HERE are- two- distinct -types of
distortion in audio-frequency ap-
paratus, (1) frequency - distortion
and (2) harmonic or amplitude

. distortion. To achieve ultra-high-quality

“reproduction it is necessary to study and

“eliminate both. Obviously, it would be

vaseless to construct an amplifier having

a perfect frequency characteristic if it pro-

“duced, say, 10 per cent. harmonic dis-
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tortion normally occurs in an output trans-
former? A little reflection will bring home
the fact that such figures are never called

HIS is the first of a series of articles
in which the question of amplitude
disiortion arising in the irom core of a
transformer will be dealt with on a
quantitative basis. Information on this
subject 15 scavce and
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into question. Har-
monic distortion
has been com-
pletely  overshad-
owed by considera-
tions of frequency
response.

The simplest way

VALVE OF IERO
IMPEDANOE

(k)

the current flowing in the

ortion at normal volume | Yet, strange as
it is, this very one-sided treatment seems
“to be accepted as adequate when referring
o output transformers:
That iron introduces harmonic distortion
Ias been known for a very long time.
ext-books and periodicals, not omitting
hé Wireless. World, make frequent, if

“
Fig. 2—A4 typical-oscillogram obtained from
the arrangement of Fig. 1 (a).

- Obscure, references to it, ‘' The core must
.be operated. at a low flux density’’; “a
large core should be employed," etc., are
typical observations. But how low must
be the flux densify and how big the core?

~* Above all, what percentage harmonic dis-

: Fig. 1.—At (a) is shown an easy method of observing diftortion of

indicates the equivalent valve circuit.

of making the

. acquaintance of
of a transformer, while (b) iron distortion is to
connect the pri- .

mary of an output

transformer. across the 230 V. 50 c/s

mains with an oscilloscope in series with .
A typical oscillogram. -

it as in Fig. 1 (a),
is reproduced in Fig. 2.

The sine- wave represents the ‘mains
voltage applied to the transformer, and
the distorted curve represents the current
flowing through it. The latter lags behind
the yoltage, as would be expected with an
Inductive load, and is badly out of shape.
True, the circuit is not the equivalent of
that in which output transformers are
usually employed. First, the secondary
is not loaded, and, secondly, the mains
must be regarded as_having zero imped-
ance. Fig. :
sponding valve circuit, But although the
arrangement is not representative of the
usual conditions of operation, it will be
seen later-that it provides a key to all
cases. The next step, therefore, is to put
our somewhat haphazard  experiment
upon a more scientific footing. »

There is a well-known formula which
runs as follows:—

. Volts X 10 -

" 4.44 X Frequency x Core area X Turns

. (1)

Fig. 3.—A series of oscillograms “illustrating
how current distortion varies with flux
density. B ' is the value of the peak
flux density." The coré material was Silcor 2.

1(b) indicates the corre-
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= ““B” is the peak value of the flux
#F" density reached in the core during a com-
¥ plete cycle. All the constants on the right-
~ hand side of the equation are easily de-
~ termiried. The volts will be 230 or what-
" ever the mains voltage happened to be
4" when the photograph in Fig. 2 was taken,
% . 'the frequency 50 c/s, the core area (in
. 8q. cms.)‘can be measured and the turns
., upon the primary of the transformer can
- be. counted. Thus the peak flux density
- is readily deduced and our photo is at
once elevated from a typical example of
» distortion to a specific - instance of dis-
tortion at a known flux density.

AUTO~TRANSFORMER BUPPLYING
/Tﬂf VoLTAGES

4.~y 4.—Amodification of the circuit in Fig ©
¥ (a) which allows observations of distortion
i at vafious known flux densities.

¢ udoAn “extension of this idea can be added
'y #turning, formula (1) wound-the other
: - way, ‘thus:—
W My dedd %' B x Frequency X Core area X Turns
: e e e . 10° y

LR b ; .o [2)
3y splecting .2 number ‘of values of
57 for whichiywe should like distortion
vés, the“required test voltages can be

5 ' auto-transformer | will

-harmonic, bot only the third, fifth, and

- -of 'such voltage :and periodicity as.to pro- "
" duce the corresponding flux dénsity. The

" distortion. the transformer would produce
~in normal "usé, but ‘rather represent.a’
» characteristic ‘of . the core material: “We -
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ignored by the reader; the distorted
current curves are all that matter for the
moment. The maximum flux density is
marked on each photograph, The par-
ticular material used for the core of the
transformer was Silcor 2, suprﬁed by
Messrs. Magnetic and Electrical Alloys,
Ltd., of Wembley. This grade of iron is
commonly employed for speech trans-
formers, and can be taken as representa- .
tive of general practice. = Obviously,
different grades ‘of iron are likely to pro-
duce different degrees of distortion. This
aspect of the problem will receive full
attention-later.

‘With a modicum of mathematical know-
ledge and unlimited “patience: one can
analyse the curves of Fig. 3 and produce
a graph showing the magnitude of the
various harmonics at all flux densities.
Fig. 5 gives the result of this labour, and, .-
as will be seen in due course, is a highl
important addition to. our knowledge of.
the characteristics' of magnetic materials.

The harmonics are expressed as a’ per-
centage of the fundamental—i.e., of the
true 50 c/s current, Only odd harmonics
are present, as would be expected from
the symmetrical nature of the oscillo-
grams. Even harmonics resilt in an un-
symmetrical wave shape. The analysis
was in all cases extended to the eleventh

fied circuit.

p]l:}l.yed'.
seventh were found to be of importance.
The meaning of Fig. -5 must be
thoroughly understood before proceeding.
It shows the harmonics, expressed as a
percentage of the fundamental, present in
the current flowing through an unloaded
transformer when the said transformer is
connected across a low-impedance ‘source

figures give. no ‘direct iridication of -the
necessi

s e 7 g

uf

3

asé. with”the yoltage,
taken for calibration
5, and “can'<be

HARMONIO® {PEROENTAGE nr ruﬁéa}uﬁ'\'_n.'__ :

-.\i’a_yéry-important series

'f.___p[_-‘.'cu'wu_ and forms the
= . basis.of transformer dis-
"7 foition valculations;
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have to find out how these figures may be
used as a basis for calculat
formance of the transformer

Fig. 6.—Showing how a medium_
in series with the transformer. caiiles’
current and voltage to be distorted.:

Increasing the impedance of the AC
source—i.e.,  the .mains supply—would
bring conditions more neatly into line with
those found in practice.  Normally, -
valve can have an AC impedance of any=
thing from a fraction up to many times:
that of the transformer primary. Th
iformer case occurs when a low-impedan
triode is used, and the latter when.hig]
impedance tetrodes

or pentodes are e

ig. 6 shows the effect of introducing
an ‘impedance of approximately
value in series with; the tra
_primary. The flux density was, in t
stance, approximately 7,000 lines
cm., and the photograph may :be:
pared with the correspond
in'Fig. 3. 'Note that both-
-rént have become disforted..
expected, becausc the transforme
distorted current, and therefore the bl
drop across the series impeda n
be distorted, !
across the transformer, which is th
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the series impedance, must also be dis-
torted,

Evidently an extreme case could be

- arrived at by'making the series impedance

s impedance in series
'?;ha“tr:;{omm‘lr] results in, distortion

“the :voltage, but gives’a pure:site' wave -

. current, i

‘high dompared with that of the trans-

: Fig. 7 shows what happens under
circumstances. The- current be-
ies 2 puresine wave, and the distortion
transferred to the voltage curve.  The
lix- density during this experiment was
gain maintained at a value of about 7,000
lines ‘per’ sq. em. (See Appendix.)
-~ To 'sum up, at one ex-

"‘the voltage divided
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the resistance of a piece of wire or the
capacity of a condenser. Actually, it is
entirely dependent upon the test voltage,
or, what comes to the same thing, the
flux densi:v. A test taken at around 5,000
lines per : }. em, will give an inductance
value perhaps three times as great as that
measured at 100 lines per sq. cm.

Impedance Calculations

Definite figures can readily be obtained
hy replacing the oscillograph shown in
the circuit of Fig. 4 by an ammeter. We
have already seen how to work out the
flux densities. corresponding to the several
tappings on the auto transformer by using
formula (1). The voltage divided by the
current will reveal the impedance at each
density. The graph of Fig. 8 shows the
values obtained plotted against ‘B,

It is true that impedance is equal to
by the current, but
in view of the distprted shape of the
current wave form' we ought to think care-
fully how. it should be measpred. The
true impedance to 50 c¢/s will be the
voltage . divided by the 50 c/s funda-
mental of the current, e sine curves
in Fig. 3 were taken with a known
current, so that the analysis of the dis-

fUNE éznd, 1939.

%
of the transformer and upon the. number <
of turns on the primary winding. Byt §
whatever the design may be, the im-
pedance or inductance will vary in the
same manner as the flux density jg
changed, providing the transformer has g
closed iron circuit of the same magnetic
material—i.e., Silcor 2. By -taking 5
single test at any known flux density, the
inductance at any other density can be
obtained by reference to Fig. 8.

In Part IT it will be shown how the in.
formation expressed in the graphs of
Fig. 5 and Fig. 8 can be used to calcy.
late the distortion produced by any push-
pull transformer (providing it has ; 4
closed magnetic circuit of Silcor 2) when W

used in amy specified circuit,

T

' APPENDIX

An analysis of the wave form illustrated in.-;
Fig. 7.gave 58 per cent. third harmonic, 34 -
per cent. fifth barmonic, and 39 per cent -
seventh. harmonic. These figures are very -
much higher than the corres; nding percent.
ages ]grmnt in the dJstomeaPo current curves 4
(see Fig. 3 and Fig. 5). This is reasonabls, &
because if the distorted current can be repre-
sented by:— ;
I=A, sin (¢ + B,) + A, sin (30 + B,) + A, sin

: (50 + B,), etc., g 3
one would expéct distortion of approximately
the same order in the distorted flux curve when S
a sine wave current is passed through the coil,

sreme, where the ‘impe-

.dance of the AC source is
.the ¢urrent -is dis-
while the -voltage

//..

By

a pure Sine curve,
Tthe other  extreme,

i

/
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;as' supplied by the !
1 utacturers, But. the :
npedance of a trans-

er, even at a fixed fre-
ency, Is anything but

ol

L
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ve, of The Wireless World as well,
state the inductance of chokes ‘and
2 Aransformers whenh fested at a specified
- Alternating terminal voltage. This was a
7very excellent idea, but it has died out,
only the inductance figure is men-
tioned nowadays. One tends to imagine
the indnctance of an output transformer
a fixed and constant thing, rather like

torted curves could be converted . into
actual current values. It was found that
the impedances obtained by using the.
50 ¢/s fundamental taken from the oscil-
lograms were practically jdentical with
those given when the distorted current
was measured with a rectifier-type meter.

This class of instrument gives a reading
‘proportional to the mean current, E

Returning to Fig. 8, the scale of im-
pedance or inductance is an arbitrary
one. The specific values in any ‘particular
case will depend wpon the size of the corc

But the induced voltage is proportional to the
rate of change of flux—i.e., gt 2nd the pro

cess of differentiation changes .the ratio of th
constants to A,, 3A,, 5A,, etc., thus accen
ating the harmonics. :

*No such simple relationship is found in prac-
tice. When the flux is distorted the iron
losses increase, owing to the presence of third,
fifth, and seventh harmonic eddy currents,
etc. These. losses may be represented as
sistive ‘loads across the pri
former tending to reduce the apparent volf-
age distortion. Hence-the accentpation of ths
higher harmonics in the voltage-wave form is
not 80 great as might be expected. :




