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SPECIAL RESOLUTION

Radio Club Stands for Broadcast Regulation

At a special meeting of its Board of Directors, the Radio Club of America—the oldest radio
club extant—drew up a resolution backing the regulations heretofore rigidly observed in broadcast
practice. While the Club has no authority other than over its extensive membership, the action
at this time is significant in the sense that this Club has always stood for the rights of radio ama-
teurs and radio listeners just as it is doing to-day.

The resolution drawn up by the Board of Directors of the Radio Club of America reads as
follows: '

“RESOLVED that until the present limitation on the powers of the Department of Com-
merce shall bave been removed or other provision made by legislation, no broadcaster should
change his wave length or hours on the air or increase his power without first receiving the
approval of a committee representative of the art, organized for the purpose, and be it further

“RESOLVED that the Radio Club of America, organized for the object, among others, of
developing the radio art, bereby declares that the present condition in the radio field, caused
by the temporary removal of legal restraints, is a new occasion for the exercise of that capacity
for self-government and respect for the interest of the public, in which the radio art bas led,
until it further declares that it will bold its members responsible in the opinion of the Club
for their conduct in the observance of the principles underlying these Resolutions.”

Originally founded in 1909, under the name of The Junior Wireless Club, Ltd., the name of
the organization was changed in 1911 to the Radio Club of America. The main purpose of this
organization has been since its inception to facilitate an interchange of ideas among those inter-
ested in radio communication. However, the Club has always taken an active interest in all leg-
islation outlined to the rights of radio amateurs and broadcast listeners. For this reason, the Club
can be expected to follow the present broadcast developments with more than ordinary interest. -

L. C. Pacent Pierre Boucheron
Chairman Committee on Papers . Chairman Committee on Publications

91 Seventh Ave., N. Y. C. Room 2040, 233 Broadway, N. Y. C.



Transformer-Coupled Audio Amplifiers

A Paper Delivered Before the Radio Club of America, Which Considers the Proper De- |
sign of Audio Transformers, How Their Characteristics May Be Measured and Eval-
uated—A Comparison Between Resistance-, Impedance-, and Transformer-Coupling

- By ALFRED W. SAUNDERS

ADIO broadcasting of musical programs,
speeches, and other matter of general

interest has made tremendous advances
during the last few years. Probably the only
reason for public interest in the art, during its
early stages, was the novelty of using the ether
as a medium of transmitting programs. In the
early stages of the art, the quality of a program
was secondary in importance to ‘‘reaching out.”
Developments during recent years, however,
have served to make radio as much a necessity
as a novelty or luxury, with the result that
quality is of prime importance to-day. Radio
reception is no longer a novelty in the eyes of
the public, but it is, instead, a firmly grounded
institution, and like other public utilities it must
meet the demands of its customers both in regard
to the quality and form of entertainment to
be broadcast. As ome writer has aptly put it,
““Radio is in every sense a public institution and
should therefore be controlled by the public for
the public good.”

It is well known that in general the quality of
the transmitted programs is far more satisfac-
tory than the quality of those received. The
economics of the situation would lead us to
expect the existence of this state of affairs, since
any radio receiver must be relatively cheap
compared to a transmitter which serves a large
number of listeners. While it is true that the
quality of reception depends on a number of
circuit elements, probably none is more impor-
tant than the audio amplifier. However, the
fact must not be overlooked that quality is
also affected by the tuning characteristic of
the radio-frequency amplifiers, the time constant
of the grid leak and condenser combination of
the detector, the loud speaker, and by overload-
in any portion of this circuit. It is the purpose
of this paper to outline some of the fundamental
considerations involved in the design of a specific
type of audio amplifier and to show how some of
the desirable amplifier characteristics may be
obtained in practice.

Since the performance of a transformer-
coupled amplifier depends primarily upon the
transformer characteristics it seems logical to
start with the transformer itself. The perfect
transformer has been defined by K. S. Johnson—
Transmission Circuits for Telephone Communica-
tion, D. Van Nostrand Company as one which
neither stores nor dissipates energy. That is to
say, an ideal transformer has no dead resistance,

21

Engneer, F. A. D. Andrea Company

no losses, and a perfect flux linkage between
windings. This amounts to saying ‘that the
primary and secondary self impedances must be
infinitely high with respect to the sending and
terminating impedances and that each must be
purely imaginary in character. Moreover, for
this definition to hold, the mutual impedance
must be an imaginary quantity equal to the
geometric mean of the primary and secondary
self impedances. The reasons for these limita-
tions are evident from Fig. 1.

If the transformer is to cause no loss in the
circuit it must evidently draw zero current from
the source when Z2 is infinite. Moreover, it is
evident that L1 must be imaginary as well as
infinite if it is to have zero loss when it draws
current. The same criteria of course hold for
the secondary self impedance. If all these con-
ditions hold for a given transformer, the imped-
ance looking into the primary will be Z2 divided
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FIG. 2

by the square root of the turns ratio, where the
turns ratio is given as the secondary turns
divided by the number of primary turns.

THE IDEAL TRANSFORMER

VIDENTLY then, an ideal transformer will
absorb only sufficient power from the
source to supply the load being drawn. Con-
struction difficulties, however, permit us only to
approach rather than realize ideal transformers
in practice. That is to say, the coupling in any
physical transformer is never perfect, nor are
either of the self impedances infinite. The
physical transformer, however, can, for all prac-
tical purposes, be considered as made-up of an
ideal transformer with series resistance and in-
ductance added to take care of the dead resis-
tance of the windings and the so-called leakage
reactance. The dead resistance of the windings
can usually be neglected for all except the lowest
frequencies. While losses are always present in
any physical transformer, proper design gener-
ally makes them negligible at all except the
extremes of the transmitted frequency band.
It is well known that the input impedance of a
vacuum tube introduces a highly capacitative
load. Fig. 2 shows the capacity and resistance
network of a vacuum tube. It has been shown
by J. M. Miller, Bulletin United States Bureau of
Standards, No. 351, November, 1919, and others,
that the input capacity of a vacuum tube is:
H R

c=Cor+{ Rt Jear.

Since input transformers operate into the

highly reactive input impedance of a vacuum

tube, it is evident that the impedance reflected
into the primary can match the tube impedance
in magnitude at only one frequency. This is of
little importance since it is only' necessary to

deliver a constant voltage rather than constant -

power to the tube input to produce a flat am-
plifier characteristic. It is therefore unnecessary
to match impedances at all transmitted fre-
quencies to limit distortion. See W. L. Casper,
Journal A. 1. E. E., March, 1924.

The capacities of the transformer windings
under conditions met in practice become of
considerable importance at the upper extreme
of the transmitted frequency band, just as the
resistance of the windings in many cases plays
an important réle at the lower extreme. Fig. 3
shows diagrammatically some of these capacities.
For simplicity these capacities have been shown
lumped at certain points, although in reality
they are distributed capacities in every case.
In this diagram C; is the interwinding capacity,
C2 and C3 the distributed capacities of the
primary and secondary respectively, C4 the
capacity of the inner winding to core, and Lx
the leakage reactance. It is obvious that the
leakage reactance can be kept small by winding
the secondary next to the core with the primary
over the secondary. In general, each of the
above capacities are of the order of 20 to 60
micro-microfarads, depending, of course, on the
construction of the transformer. The tube in-
put impedance is represented by Cs5 and Rs.
These values are, of course, dependent on the
load in the plate circuit of the tube. -

ACTION OF THE TRANSFORMER IN CIRCUIT

ET us consider the action of the transformer
A when it is used to couple two amplifier
tubes. This is illustrated schematically in Fig.

4. It is customary to represent the gain or’

voltage amplification of input transformers as
such, rather than to rate them in terms of a
perfect transformer. In this diagram, peg
represents the voltage generated in the plate
circuit of the first tube, Ry its plate impedance,
and E the voltage applied to the grid of the
second amplifier tube. Now it is well known
that maximum power is absorbed by a given
load when the impedance of the load is equal to
that of the generator, and further, for a complex
impedance load, the magnitude of both com-
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ponents of the load impedance should be equal
to the generator impedance, and the imaginary
components of the two should be-in phase op-

sition for maximum power transfer. As
previously stated, the impedance reflected into
the primary circuit can match the output im-
pedance of the tube at only one frequency. It
is obvious that if the transformer were ideal
and of the proper ratio to match impedances, a
flat transmission characteristic would not be
ebtained due to the losses on either side of the
frequencies at which the impedances were
matched. It has been found that it is practical
“to use a much lower ratio transformer than one
having the ratio for optimum power transfer.
It is quite common practice, too, to design trans-
formers in which the secondary resonates with
its own disttibuted capacity plus that of the
load at frequencies less than 500 cycles. This has
a tendency, of course, to increase the efficiency
at these lower frequencies and in most cases it
serves to further flatten the characteristic. The
expression, secondary resonance, is not rigorously
correct but amounts to resonance of the second-
aty self impedance plus the impedance reflected
into the secondary by virtue of the mutual im-
pedance of this transformer. See Pierce,
Electric Oscillations and Electric Waves, also
Casper, Journal A. I. E. E., March, 1924.
The ratio of the transformer is, however, de-
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relatively more of the voltage drop will be across
the tube output impedance and winding resist-
ance (which for practical purposes can be lumped
since both represent a dead loss) and less across
the primary winding. It is for this reason that
it is necessary that the primary self impedance
be high in value. The sudden drop at the higher
frequencies is due to the effect of the leakage
reactance and shunt capacities which together
act to suppress high frequency notes. The
frequency at which the peak occurs can be read-
ily changed by properly poling the secondary
winding so as to utilize the secondary distributed
capacity. This is illustrated in Fig. 6. Curve
A is for the transformer connected so that only
the secondary distributed capacity and the tube

capacity are effective.
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termined to a certain extent by the ratio of the
input and output impedances of the amplifier
tubes. For this reason it is customary to use
fower ratio transformers between detector and
amplifier than between twe amplifiers, since the
eutput impedance of a tube functioning as a
detector is in general greater than. when it
functions as an amplifier.

The characteristic of a good audio transformer
is shown in Fig. 5. The peak at the upper end
of the frequency spectrum is due to resonance
between the transformer leakage reactance and
the tube input capacity combined with the
secondary distributed capacity. The falling
characteristic at the lower end of the frequency
spectrum is largely influenced by the resistance
and inductance of the primary winding.~ This
would be expected because the primary self
impedance increases with frequency while the
winding resistance is practically a constant value.
It is obvious then, that at low frequencies, the
effect of the primary resistance will become more
and. more apparent in that it absorbs relatively
much more power than at the higher frequen-
cies.

Moreover, the primary self impedance being of
the same order of magnitude as the output
impedance of the tube at the lower frequencies,

The curves of Fig. 6 are
almost identical with
some characteristics of
good commercial trans-
formers recently meas-
ured, having a voltage
amplification of about 2.5 to 1. It might be
mentioned in this connection that it is difficult
with ordinary core materials to obtain a good
transmission characteristic with a transformer
having a voltage step-up of more than 3 to 1.
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DETERMINING THESE

illustrative of the action of the
transformer when it is terminated in an amplifier.
This is entirely due to the change in trans-

‘course, not

former terminations. The essential difference
in the two cases is a matter of the load impedance
supplied to the tube. In the case of the detector,
the load impedance in the plate circuit of the
tube is practically zero. Reference to the
equation for input capacity will show that for
the case of the detector the input capacity is
relatively small while for the case of the amplifier
the input capacity is relatively large, which
means in the latter case we have a lower im-
pedance. As a matter of fact, in the case of the
amplifier, the input impedance consists of a re-
sistance as well as a capacity. From this it is
obvious that the transformer characteristic as
taken by the detector will be changed in two
respects when the transformer is terminated in
the amplifier.  First, the resonant peak will be
at a lower frequency due to the larger capacity,
and second, it will not be as sharp due to the
resistance effectively added by the amplifier.
This is illustrated in Fig. 7. Curve 1 is thatof a
characteristic measured with a detector. Curve
2 shows the characteristic of the same trans-
former terminated in an amplifier.

Two stages of transformer-coupled amplifica-
tion might or might not give a desirable charac-
teristic. If the tubes and the transformers are
identical, it is at once apparent that the peak
will be relatively very much higher for two
stages than for one. This will in general result
in an undesirable characteristic and may even
cause singing at a frequency corresponding to
the tip of the resonance peak. The most obvious
way to avoid this is to stagger the transformer
characteristics. This is easily accomplished by
reversing one of the transformer primaries or
secondaries. It is at once apparent that there
are a number of combinations, each giving a
different characteristic, not all of which are
desirable however.

Fortunately, it so happens that the leakage

CHARACTERISTICS

HE method used in
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16 T 1 HHHHHH of tubes is the cause of
Transmission Characteristics of a TT7 serious distortion in the
14 Transto wire o Vacuun Tue audio-amplifier and
/pltmeter (1) and i Amplifier 2) pu ) must be avoided if good
12 \ quality is to be insured.
Everyone is familiar

10 4 . .

. Pl with the grid voltage-
2 7 ) plate current character-
£ 8 B istics of a vacuum tube.
3 6 \ These tube characteris-

\ tics show that distortion

4 is introduced when in-
sufficient or too much C

2 potential is used for a
: given plate potential.

oL It is also evident ?hat
v eeg f¥ exg % % ©®8 to0 much or too little
FREQUENCY - S plate potential for a

given C battery intro-

FIG. 7 duces distortion. In

general the tube func-

load characteristic of an amplifier. It expresses
the relation between transmission gain and out-
put power. It clearly indicates the overload
point of an amplifier and also the maximum
output level possible without serious overloading.

A common definition of transmission gain
follows:

The transmission gain caused by the insertion
of an amplifier in any circuit is measured directly
by the ratio of the power delivered to the load
when the amplifier is in the circuit and when it
is removed. Having decided upon a definition
of transmission gain, measurements may be
made to conform with this definition, which is
similar to that commonly employed in telephone
practice. An input voltage is applied to the
amplifier input through a resistance correspond-
ing to the output impedance of a detector tube,
and the output of the amplifier is terminated in a
resistance which matches the a.c. output im-
pedance of the last tube. This is the condition

reactance of the transformer can be turned toa  tions as a grid rectifier 70 TTITTTTT T | | H | | ” |
practical use. For example, tube noises and if insufficient C battery
other undesirable noises and crackles, with which  is used, or as a plate . slit:ge“dm AmpMerT'“"""‘“"" Characteristics "1 |
B e . . . ing effect of vanouslyconnectmg the Transformer Windings
all radio fans are familiar, can be very effectively  rectifier if too much C [T 1 N LT
eliminated without undue distortion to the trans-  battery is employed. %
mitted signal frequency band by arranging for  (Plate circuit rectifica- 50 % @?m%mé %%
the leakage reactance to resonate at a frequency  tion may also occur
of about 5 kilocycles. That is to say that the  when insufficient C bat- 4
amplifier characteristic will fall much more  teryis used, the criterion 2 NN
rapidly and drop much more sharply with the  usually being the imped- Z T NN
two stages than with either one alone. Thisis  ance of the transformer £ 30 NN
clearly illustrated in Fig. 8, in which Curve A secondary.) As is often 1-Normal N
is a characteristic of a two-stage amplifier ar- the case, the volume 20 2-Primary of First Transformer d
ranged to obtain a flat gain characteristic.  desired is beyond the 3-Primary and Secondary of First Transfc d
Curve B depicts the squared characteristic of  capabilities of the last #-Same as No3 but with Cores grounded
one stage, while Curve C represents the squared  audio tube. Overload- 10
characteristic of the other stage. ing is of course accom-
TWO TYPES OF AMPLIFIER CHARACTERISTICS g?srtl;‘iiz{ a&gl}]:):gii; Il D - “ e g ~ - °°§
THERE are in general two types of amplifier can easily be detected FREQUENCY -
characteristics of interest. The first is a by observing the plate FIG. O
gain-frequency characteristic,, some examples current of the amplifier
tubes. Any change in  under which maximum power is delivered to the

50 the plate current of an load. Gain is measured in terms of the ratio
amplifier tube indicates of the power delivered by the amplifier to the

4 =t B that overloading and power which would be delivered without the

N ) \ distortion are taking amplifier. When gain characteristics of the am-

5 5 11T NN place. (_}rid rectification pliﬁ.er are measpred, the input frequency is

E‘ BN predominates when the varied and the input voltage maintained con-

z I teristic of a2 Stage \ plate current decreases. stant. The load characteristic was measured

32 A“d‘; t‘:mp’““‘le‘(scm“:‘:?égi uared yelies This can easily be reme- by maintaining a constant frequency and vary-
oS died by increasing the C  ing the amplitude of the input voltage.

10 potential employed or COMPARI  AND
by decreasing the plate NG RESISTANCE-, IMPEDANCE-, AN
potential. If the plate TRANSFORMER-COUPLING

(o ~ v~ vwwg ~ « v og ~ v owg current increases, plate PRIOR to the development of high quality

- g & rectification is taking audio-frequency transformers, resistance-
FREQUENCY place. This may be and impedance-coupled audio-frequency am-
FIG. 8 remedied by decreasing  plifiers led the field in quality. The advent of

of which are shown in Fig. 9 and the second is
the load characteristic of Fig. 10.

Fig. o also illustrates what results may be
expected from the simple expedient of altering
transformer connections. Here the second
transformer connections were left unchanged
while the connections of the first transformer
were varied. Curve 1 we will call normal.
Curve 2 indicates the change caused by reversing
the primary of the first transformer. Curve 3
shows the results of reversing both the primary
and secondary of the first transformer. Curve 4
indicates the change caused by grounding the
transformer cores.

The load characteristic of an amplifier, while
not in such common use, is equally as important
as the frequency characteristic. Overloading

the C potential or in-

high quality input transformers and better

creasing the plate voltage. 50

Overloading tends to cut

down the gain of an amplifier

because of the presence of

the generated harmonics.

The energy which is used to

supply the overtones might

just as well be used to sup-
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of a2-Stage Audio Amplifier

ply the fundamental. It is

true that more volume may

be obtained in some cases

when the amplifier is over- 10

loaded, but the desired funda-

mental is usually materially o

decreased. 004
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acoustic translating devices, however,
have all but made such devices ob-
solete. They represent one of the
first steps toward better quality, and
during the early stages of the art served
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their purpose. The limitations of
both these types have been admirably
pointed out by Mr. J. L. Schermer-
horn, as follows: “An impedance- or
resistance-coupled amplifier cannot
be perfect. If the fixed condensers
are not sufficiently large, the bass
notes are missing. If they are large.
enough to pass the bass notes, they tend to in-
troduce a time lag in the circuit. These condi-
tions fix a definite limit for preventing the
absolutely uniform amplification of all the audio
frequencies.” The time lag mentioned by Mr.
Schermerhorn refers, of course, to the time
constant of the condenser-resistance combination
on the tube input. The minimum value of the
series coupling-condenser is obviously fixed by
its reactance to low notes. Now the time con-
stant of the resistance-condenser- combination
must necessarily be low in order to prevent
disagreeable hangovers which may either seri-
ously alter the phase relations of independent
notes or even cause some of the higher notes to
disappear entirely, or be seriously masked by
some of the higher amplitude low frequency
notes. Inspection of the discharge curve of a
condenser through a resistance would lead us to
suspect this state of affairs. The product of the
shunt resistance into the series capacity yields
the length of time necessary for the

>
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2 Stage Audio Frequency Amplifier Circuit

the low notes without undue at-
tenuation. There are, of course, a
number of other factors that enter,
R,  such as change in the gain frequency
characteristic with the applied input
voltage, etc. These facts are such
general knowledge, however, that they
merit no further discussion here.
Two-stage transformer coupled ampli-

AAAAAAA
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-C -A +A +B with ories for (l
+C
-B
FIG. 11
At 5V cycles
C Xc R RC F if.
mfd. ohms ohms sec. C.p.s. c.p.s.
1.0 3,180 1C8 .1 1 .25
105 .1 10 2.5
10¢ .01 100 25.0
0.1 31,800 108 .1 10 2.5
105 .01 100 25.0
10¢ .001 1,000 250.0
0.01 318,000 1C¢ .01 100 25.0
105 .0J1 1,000 250.0
10¢ .0001 10,000  2,500.0
0.001 3,180,000 10% .001 1,000 250.0
10° .0001 10, 2,500.0
10¢ .00001 100,000 25,000.0

In the above table, RC is the time constant
of the resistance-condenser combination, in
seconds, F the frequency having a period equal
to the time constant, and %f, the highest fre-
quency that will be unaffected by hangovers.
It will be observed that an exceedingly low resis-
tance must be used across the tube input if a
reasonable time constant is to be maintained
with a coupling condenser large enough to pass

fiers, on the other hand, can easily be
designed to give an overall amplifica-
tion varying less than 40 per cent. from
the average value for all frequencies
between 50 and 5000 cycles.

To summarize: A perfect transformer has been
defined as one which has perfect coupting and
which neither stcres nor dissipates energy. It
has also been shown that it is desirable that a
good input transformer depart from this defini-
tion since it is required that the input trans-
former deliver ccnstant voltage rather than
constant power. Furthermore, it is obvious
that the leakage reactance can in some cases
be used to advantage in eliminating high fre-
quency noises by connecting the transformers in
such sense that the inherent capacities resonate
the leakage reactance at the proper frequency.
A transformer characteristic as commonly
measured by a C-battery detector does not give
the true picture of its action in an amplifier,
due mainly to the diflerent input impedance
of the amplifier tube. The general tendency
of the amplifier tube is, of course, to decrease
and broaden the resonance peak and to cause it
to occurata lower frequency. Trans-

condenser to lose about 63 per cent. 60 M l I ] H l l I l l | | | | | | l I | mission gain has been defined as the
of its charge. To prevent hangovers, Characteristic of 2 Stage Audio Frehuney Amplificf ratio of the power delivered to the
it is necessary that the condenser dis- 50 as used in FADA Radio R load with the amplifier in the cir-
charge in less than a quarter cycle cuit to the power delivered with the
of that frequency which is the re- amplifier removed. A method of
ciprocal of the time constant of 40 — measuring amplification conforming
the coupling combination. This 3 F N with this definition gives a truer
of course imposes such a severe re- Z 3 picture of amplifier operation than
quirement on the amplifier that it g the voltage amplification as ordina-
would result in an overall transmis- rily measured. There are, in general,
sion loss thereby defeating the pur- 2 two types of characteristics necessary
pose of the device. Hence it is nec- to completely define amplifier opera-
essary to affect a compromise be- 10 tion. The first is the gain-frequency
tween gain and distortion, and design characteristic and the second the
the amplifier accordingly. The table 0 load characteristic. The former in-
in the next column shows a few - o v e >3 ~ v e o © ®8  dicates the frequency distortion while
values of time constant and their FREQUENCY il S the latter shows the load carrying
FIG. 12 capacity.

corresponding frequencies:



The Radio Club of America

Bryant Park Building, Room 469
55 West 42nd Street, New York, N. Y.

Telephone—Longacre 8579

Organized in 1909 by pioneer amateur radio experimenters of America for the
purpose of exchanging views and scientific data on the most fascinating sub-
ject of modern times—radio telegraphy and telephony.

OFFICERS

President
ErNEST V. AMY

Joun D1 Brasi—Vice-President C. R. RunyoN, Jr—Treasurer
THoMas J. StyLes—Corresponding Secretary ~ ARTHUR H. LyNcH—Recording Secretary

DIRECTORS:
EpwiNn H. ARMSTRONG PauL F. GobLEY Louis GERARD PACENT
Davip S. BrowN Joun F. GrINAN WiLriam T. RusseLrL
GeorGe E. BURGHARD Frank KiNG JouN F. SHAUGHNESsY
Georce J. Evtz, JR. AusTIN C. LESCARBOURA JOSEPH STANTLEY

RenviLLE H. McMANN

COMMITTEES FOR 1926

Committee on Papers

Louis GErRARD PAceENT,Chairman

Lewis M. CLEMENT Danier E. HARNETT Georgce J. Ev1z, JR.
PIERRE BOUCHERON

Committee on Publications

PierrRe BoucHERON, Chairman ,
AusTiNn C. LESCARBOURA THoMAS J. STYLES

Publicity Committee

AusTIN C. LESCARBOURA,
Chairman

ArTHUR H. LyNncH J. L. BERNARD PiERRE BOUCHERON
GeorGE E. BURGHARD

Membership Committee

Frank King, Chairman
Davip S. BRownN : THoMaAS J. STYLES GeorGE J. Ertz, JR.

Year Book and Archives Committee

} Tuomas ]. StyLes, Chairman
Frank KiNG L ArTHUR H. LyNcH

Affiliation Committee

Frank King, Chairman
L. C. F. HorLE



