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CHARACTERISTICS OF AUDIO TRANSFORMERS

By PROF. H. M. TURNER

Sheffield Scientific Sch;)ol, Yale University

Delivered Before the Club, April 10, 1929

AS A result of the keen competition among manu-
facturers stimulated by the demand of the radio
public for better and better quality there has been
marked improvement in the performance of audio-
frequency transformers during the past few years. The
subject has been extensively investigated by competent
research engineers and designers but the results of their
studies come to us in the form of the finished product
with little information as to the exact changes that have
brought about improved performance. There is in no
sense a criticism of the manufacturer for such informa-
tion is his stock in trade. However, one of an inquiring
mind desires to know in what way and to what extent
the characteristics are modified by a change in a design
or operating condition.

What constitutes a godd transformer? This, of course,’

depends upon the use that is made of it. For broadcast

- band may be much narrower, say from 800 to 1200
cycles, for a peaked characteristic is quite desirable in
that it may be made to give a louder response to the
desired signal and at the same time greatly reduce inter-
ference from neighboring channels. .

Unfortunately it is not always possible to obtain ex-
cellent quality and high amplification from the same
transformer. The response characteristic of trans-
formers, however, may be materially modified by design
and operating conditions as follows: the amount of iron
in the core; the ratio of turns; the actual number of
turns in the windings and their position with respect to
each other and to the core, that is, whether the windings
are interwoven or the primary or secondary is placed
next to the core; the total resistance of the plate circuit;

~ the plate voltage and grid bias of the amplifying tube as-
sociated with the primary of the transformer; and to
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reception of music, the primary consideration is quality

or faithful reproduction which requires, assuming an .

ideal loud speaker, that the amplification be essentially
independent of frequency over some predetermined
band, say from 30 to 8000 cycles. However, with com-
mercial loud speakers, considerable departure from a
" flat characteristic is permissible and in some cases even
desirable in order to compensate deficiencies in the re-
producing unit. For telegraph purposes the primary
consideration is intensity or large amplification. The

some extent, the capacity in parallel with the primary
and secondary.

OBJECT OF INVESTIGATION

THE object of this paper is to report on some expéri-

ments with audio-frequency transformers of different
design that operated under widely different conditions
with the hope of at least partially answering some of the
questions that occur to one but which in some cases
remain unanswered due to lack of time or adequate

Copyright 1929, Radio Club of America, Inc.
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facilities for conducting the necessary experiments.
No attempt is made to define or to determine an ideal
transformer but rather to show the effect produced upon. ©
the amplification” characteristic by certain changes
many of which are far removed from those encountered
in practice.

Faithful reproduction is dependent not only on the
transformer but also on the associated amplifier, loud
speaker, and the response characteristics of the receiving
ear. But since the imperfection of the latter are present
whether one hears the original program or a loud
speaker reproduction it may be left out of consideration
here. Although the ear must be the final judge of both
quality and intensity it is not a satisfactory instrument
for laboratory determinations. In the first place the ear,
although sensitive to changes in pitch, is quite tolerant
of changes in intensity and variations of 10 to 20 per
cent. or more may take place without being perceived.
This is fortunate for if the response were directly pro-

MICROAMPERE S

Fig. 2

portional to the stimulus an organ of hearing sufficiently
sensitive to catch the slightest whisper would be
destroyed by sound waves of great intensity or at least
they would be a source of great pain. In the second
place there would be disagreement among observers.
Differences that would be apparent to a trained. ear
would be entirely overlooked by one less discriminat-
ing. Even the results obtained by a given observer vary
from day to day. Thus for measurement purposes the
ear cannot be considered an instrument of precision and
for this reason an -electron tube voltmeter was used to
measure the amplification as determined by the out-
put voltage of the transformer and its associated am-
plifying tube.

0

THE ELECTRIC CIRCUIT

THE circuit -arrangement that was used is shown in
Fig. 1. A variable frequency is obtained from an 8-A
oscillator whose output transformer at the left supplies
a voltage which is maintained at a constant valde,
usually 0.25 volts to the grid of a 201-A amplifying tube
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in the plate circuit of which is connected the primary of

the transformer. The secondary or output voltage is.

measured by an electron tube voltmeter of the type
developed by E. T. Dickey of the Radio Corporation.
The condenser across the secondary of the transformer,
shown dotted, is introduced in some of the experiments
to be referred to later. :

THE MAGNETIC CIRCUIT

HERE the transformers were assembled in the
laboratory, a core of 15 mil hipernik was used, the
other dimensions being given in Fig. 3. In all cases,
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Fig. 4

unless otherwise indicated, the core consisted of 50
laminations, the exception being Fig. 4 and 7 where the
amount of iron was varied. :

Series 1. This transformer consisted of a primary of
7000 turns of No. 40 enameled wire having a resistance
of the order of 2400 ohms and a secondary of 15,000
turns of No. 40 of 7100-ohms resistance wound over the
primary. The over-all voltage amplification of the 201-A
tube and the transformer was measured for frequencies
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from 200 up to 8000 cycles first with a core of 50
laminations and then with 30, 15, 5, 3, 1, 0.2 and 0
Jaminations. It will be observed that the removal of
most of the iron has a relatively small effect upon the
amplification over the greater portion of the frequency
range, however, the effect of the core is rather pro-
nounced at the low frequencies so in order to retain the
low notes a considerable amount of iron is required in
this particular transformer. By 0.2 of a lamination is
meant that portion of a single lamination which passes
through the opening in the coil and having a length
equal to that of the coil or approximately one inch.
The increased amplification due to this small amount
of iron over that with no iron at all is pronounced below
200 cycles. Above 4500 cycles, regardless of the number
of laminations, the core has practically no effect on the
amplification other than to prevent an over exaggera-
-tion of the higher frequencies. Regardless of the amount
of iron the maximum amplification occurs at 6500
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cycles which is rather surprising and indicates that the
introduction of iron does more than merely increase the
induction. The maximum amplification is approxi-
mately twice that of the lower frequencies which is
determined by the amplification of the electron tube and
the turn ratio of the transformer. .

The form of the curve suggests a resonance effect
which is due to the distributed capacity of the secondary
and the capacity of the grid-filament of the tube to
which it is connected. It is evident that the introduction
‘of resistance in the primary circuit would tend to flat-
ten out this curve and make the amplification much
more uniform throughout the frequency range which is
confirmed by Fig. 5. ) ‘

A change of plate voltage would have something of
the same effect as shown in Fig. 6 as this will change the
internal resistance of the tube. A decrease in plate
voltage from 90 to 67.5 for a 201-A with normal grid
bias causes an increase in plate resistance from approxi-
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mately 10,000 to 14,000 ohms and at the same time
decreases slightly the amplification factor. A decrease
of plate voltage from 67.5 to 45 would increase the

. resistance from 14,000 to 18,000 ohms. There are cer-

tain other factors that will have a secondary effect.
_Series II. The,primary of this transformer has 5000
turns of No. 40 wire with a resistance of 2500 ohms and
a secondary of 15,000 turns of No. 40 wire with a resist-
-ance of 6100 ohms. The amount of iron was varied as in
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Series ®*but the general appearance of the curves is quite
different. There is a more pronounced spreading of the
curves, see Fig. 7, and the maximum points occur- at
different frequencies, the maximum amplification for the
air core occurring at 6000 cycles. Introducing iron has
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the general effect of lowering the frequency; as the
amount of iron was increased the maximum came at
5200, 4500, 4000, 3500 and then increased to 4800. The
difference between this series and the last was largely
due to the increased capacity of the secondary winding
which was placed next to the core and possibly to a
change in leakage reactance. There is also a greater
spreading of the curves for the different values of plate
voltage, see Fig. 8, than for the corresponding case
where the primary was wound over the secondary.
Series III. This is a commercial transformer for
which there is no information regarding the number of
turns or the turn ratio but the ratio is probably between
2.5 and 3 as indicated by the amplification at the lower
frequencies. The primary resistance is approximately
2000 ohms and the secondary 7500. It is considered a
high-quality transformer. Fig. 9 to 13 shows the effect
of changing the plate voltage, adding resistance in the
plate circuit and varying the capacity across the second-
ary of the transformer for three different values of plate
voltage with normal bias in each case. It should be
noted that the effect of added capacity is togecrease
materially the amplification at the higher frequencies.
The fact that the amplification varies considerably with
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frequency does not necessarily indicate that the quality
will be poor. The maximum amplification for normal
plate voltage and grid bias occurs at 4200 cycles and is
approximately twice that at low frequency.

Series IV. ~This is a commercial transformer having
a 6:1 ratio giving an amplification of approximately
twice that of the last transformer at low frequencies.
The increase of amplification with frequency is less
pronounced than for the last transformer the maximum,
being about 30 per cent. greater in this case although
due to the larger distributed capacity it occurs at 3200
cycles and decreases quite rapidly for frequencies above
this value. The primary resistance was 1300 ohms and
the secondary 12,000.

The effect of a change in either plate voltage or grid
bias materially modified the shape of the characteristic,
as shown by Fig. 14, the amplification increases with an
increase of plate voltage and a decrease of negative
grid bias. For a plate voltage of 45 and a grid bias of
three volts the curve rises rapidly to a maximum and
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then decreases rapidly to a very low value as the
frequency is increased. -

Series V. The five transformers here compared have
the following constants: :

. T: T Ts Ty Ts
Ratio 3:1 4:1 5:1 3:1 5:1
Primary turns 5,000 5,000 5,000 7,500 7,500
Secondary turns 15,000 20,000 25,000 22,500 7,500
i resistance 1,750 1,750 1,750 6,200 6,200
Secondary resistance 7,300 13,500 27,000 25,000 46,000
Size of wire 40-40 40-41 40-44 4444 4444

A comparison of the three transformers having 5000
turns in the primary and 15,000, 20,000 and 25,000 in

" the secondaries respectively is given in Fig. 15. There

86

are two curves for each transformer but for the present
consider only the higher one which is for normal
conditions of operation. At low frequencies the amplifi-
cation is almost exactly proportional to the number of
turns in the secondaries but as the frequency is increased
the amplification gradually increases to a maximum of
approximately 175, 150 and 115 per cent. of the low
frequency values and then decreases quite rapidly.
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DIFFERENT TURNS RATIOS COMPARED
IN FIG. 16 are compared transformers having a ratio
< of 3:1 with primaries of 5000 and 7500 turns and
transformers having a ratio of 5:1 also with primaries
VOLTAGE AMPLIFICATION = FREQUENCY of 5000 and 7500 turns. It will be observed that the
- cut-off is much more marked in the case of the high
g -y ratio transformers. This is largely due to the increased
S <~ distributed capacity of the secondaries as indicated in
'533 < 4555 - Fig. 15. In the case of the 5:1 transformer with 7500
B3 N Cs i in the primary the cut-off is at 2000 cycles and is quite
< N sharp. In Fig. 17, the same comparison is made but
§' Eg=45. Ec=-15 N s N with 45 volts on the plate which shows that there is
g SR considerable difference between the characteristics for
>8 St the two plate voltages. -
— \\ In analyzing these curves in greater detail than time
g 1 . : L < - will here permit it will be helpful to recall the equations
FREQUENCY IN KILOCYCLES for the equivalent transformer constants. Where the
. primary of a transformer has resistance and inductance
Fig. 13
These transformers reach their maximum amplification Eg~90,Ec=-45
at 6000, 4000 and 3000 respectively. It happens that the K
first and last transformers have almost exactly the “ LSt -
same average amplification over the nine-kilocycle band pe AR 1]
while the intermediate one has a somewhat higher z T 2 ANp
average and on the whole is probably the best. Al- £ L 7 -
though the average amplification is not necessarily £ PasA - - NN .
the best measure of a transformer, especially if taken 3 > < NN N
over a wide band of frequencies, for frequencies below 53‘ T
five thousand may be far more important in some cases 4~ N
than those above. An added capacity of 50 mmfd. & T, 5000-15000 NS
across the secondary hasa slight tendency to increase the 2 16— 1, s000-20000 N
amplification  at certain frequencies which is greatest Tz _5000-25000 < >
in the case of the low ratio transformer, is negligible s NS
for the intermediate and vanishes for the high ratio. [
Above a certain frequency, depending on the trans- .
former, there is a marked decrease in the amplification o 3 4 3 E}
due to the added capacity indicating the desirability . FREQUENCY N rLoCYeLES
of keeping the distributed capacity of the secondary Fig. 15

and the capacity of the leads as small as possible.

but negligible distributed capacity and the secondary
64 11 ] T has resistance, inductance and capacity which includes
RATIO 611 "] the distributed capacity of the secondary and that of
B the leads and grid-filament of the associated tube, for
the sake of simplicity, taken as a fixed value across the
\ L secondary and further that the mutual capacity between
N £390.E5 45 the two windings be neglected, one may replace the
N A\ 690.E¢ 8! 8 s Y replac
N X EEEN transformer with an equivalent resistance and react-
\

\
L1

%
]

DN

! \ ance in so far as the plate circuit of the amplifying
(Ec- . tube associated with the primary is concerned. The
5535,65;-.45 1 equivalent constants then have the following values:

ff._; 3

3
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WaM?
Req. = R1 + 7 R: and

A
wiM? 1
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For low values of frequency and the capacity
usually associated with the secondary the total react-
ance of the secondary is capacitive and when transferred
to the primary has the effect of increasing the equivalent
inductive reactance and therefore tends to cause a
Fig. 14 larger portion of the total amplified voltage in the
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plate circuit to be consumed by the induced electromo-
tive force of the primary, and therefore a greater in-
duced electromotive force in the secondary. The pri-
mary current may be found from the following equation:

L = : 2}
) w2M2zR27] 2 w2M2 1 2
\/ ‘[Rl o ] + [WL1 T (WL2 —WCz) ]

and the secondary currentl:= YV—I\Z%I-‘ and what we are

more concerned with is the voltage across the termi-
nals of the secondary which is

EiM/Ce

© Ep=
— T w2 M2 Rs 2
R, (L————) — 1.
w2 M2 (WLZ——%)Z
- — W27

1
R% + WL2_vw_Cz

For low frequencies wL, is less than 1/wC,and as the fre-
quency is increased these two factors approach equality
until a condition of resonance is reached in the second-
ary and the first radical in the denominator decreases
to a minimum value of R; as a result of which a large
output voltage is obtained. As the frequency is further
increased wLs is greater than 1/wC; and the denomina- .
tor increases thus reducing the output voltage.

An increase of secondary capacity due to the added
condenser cause the condition of resonance to be
reached at a lower frequency after which the output
voltage decreases rapidly as may be seen from the

‘equation. These results will be somewhat modified by

the mutual capacity between the two windings of the
transformer.

o Eg=45, Ec-L5
z
g ~
T N
2 .
™
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Notes of the Club Membership

These notes add much, we feel, to the club for our member-
ship is large and scattered and only through contact such
as this can all the membership be informed of the activities
of all. Send in a few words about what you are doing to the
Club Notes Editor care Club Headquarters.

David Brown reports “nothing new what-
ever except a lot more high notes in

my recelving set”

and challenges

George Burghard and Carl Dreher to
come around ‘“to hear what a broad-
cast receiver should sound like.” As
far as Dreher is concerned, seemingly
he doesn’t want to know what a broad-
cast- receiver should sound like. It is
reported that he has three receivers in
his palace on West End Avenue, that
they are rarely in working order, and
that when he gets one running it sounds
terrible. He blames everything on the

talking movies.
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EDNTINENTAL RADID

CORPORATION

| " THe SYMBOL OF SERVICE 160 VARICK ST., NEW YORK, N.Y.

OUR SERVICES ARE AT
YOUR COMMAND
&

The pioneer house of Continental is glad to

~ place its extensive merchandising facilities at the -
command ‘of the buyers, engineers, and other
members of the Radio Club of America. Through

 this dependable service, built up- iunng years of
steady growth, Continental is able to recommend
members to reliable dealers in their districts or
to arrange for their securing such.radio materials
and merchandise as they need.

The names &f dealers in,syour vicinity and any
- other information you may desite will be cheer-
fully supplied on request.

Continental Radio Corporation
© 160 Varick Street 7 - New. York City
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MOOTH-RUNNING, strong, silent—The Pacent Electric Phono-
graph Motor is an achievement of modern engineering skill. This
new, silent, induction-type motor is completely insulated against noise.
Vibration is eliminated by a dynamically balanced rotor. All bearings
are of phosphor bronze. Has die-cast frame, easily accessible lubricat-
ing system, micrometer-type speed regulator. Costs only about ¢ an
hour for current. Operates on 110 Volts, 50 or 60 cycles A. C. It is
the ideal power unit for phono-radio combinations.

PACENT ELECTRIC COMPANY, Inc.
91 Seventh Avenue - New York City

Pioneers in Radio and Electric Reproduction for over 20 years
Manufacturing Licensee for Great Britain and Ireland:
Igranic Electric Co., Ltd., Bedford, England
Licensee for Canada: White Radio Limited, Hamilton, Ont.
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Amy, Aceves & Kiﬁg,‘ Inc.

55 West 42n(1 Street
New Ybr]{ City

Consulting Engineers, Specializing in RalZiO

Researcl’x, clevelo]_)ment and (lesign on ra(lio receivers,
tuning systems, amplifiers, transformers,

rectifiers, etc.

Specification fOI‘ ra(lio telegraPL an(l

telepllone transmitting equiPment.
Weﬂ-equippe-:l 1a]30ratory facilities for testing,
h research and Jeve]opment.

Investi ation ancl anal sis of '
8 Y ,

sl)ecial raclio Prol)lems. .

Researcll in acoustics, television, tauiing Pictures

anJ otller arts closely aHied to ra(lio.
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Look for this mark
on every Radiotron

The RCA mark on vacuum tubes is a guar-
antee of the finest quality, uniformity and
dependability. Back of this mark are the un-
rivalledresearch and manufacturing resources
of General Electric, Westinghoﬁse and the
Radio-Victor Corporation of America.

_ RADIOTRON DIVISION
RADIO-VICTOR CORPORATION OF AMERICA

NEW YORK CHICAGQ ATLANTA DALLAS SAN FRANCISCO

RCA RADIOTRON

MADE BY THE MAKERS OF THE RADIOLA
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