of R in the'formula (3) to incréase and
the transformer distortion will be accentu-
ated as a result. An example on the lines
of those given last week will illustrate-the
point. e L
Consider an' output - transformer for

il ap vasies considerably with
‘f.l'he rise around 50 to 60 c/s accentuates transformer
two KT66's in push-pull, having 2,800
turns on a r}in. stack of No. 4 stampings.
This is a more lavish design than that

‘Lid., and indicate the variation of speaker .

given in Example 2

ncy and the

An examimation of the influence of the
small out-of-baldnce currents likely to be
met in practice is therefore of interest.

Fig. 8 in Part I showed how the induct-
~ance or impedance of a transformer varies
with the AC flux density in the core.
Fig. 17 repeats this corve together with

m Part II, and TABLE 4

Table 4 shows that

the resultant iron Distortion (per cent.)
distortion is notice- B I:Fut‘;: o

Scis 10 cuodalong Redlo0 B 000 | B=8,000 | B=12,000 | R-10000
is 4,000 ohms. — -

Column 4 appliesto 100 05 28000 185 37 . 55 7.4
e g nomm oW 47 4 4
states the total per- W : g . ) -
centage distortion ::% ,%% 52:% %ﬁ ﬁ' 3@ lg:g
at 50 cfs. If the ‘6000 ‘180 55000 a3 6.6 100 - 132

resistive load be vt
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three additional curves which show how
. drastically a polarising current reduces the
~ impedance. The values of the DC mag-
netising force are marked on the curves
and .they correspond roughly to out-of-
balance currents of 2.5, 5 and 10 mA in
a transformer such as that analysed in

3 Table 4. Obviously, the effect of even
a small out-of-balance current is not
3 negligible. Formula (3) states that the

effective distortion will be increased in in-
verse proportion to Zr. It follows that
some means of securing equality of the

:Fig. IS—Smaii out-of-balance between the
anode ‘currents of push-pull valves is sufficient
to reduice the transformeér inductance and to add
ven harmonics to the existing ifon distortion.
anode’currents should be provided in high
fidelity push-pull amplifiers.

.‘Nor is the loss of inductance the only .
esult " of polarisation. ‘Fig. 18 gives-
oscillograms showing the production -of"
even harmonics. At (a) is the current
wave form at an AC flux density of 2,920
1{ies Per 'sq. cm. (no DC. component).
This oscillogram is the same as-the corre-

cluded) being fed into

‘‘often occur in a normal programme.

. makes the similarity between the two con- .
If the current at the ;|
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resulted in the wave-
form at (b). The cur-
rent is larger owing to
the lowering of the
inductance and also
the wave form is not
symmetrical about the

HT14}

zero line. The latter "
points to the presence
of even harmonics.

The third oscillogram
(c) shows how both
effects are magnified
by doubling the DC
field strength (H=
0.6).

.. The preceding con-
siderations relating to
the effect of DC lead
to an interesting line of
“thought. Tmagine two

L'y

widely different fre-
quencies (DC  ex-| . J__a;_J

Fig. 20.—The of ||* . 1
circuit employed to ob- ) .-
tain the oscillograms "

reproduced in Fig. 21,

a transformer simultaneously, as must

Periodicities of 50 and 500 ¢/s would suit
the case. How can the higher frequency

distinguish between the peaks of the 50 - |

‘c/s current and a direct current ? Fig. 19

ditions easily.seen,
lower frequency behaves in the manner
of DC when at its peak values, we should
expect the higher frequency to be modu-
‘lated by the lower frequency.

To show that such an effect does indeed g

take place, a circuit similar to that shown
in Fig. 20 was set up. The important

points' to note about it are: (1) high im--%,

pedance valves. are ‘uSed, and (2) the
transformer’ is -virtually unloaded since
the oscillogtaph has ‘a_very high input
impedance..~ The resultant oscillograms,

therefore, show the wave form of the open o
circuit voltage, which exaggerates distor-'
tion to & maximum as was mentioned in .

the ‘Appendix to Part I -of the series, .

Fig. 21i.(a).shows the wave form of the <
"50,¢/s output voltage”
* when the flux ‘density

{ ta)

% |~ transformief was of the

order, of 300 lines per
" s4. em. At (b)'is
" shown the wave form
of the 500 c/5 output..
this ‘case was ~ very
small owing - to' the

(b)

Fig. 19.—Showing the similarity between (a)
#a'high fréquency superimposed upon the peal of
. ".a low frequency and (b) superimposed upon DC.
'spbndjng one in Fig. 3, but the current
~scale is' smaller. Superimposing a DC
" magnetising “force of H=o0.3, roughly

equivalent t6 2.5 mA. difference in the

anode currents of two push-pull valves,

higher order of the fre-

quency,

of affairs when the two ‘frequencies were

applied together. Note that the 500 ¢Js-

Fig, 21.—The

by low £ It is st in the text that

the effect is not very important in”practice’- *

in ‘the core of the -

The -flux ~ density. “in

; 2 cy, and, there- .|
fore, little iron distortion can be observed, -1
The next ‘oscillogram (c) depicts the state °.

etic characteristics of iron - =
are such that high frequencies can be modulated: . -

wave is not simply added to tﬁé wave
:shown at (a), but it has been modulated .
as well. The variations of amplitude are

gy CTRTRITIT
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easily detected, but to make it still more
obvious, a device was rigged up that
allowed the low frequency voltage to be
taken out, leaving only the distorted ur
modulated 500 c/s wave,

This is given in

Vicor

 Fig..22.—The current distortion. varies widely
+-with different magnetic materials. The above
;. oscillograms were taken at a flux density of
4,680 lines per sq. cm.

Fig. 21 (d}). The sine wave marks the
phase relationship of the 50 c/s current
through the primary, which was respon-
* sible for medulating the 500.¢/s wave.,

In reality the facts illustrated in Fig. 2x
(c) and (d) are not quite so simply ex-
plained as it might appear from the above.
But this is of no immediate consequence.
The point is that high frequencies are
modulated by relatively lower frequencies,

" Wirele
. ‘World

Fortunately, several facters are present
that prevent this type of distortion from
being prominent in practice. The modu-
lated wave can be looked upon as the

SS
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R is a constant of the circuit, but x and
Z¥ depend upon the characteristics of the
iron. The values of x are to be found in
Table 5 for B=4,680, but ZF is not dis-

original frequency plus a number of others

superimposed. Usin
the 500 c/s has acq
The transformer can again be accepted
as the generator of the unwanted fre-
quencies and a method of calculating the
distortion in normal conditions can be de-
duced. Space dées not allow of a full
description, but it will suffice to say-that
the effect is negligible compared with that
of the harmonic iron distortion to which

this article is mainly devoted.

. The laminations or stampings for trans-

formers can be obtained in a number of
different magnetic materials, AIl the
results described up to this point have
applied to the alloy known as Silcor 2,
by Messrs. Magnetic and
of Wembley.
upplied by the

manufactured

‘Electrical Alloys, Ltd.,

Other possible materials s
same firm are Silcor 1, Silcor 3, Silcor 4
and a rather different all

Vicor,

g the radio analogy,
uired ‘‘side-bands,’’

oy known as
The magnetic characteristics of
each are different and it would be reason-
able to anticipate variations in the degree
of distortion caused by these alternatives,
To investigate this matter, current oscil- -

TABLE 6
_—

Total ®

Zr Distortion 7

. (per cent.) ¥

Material
B = 4,680

Bilcor 1 460 37.5 0086
Silcor 2 420 38.7 0100
Biloor 8 340 33.7 0105
Siloor 4 266 28.6 0107
Vicor- 490 28.5 0061

closed. A curve similar to that given in
Fig. 8'is required for each material These
will be found in Fig, 23. Using the latter
curves in conjunction with Table 5 some
idea of the merits of the several alloys can
be obtained and also some information on
how they should be used to the best
advantage,

First of all, we will consider the result
of substituting one in place of another
without altering the windings or core area

lograms were taken for each material at a of the output transformer. Obviously,
: TABLE 5 such a proceeding would change the
values of both x and ZF in formular (3)
Percentage Harmonle Distortion and the excellence of any. particular core
(Current), B = 4,680 o
Material will dépend upon the ratio Z‘—F. In Table
8rd 5th [ Tth ‘ Total 6 the total distortion produced by each
grade of iron has been set ogt, together
Sidooe 1 23 %3 100 . 378 with the relative values. of ZF extracted
lcol e i . * 1 A - . . * -
Sioor2 . 200 il1 .88 35y from Fig. 23. The: final Cdm:n shows
Bileor 3 ... 18.2 9.2 6.3 83.7 E 2 : i
Slowd - 158 78 33 26.6 the relative dl_stortwn figures (ZF)'
149 80 56 285

flux density of 4,680 lines per sq. cm. The
photographs are reproduced in Fig, 22 and
the results of the haronic analyses are
giver-in Table 5. These oscillograms and
the distortion figures obtained from them
may be compared with Fig. 3 and the

point on' the curve
of Fig. 5 corre-
sponding to B=
4,680. The condi-

tions of test are the |

same, but the core
material is varied,
One cannot jump to
an immediate con-
clusion as to the
relative merits of
these materials
merely by consult-
ing Table .5. The
basic distortion is
not so important as
the actual distortion
under normal con-
ditions of use and
formula (3) told us
that this ‘depends

R
upon % X .

To make the significance of this quite
clear, an example will-be given, Suppose
an output transformer has'a core of Silcor
2, such as any of those described earlier
in the article. If the irom ‘be removed
and, say, Silcor 4 substituted, two major
changes in the characteristics of the trans-
former will be brought about. First, the

INDUCTANCE OR IMPEDANOE (ARBITRARY UNITS)
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be

23.—This graph “illustrates the relative inductances that would
obtained by substituting five different ‘grades of iron in a

transformer,
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71 . inductance of the primary will be reduced
. in the ratio of 420 to 265 (see Table 6)
and secondly, the percentage distortion
caused by the iron at a flux density of
B=4,680 will be increased to 1.07 times
its original value. Note carefully that the
iron distortion will be only slightly in-
creased, but it is possible under certain
circumstances that the loss of inductance
may considerably increase-valve distor-
tion owing to the anode load falling below
“its optimum value, s
. Looking at each of the samples men- -
" tioned in Table 6 in a similar way to that
just.described, it will bé noted that Vicor
%ﬁ__qutsta:_xcli.n'g]y good. . The concluding
" part of this series will deal with the appli-
vcation of this material to ultra-high fidelity
) outpuit ‘transformers.

s, Instead of substituting one type of core

ormer “might- be “modified " to - accommo-
“ddte'the new material. For éxample, stip- -
os¢.we'have @ well-designed output trans- *
. former with a core of Silcor 4 and, ‘being "
attrdcted by the high permeability of
“-Silcor 1, we decide to employ this alloy
for the production of an electrically
similar transformer. The substitution of
Sileor 1 for Silcor 4 would increase the
inductance from 265 to 460 (see Table 6).".
"“Hentce one would be justified in reducing -
~~the core areéd in the same proportion in
-orderto end up with the same inductance -
‘ds ~the  original transformer, which we.
-asstimed -was".adequate. The usual fre-

: for another, .the design of tlie entire trans- -

‘mecessari
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quency response test would show the new,
smaller transformer to be as good as the
original large one. But the Partridge Dis-
tortion Index would tell a different tale,
Since ZF has been made the same for both
traasformers, the figure of merit given in
Table 6 no longer-applies, and the ratio
of the basic distortion figures. (26.6 per
cent. and 37.5 per cent.) must.be used.
Actually, the position is very much worse
than this because by reducing the core ¥
area the flux density has been correspond- ing the code at home. =%
ingly increased and, therefore, a much ——

higher distortion figure must be taken for 3 .-Allen Conceitils 'Re-e:;ﬁ-im 20

the Silcor 1, o 3
These illustrations show that the substi- - - Loud- Spea_ker e
ESIGNED | for sound distribution in "

tution of a higher grade of core material

results in a small improvement in-the jron offices, .factories, etc:, this loud speaker
distortion produced by a ‘transformer. ._is designed for fixing either to the ‘wall or
But to employ a high grade for-the pur- “ceiling:by . rieans’ of the universdl brack
pose “of reducing size and/or weight ré- -.-with,which’it is supplied.. . It is 22 inches in
sults'in a substantial increase of distor- ﬁmmc‘:?;i:hd“fuﬂ?mn inches from
tion. . It would seem that . - +kha Burlace X Tho" wall, & - sl 2 s
transformer it be large,  Also, & ligge _The combined hora, and rolciot i bill
transformer using low-grade iron will give ~ UP Sf two metal spinnings, #hich ate fgrmed
rise to. less -harmonic - distortion . than ‘a

In Forthcoming Issues

FOUR-BAND TRANSMITTER. De-
. sign and construction of e!ﬁcit?t and
inexpensive equipment using the new
tetrode tmnm?:ttfng valve. ; ;
Notes on the ELECTRIC GRAMO-
gl—ltgﬂE. .hl?mthu, ._iuformléﬁon .on\ttl;e R
exible’ high-quality amplifier recéntly - T
-described, Oy ampl A i

MASTERING MORSE.

Aid topr:.ctu—

in such’'a way that they are inlikely o' be
: HOmC , set into natural vibration- by -the' found
small transformer having the same induc- waves. They give complete protectioh to
tance but using high-grade iron. - the front of the unit, which should be guite -

In fact, the terms “high grade’’ and impervions .to: driving rain .if the loud . - . ;
“low grade” are not at all applicable speaker is required for outdoor use. el
as far as speech transformers are con- . Tests showed the useful freqiency re-
cerned. The terms originated with refer: . - . . e
ence ‘to mains_transformers, -where core - ’ o ]
losses are so very important and one must ~
guard - against wrongly simagining 'that -
what .is Food for a mains transformer -is

y good for a speech transformer.
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_ e Sound 41.5 Mcfs ;"
A‘ﬂdh;ﬂl.ll':l apednf Alm &ﬁn;;lilqalén Hqn="",
2 .g!_vui”.-fra’m-'ll a.m. to 1

e day." The -National ‘or Regionalpro- :
‘?‘:?gra.rpm ‘will';be ' retayed ‘on. 41.5 Mcfs"

Terints 0.3 fom ‘Wimblédon. - Thié Semi-,

R T e St e
g et  AFRIDAYEJULY 7th,
2.30-5,. Tennis “0.B. -from ' Wimbledon. The
Semi-Finals" of.'the Ladies’ Doubles and the
nal of ‘the Men's Singles.

‘Edward Cooper' and Patricia Leonard in
"'Loook Here | ”* @ new revue by Nicholas Phipps.
* 9,30, Gaumont-British News. 9.40, " Travel-
“-ling Light;” a description of the contents of a

suitcase for .a holiday abroad. ~ 9.55, " Zoo
Babies "—Film.- * 10.5, "Leila Howell, ’cello.

10.15-10.30, " Sunday in the Country,” S, P. B.
Mgis introduces viewers to his favourite corner
. of "Sussex. "

-t CZSATURDAY,” JULY $th, E
0-5, ‘Tennis. O.B., from Wimbledon. The

"Finals of the Ladies' Singles and Doubles, and

:-the Findl of the Men's Doubles.

Television Programmes -

‘tended-. for . demonstration purposes.'will -

9-10.30,  Gallows Glorious,” a special adaption
0
2 ‘poon each “pla

im -approximately 7.45 to 9 p.m. dally. -
e y it p. o ..3.20, ;Joan Collier .in Songs, with Evel Burns
HURSDAY, JULY: 6th = 7w

Grace.in “ The Fame

‘of the Lidies’ Singles with a commentary *
omias - Woodtoolle. .+ 330 Ganment, -~

-+ Trials- of .Literature -and Drama. C
'"D.~A.,;Clarke-Smith and Alan ‘Wheatley,"

. mews. .9.25, Musical Bee. 10,5, Cartoon- ;

* of Cookery—Marcel Boulestin,

. Visicn 45 Mcje :
of the play by Ronald Gow. The action takes
place in America in 1859, ] o = AT

/7%, .. SUNDAY, JULY oth. . &' - -
3, Friends from the Zoo. 3.15, Cartoon Film.
at the piano. 3.30-4; “ The
thé—Pia_;z_:E—Fﬂm.-. 2y B
8.50, News. 9,5-11.5, '‘Wendy Hillier  as

ace . in ; of: Grace - Darling,” a
new play b}r Yv::l-h X’l?u‘lhlu. . R

_~7 4 <MONDAY, JULY 1oth / ..
3-4, “Fiat Justitie.” E

Plough that Broke

-from :Fmaq.u-.
Cast includes -

9, Friends from the Zoo. 9.15, British Movi t5-
10,10:;2.29, This Motoring ,lustrated o °
verse and cartoon eginald Arkell and'Harry -
Rutherford. ’ ; % m _.‘_-'..a'n-.T
TUESDAY, JULRY 1xth, ‘% =%
3, " Lock Here!” (as on Friday at g9 p.m.).
3.35, British Movietonews, 3.45, Foundations

9, Gaumont-British News. 9.10-10.40; * In-
quest,” a play by Michael Barringer.
WEDNESDAY, JULY 12th. -
3-4.30, " Gallows Glorious "’ (as on Saturday
at 9-p.m.) ; i
9, Foundations of Cookery—Marcel Boulestin,
9.15, Cartoon Film. .. 9.20, * East End *—Talk, -
10.5, Demonstration of Ballroom i
Alex Moore and Pat Kilpatrick, 10.15, Briti
Movietonews, 10.25-10.35, Etitnne Amyot,
pianoforte. 2
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