
 
  

A 
FTER our family’s 1938 move to an “off-the-
grid” farm in Economy Township, PA, our 
two radios, a Victor R-32 console and a 

Sparton table-model, got shoved into a corner of the 
living room, to serve as bits of quiet furniture.  In 
about three years, though, I had become 
interested in radio, had built a crystal 
set or two, and had hauled a wagon-
load of old three-dialer radios from a 
n e a r b y  f a r m  t o  o u r s ,  f o r 
experimentation and inspiration.  One 
of the first experimental exercises I 
tried was to take the Victor R-32 
chasses out of the cabinet to see what 
made them “tick.?   The RF chassis was 
most interesting, with the levers and 
cranks that adjusted all four of the 
variable condensers at once, each in its 
separate compartment.  My father, who 
had considerable experience in 
industrial electric wiring and some 
passing experience in radio circuits, 
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showed me the likely signal paths from 
compartment to compartment, and finally down to 
the power supply chassis, where the audio output 
section was located.  Here he noted that the two 
type 245 tubes were what drove the loudspeaker, 

and when I asked why two tubes, 
rather than one, he opined that 
perhaps they were working in 
parallel, to produce more sound 
volume in the speaker. 
 
A` few years later, when I was in high 
school and working a couple hours a 
day (lunch hour plus a period after 
classes, waiting for the 4:15 bus to 
return home) at a radio shop, that I 
had a better look at a very similar RE-
45 radio chassis, brought in by Mr. 
Panek, the shop owner,  and “helped” 
him repair it.  My assigned job was 
tube and component testing and 

(Continued on page 3) 

Audio (and RF) Under Glass 

PUSH-PULL PIONEERS - 
A HISTORY OF THE BALANCED OUTPUT AMPLIFIER 

BY ED LYON 
The development of the push-pull (or balanced) amplifier was an important step in making signal  amplification 
both efficient and free of otherwise ubiquitous second-harmonic distortion, and it came about rather quietly, with-
out much fanfare or the usual over-selling characteristic of most early radio breakthroughs. 

The RCA Victor R-32, photo 
courtesy Radiomuseum.org 
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cleaning, for re-stocking 
purposes, for the war was on, 
and parts were hard to get.  
When testing the two type 245 
tubes, I asked why there were 
two in parallel, rather than one 
tube of perhaps higher power 
rating>  He answered that these 
two were in push-pull, not 
parallel, and he pointed me to 
an article in a radio magazine 
that described a push-pull output 
stage of a  public-address amplifier.  Many parts of 
the article were over my head, but I learned that the 
push-pull output stage was not only more efficient 
than the same two tubes in parallel, but produced less 
signal distortion, and produced less heat in the 
amplifier cabinet. 
 
As I learned more about electronics during high 
school and then, with plenty of mathematical 
methodology, in college, I gained a renewed 
appreciation for the push-pull circuit, both in radio-
frequency amplifiers and in audio.  My first ham 
transmitter, in 1951, used push-pull tetrodes, type 
807, as a final amplifier, not that I was trying for 
efficiency, but that I was worried about radiation of a 
second harmonic of my intended frequency.  I had 
learned that the push-pull amplifier circuit strongly 
suppresses the formation of a second harmonic 
component to the signal it is amplifying, which is the 
main signal fidelity feature of the push-pull circuit. 
 
But perhaps at this point I had better show the 
readership what this touted push-pull circuit is, if 
only to get everyone onto the same page.  Fig. 1 here  
shows, schematically, a conventional “single-ended” 
triode amplifier alongside a simplified push-pull 
amplifier, for comparison [1].  Immediately, the 
reader will see that the push-pull amplifier has an 
extra tube, implying it could produce more powerful 
output signal levels than could the single-ended 
amplifier.  So then, let us stipulate that the single-
ended circuit actually uses two tubes wired in 
parallel, even though the schematic shows them as a 
single tube.  Our push-pull circuit here has two tubes 
arranged symmetrically like the single-ended circuit 
plus its mirror image,  and with the output (plate) end 
feeding an output transformer that has a single 
primary winding that is center-tapped, sort of like that 
which would be the “load” in the single-ended 
circuit’s transformer plus a mirror image of that 

(Continued from page 1) 

primary winding.  And like any decent mirror 
image, the push-pull circuit’s upper and lower 
halves operate on two versions of the input signal, 
the upper tube receiving a direct signal, coming 
from a previous amplifier stage or other source of 
audio signals, and a mirror image of that signal.  In 
our illustration here,  the source of both of these 
signals is a center-tapped input transformer feeding 
both tubes’ grids.  We call the action of this input 
transformer “phase splitting” or “phase inversion.” 
 
Most tubes used as radio output amplifiers have to 
handle substantial signal levels, and when tubes 
have to do this most display an imperfection caused 
by curvature of the plot of plate current versus grid 
voltage.  One of the main features of the balanced, 
or push-pull, circuit is its cancellation of most of 
the effects of this curvature.  In the push-pull 
configuration, this tube deficiency (causing its plate 
current reaction to equal-but-opposite polarities of 
grid voltage to differ in magnitude) is largely 
corrected.  This is accomplished by effectively 
adding the two tubes’ a-c plate currents together in 
the output transformer’s primary windings.  By “a-c 
current” we mean the component of plate current 
that results from the signal voltage on the grid.  Of 

(Continued on page 4) 

Figure 1. Ordinary single-ended tube amplifier on left, simple push-pull 
amplifier on right. 



Radio Age  January 2019 MAARC’s web site: www.maarc.org         page 4 

course, when there is no signal voltage to either 
grid, the two tubes’ quiescent plate currents, being 
equal, have no magnetic effect on the core because 
of the opposite-sense  primary windings. This is a 
very beneficial effect, since it allows the output 
transformer core to be designed for essentially no d-
c magnetic flux, and, therefore no reduction in 
inductance.  It also allows the use of a less massive 
core for any given audio power level. 
 
Some may object to push-pull amplifiers for the 
reason that they require two input signals, or, more 
properly, one  input signal plus a phase inverter or 
splitter.  Above, we mentioned that the Figure 1 
push-pull stage used a balanced input transformer to 
make both of these input signal forms for the grids 
of the two tubes.  In the early days of radio, they 
almost universally used such transformers when 
they needed to phase-split.  But as tubes became 
cheaper, and transformers didn’t, some clever 
technician noticed that the ordinary audio amplifier 
stage, perhaps using a triode in a resistance-
capacitance-coupled circuit, inverts the signal as it 
amplifies it, producing at its plate a larger, but 
inverted, version of the grid signal.  All that it takes 
to make an equal-but- inverted version of a signal, 
then, is to pass it through an amplifier stage that has 
a gain of exactly 1.  If this technician was 
sufficiently clever, he would use a circuit like that in 
Fig. 2, where he employs another pair of triode 
tubes (or dual triodes in a single envelope), shown 
as V1 and V2.  Here, he conveniently employs V1 to 
boost sufficiently, the initial signal (shown as Ѳ), on 
its way to V3, the upper push-pull tube, but 
“borrows” some of the output of V1 to feed V2’s 
grid, another identical triode amplifier stage,  which 
then produces V4’s input.  The fraction borrowed 
from V1’s output is precisely the reciprocal of the 
gain of V1. 
 
As noted above, a major virtue of this type of 
amplifier is its cancellation of even-order harmonic 
distortion in the amplifier stage.  It, of course, 
cannot remove any distortion already in the signal, 
perhaps put there by an overloaded earlier stage of 
amplification, or in a record pickup cartridge or 
microphone, but by far the majority of any second-
harmonic distortion in a radio or tube-type audio 
system is produced in the output tubes, where the 
amplitudes of signals are the highest, and are most 
likely to extend into the extremities of the tube 
characteristic plate-current vs. grid-voltage plots; 

(Continued from page 3) 

there the plots are really curved, and nowhere near 
straight lines.  In fact, push-pull circuits can fetch 
decent fidelity from farm radios and other battery 
radios that operate their output tubes in Class B. 
What Class B means is that each output tube 
quiescently sits there with its plate current essentially 
cut off, by a suitable negative grid bias voltage. As a 
result, when such a Class B tube is fed a signal, only 
the positive part of the signal waveform matters, 
because the tube was already cut off when the input 
signal was zero, so that negative signal excursions 
cannot reduce the plate current. Of course, in the 
push-pull configuration, all the negative portions of 
the input signal are converted to positive excursions 
for feeding the grid of the opposite one of the push-
pull pair of tubes.  So in the Class B push-pull pair, 
the signal is effectively split into similar positive and 
negative halves for the upper and lower tubes to 
convert to currents that are summed in the output 
transformer.   The beauty is that it really saves on 
battery life in this kind of radio.   
 
The tube industry responded by designing tubes that, 
when operated at zero bias voltage, drew essentially 
no plate current.  The type 19 dual power triode, for 
example, was very popular in this class of service, 
each plate drawing 5 mA current at zero grid bias 
voltage, but up to 50 mA during signal peaks.  A 
battery set with a type 19 output tube would draw 10 
mA from its B battery when the volume control was 
all the way down, but about 40 mA during maximum 
volume conditions.  By comparison, in class A 
operation [2]. the 35L6 (All-American-5 member) 
can produce the same output power level as the type 

(Continued on page 5) 

Figure 2.  Pair of tubes (V3 and V4) on right are 
push-pull output tubes, while V3 inverts V1’s out-
put, acting as a phase inverter.  
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a “two-story” chassis about four feet wide and four 
feet high. The cascode input tube for each half of the 
push-pull pair was a set of three paralleled Eimac 
450TH tubes arranged in a triangular nest with their 
grid pins in the center, all nearly touching one 
another.  This made for a short grid interconnecting 
harness.  A triangular yoke above these three tubes 
joined all three plates together (with built-in ferrite 
parasitic suppressors)  and coupled them, via a 
vacuum capacitor to the cathode of a single 3CX5000 
tube mounted directly above each of the triads of 
450TH  tubes, these 3CX5000s being disc-seal 
ceramic types; here, the tube’s mid-section disc was 
the control grid, clamped to the center of a doughnut-
shaped bypass capacitor mounted to the upper 
chassis.  The plates of the 3CX5000 tubes fed 
switchable networks mounted on and above the upper 
deck of the amplifier.  This transmitter stage 
produced about 200 kW of pulse power at 8 percent 
duty factor, or about 16 kW average power.  
Operating at shortwave frequencies, the fact that it 
emitted very low levels of signals at the second 
harmonic of the operating frequency was a hard 
requirement, for it was always possible that the 
second harmonic of a proper OTH  radar frequency 
might be propagated to distant places via ionospheric 
“hops” or refractions.  Not so the third or any higher 
harmonic, since signals at those frequencies would 
certainly all escape the ionosphere out into space. 
 
The push-pull amplifier configuration has outlived 
the vacuum-tube component altogether.  We readily 
find push-pull bipolar and field effect transistor 
amplifiers, and since transistors come in PNP and 
NPN flavors, we can take one of each and make a 
push-pull amplifier without the need for a center-
tapped output transformer.  In the dim past several 
radio magazine stories were published showing how 

(Continued on page 6) 

19, but draws 40 mA plate current all the time. 
 
In high fidelity amplifiers pure class B operation 
(quiescently, sharply at cutoff)  has the disadvantage 
of the output pair of tubes undergoing alternating 
instants of current cutoff, which can cause magnetic 
flux ringing in the output transformer, and sharp ticks 
in the loudspeaker system.  The best compromise 
between fidelity and economy of power consumed  is 
found in class AB which uses enough grid bias to 
reduce the plate current to 30-60 percent of the full 
volume peaks.  
 
But saving battery drain in audio amplifiers is only 
one advantage.  The reduction in second-harmonic 
distortion while producing high power output signals 
is another, and also lends itself to RF circuits, 
especially in transmitters.  Many ham rigs use push-
pull circuits in the output stages, not only to boost 
power economically, but to eliminate a great trigger 
of pink slips from the FCC for radiating second-
harmonic signals  that interfere with other 
communicators.  Many of these output stages are 
running in the Class B or even class C mode [3]. 
 
When I was employed in the design and manufature 
of Over-the-Horizon radars, which operate in the 5 
MHz to 30 MHz region of the spectrum, many of our 
high-powered radar transmitters needed to be 
operated in Class B, rather than the economical Class 
C, because the output circuits were not simple 
resonant “tank” circuits, but were, instead, band-pass 
networks covering about 3 or 4 MHz at a time, to 
allow the radar to operate in a frequency-hopping 
mode, pulse-to-pulse.  We used a variety of push-pull 
tubes, mostly Eimac tetrodes, like type 4PR1000s for 
the smaller radars (150 kW pulse power) and 
4CX10,000s for some larger radars.  One model we 
made used push-pull cascode circuits.  A cascode 
amplifier, used in tube-type TV front-ends and FM 
RF stages has two triodes in tandem.  The first triode 
has a grounded cathode and its plate feeds directly 
into a second triode’s cathode.  This second triode has 
its grid grounded, and its plate is fed to the balanced 
(push-pull) output RF network, which was a band-
pass inductor-capacitor arrangement which was 
symmetrical and balanced at its input but fed a 
balanced-to-unbalanced ferrite-core transformer 
(balun), much like a massive audio output 
transformer.   
 
Our monster of a push-pull cascode pair was built on 

(Continued from page 4) 

Photo of Radiola IIIA, which has a p-p output stage. 
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(and all other Aeriola forerunners of the early Radiola 
series) in the early days of Westinghouse’s 
membership in the “Radio Group” was necessitated 
by Sarnoff’s heralded prophesy about the “music 
box” coupled with the embarrassment of 
Westinghouse’s success lauinching KDKA.  A public 
demand for radios to purchase, not only in western 
Pennsylvania, but all over the eastern half of the 
country caught Sarnoff and RCA by surprise [4], as 
he had nothing to sell outside of what Westinghouse 
had been selling like hotcakes.  These were mostly 
the RA and DA units and the Aeriola Junior, a crystal 
set.  The other members of the Radio Group had little 
to contribute for consumer use, and within a year, 
Westinghouse had added the Aeriola Senior and the 
Aeriola Grand, and had more in development.   
 
Frank Conrad, the same Westinghouse scientist who 
built KDKA and led the engineering for the early 

(Continued on page 7) 

to make a push-pull vacuum-tube amplifier without 
such a transformer, and one of their schemes was 
either to use two identical resistors instead of the 
center-tapped primary, and then take the output from 
a regular single-ended output transformer whose 
primary is connected plate-to-plate.  The other 
scheme was to use two single-ended transformers, 
one for each output tube, and connect their 
secondaries in series or parallel to feed the voice coil 
of the loudspeaker. Neither of these tricks will 
provide all the advantages of the push-pull stage, 
however. 
 
I wondered whether the push-pull or balanced 
amplifier had a rich hertitage filled with the 
rancorous lawsuits and courtroom battles endured by 
the three-element (triode) vacuum tube or the 
regenerative amplifier.  Searching through my library 
resulted in some interesting findings. I have a Radiola 
IIIA, and at one time I had a Radiola III and a 
companion Balanced Amplifier, all these by 
Westinghouse, indicating that either Westinghouse 
had some background involving the push-pull 
amplifier, or they were pointed in that direction by 
RCA, who was by that time the selling agency for 
Westinghouse radios.  The Aeriola series of radios, 
purely a product of Westinghouse, dated to the 1921-
1922 period, and among these was the Aeriola Grand, 
one version of which has a push-pull output stage.  
The decision by RCA to continue selling that radio 

(Continued from page 5) 

FOR THE RECORD 
 

.Alas, although the December 2018 meeting of the Mid-Atlantic Antique Radio Club was held at the beautiful Sully 
Station in Centreville, VA, as usual, this editor could not attend.  Furthermore, no news about the meeting’s outcome 
appeared in the electronic mail system, either.  
 
The meeting was held  on the 16th of December 2018, just for the record. 
 
We’ll catch everyone up on the goings-on in the next issue. 

Picture of a Radiola (possible prototype) and 
balanced amplifier. 
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Aeriola sets and the Aeriola Grand, had suggested 
several possible 4-tube circuits for the Aeriola Grand 
in the 1919-1920 period, but showed a circuit with a 
single-ended audio output stage as a “typical” circuit 
in his patent application for the Aeriola Grand 
cabinet. That was patent number 1,655,985, applied 
for in April 1922. This version of the Grand was 
tricky to operate despite the fact that each of the four 
tubes had a companion current-regulating ballast 
tube, these taking the place of individual rheostats.  It 
meant that adjusting the sound volume and the 
sensitivity in the face of wide variations in signal 
strengths of desired broadcasts was very difficult for 
the average user.  RCA teamed with Conrad’s 
engineers to revise the circuit to use  ordinary 
rheostats, converted the two-stage audio section to a 
push-pull circuit, and revised the tube types, thus 
gaining valuable battery lifetime and ease of 
operation for the user.  This set was then dubbed 
Radiola Grand.  Alan Douglas writes [4] that all 
Aeriola Grands were recalled by RCA and replaced 
free of charge with Radiola Grands. 
 
Who it was that suggested the change from a single-
ended audio output stage to a push-pull arrangement 
is not clear. RCA’s engineering staff was made up 
mostly of General Electric people, so I had to search 
through both company’s records to try to figure who 
might have leaned toward the push-pull option. I 
started with Westinghouse, since the Aeriola Balanced 
Amplifier and the Radiola Grand seemed to be the 
earliest commercial radio applications of push-pull 
amplifier circuits.    
 
Frank Conrad and his associate, Alexander Nyman, 
had a long-lasting technical desire for operation of 
radio transmitters (and receivers) directly from the a-c 
power lines, to avoid the cost, weight, and 
inefficiency of power supplies to provide B+ power.  
The Conrad/Nyman basic method was to devise two-
triode (push-pull) amplifiers whose plate-supply 
voltage was obtained directly from the power line, not 
separately rectified and filtered, either.  By combining 
three such push-pull amplifiers, all fed the same RF 
signal, with a three-phase power-line transformer (and 
in some cases fully six such amplifiers, driven from 
three phase center-tapped secondaries), the net ripple 
on the output became quite acceptable, especially in 
high-power (RF or audio) applications such as public 
address systems at large gatherings, like ball games. 
 
The use of “balanced” (their term for push-pull 

Continued from page 6 

amplifiers) amplifiers in these circuits was an effort 
by Conrad and Nyman to allow the incoming a-c 
power’s sinusoidal voltage to represent the positive 
plate supply voltage of the “upper” tube of a push-
pull pair during the positive half-cycle period, and 
then use the negative half cycle to supply the plate 
voltage to the inverted lower tube, which would see 
this half-cycle as positive.  Thus the pair of tubes 
would continue to amplify during each half-cycle of 
the power line supply voltage.  The use of multi-
phase power (three-phase or six-phase) would allow 
the other tube pairs to duplicate this process, while 
collecting all their outputs would superimpose the (3 
or 6) positive half cycles and the inverted version of 
the (3 or 6) negative half cycles.  Conrad and Nyman 
were therefore fully aware of how the push-pull 
amplifier works.  By never using the input negative-
going half cycles in the upper tube and similarly 
never using the positive half cycles (that appear to the 
lower tube to be negative), in the lower tube, any tube 
deficiency that makes the tube amplify poorly with 
what appear to be negative-going signal segments can 
be ignored, since they do not contribute to the output 
signal. 
 
Conrad’s press of work on basic radio transmitters 
and receivers in Westinghouse’s hectic 1919-1922 
period of identity establishment in the radio industry 
slowed down this effort. It isn’t clear what their end 
application for very high power audio or RF 
amplifiers might be, but it reads like these would be 
for KDKA’s transmitter, operating at thousands of 
watts, at least in their patent disclosures {Patents 
1,563,342 (single-phase feed), and 1,645,291 

(Continued on page 9) 

Illustration from Frank Conrad’s patent for the 
Aeriols Grand cabinet. 
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T 
HE push-pull feature article 
this month reminded me 
that another e-mail repair 

session occurred early last month; 
this was a big 12-tube Zenith 1204 
chassis, that had audio oscillation 
that would break out with raucous 
noise and high volume, sensitive to 
settings of volume and tone set-

tings.  In diagnostic voltage measurements it was 
found also to be sensitive to where the probes or 
screwdriver touched anything in the output cir-
cuit.  After a flurry of measurements that showed 
effects of oscillation, it was discovered by the 
technician that moving a few of Zenith’s famous 
mid-air point-to-point wires in the audio input 
circuits (volume control, tone control, and re-
lated wiring) well away from the output trans-
former leads.  Another factor that made the radio 
prone to audio oscillation and microphonic ring-
ing (anytime some part is touched) was the use 
of glass tubes despite the fact that all octal sock-
ets in the set had pin 1 grounded.  Substituting 
metal tubes, which Zenith had provided for, 
cleared up that last issue.  It was, of course the 
shielding provided by the metal tubes. 
 
This family of Zeniths often need new volume 
controls, and tapped 2-Meg units are not easy to 
find, so many restorers try to finesse the circuit 
by using a noin-tapped control and then try a va-
riety of work-arounds for the wires that used to 
go to the tap.  It is very hard to reproduce the 
tone “voices” that way.  Better to bite the bullet 
and find that tapped control. 
 

W 
E were all saddened to receive word 
that one of the early MAARC mem-
bers has recently passed, Rev. Mau-

rice Moore.  Rev. Moore invited MAARC to use 
his church for meetings for a period when 
MAARC really needed such support, and he was 
a very faithful meeting attendee (and participant) 
wherever MAARC meetings were held., includ-
ing those October picnic/radio meets way up in 
the hills above Myersville, Maryland.  

Tidbits 
 

B 
EN Erickson wrote to this editor (and 
others) that he now produces hand-
crafted replacement knobs for old ra-

dios.  He uses materials virtually identical to the 
original (wood, Bakelite, etc.) Practically any 
knob sent to him will be reproduced rather 
faithfully.  He can be reached via e-mail at: 

bigriverware@gmail.com 
Here is a sample or two of his work: 

Knobs shown without finish 
lacquer. Knob on right has 
spring-ring inside for shaft.  

R 
OBERT Lozier wrote to say he has 
several of the “-dyne” radios in his 
collection, such as Infradyne, Metro-

dyne, Ultradyne, Standardyne, Electradyne, 
and Solodyne, and he had repaired, for others, 
a Ricodyne and an Amplidyne.  Write him for 
details, if you wish.  For those who are baffled 
by this tidbit, you are referred to the Novem-
ber issue’s short piece on the “-dyne” radios. 
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(polyphase feed)}.  In the end, in-house tube 
development at Westinghouse and later cooperation 
with GE permitted development of conventional 
high-power rectification and filtering, thus avoiding 
the need for raw-a-c powered plate supplies.  Even 
without filtering their three-phase, full-wave (“six-
phase”) technique would provide a transmitter at high 
(>1000 watts) power levels, with relatively low 360- 
Hz  “hum,” probably ameliorated by operating 
toward plate-current saturation areas of the tubes. 
 
Now, most experimenters of the day had long noticed 
that a natural defect in all tubes (triodes, at that time) 
was that they amplified the positive-going part of a 
signal with a different gain (actually transcon-
ductance) than they did the negative-going part.  As 
discussed above, this was a natural result of the 
curved nature of the plate current-versus-grid-voltage 
characteristic of triode tubes, most noticeable as the 
grid voltage goes more negative.  The only way seen 
to obviate this was to restrict the signals to small 
amplitudes, so that the curvature wouldn’t be so 
noticeable.  Conrad realized that when used to 
amplify a high-amplitude signal (such as an audio 
output stage of a radio receiver, an output RF stage of 
a transmitter, or its modulator stage), a “balanced 
amplifier” would not show the transconductance 
differences between the positive and negative parts of 
the input signal, like ordinary single-ended amplifiers 
of the period. 
 
With such a background in experimenting with 
“balanced amplifiers” Conrad certainly gained an 
appreciation of ways these circuits might be used in 
radio transmitters and receivers to produce high 
audio-signal power levels, either to drive a 
loudspeaker (receivers) or to modulate a transmitter’s 
oscillator signal. Thus it was not surprising that he 
would come up with a push-pull audio output 
amplifier for improving the performance of the 
Westinghouse line of small household receivers. 
After Westinghouse’s establishment as an official part 
(and radio supplier) of the RCA combine, which also 
included General Electric and AT&T (Western 
Electric and Bell Labs), these other Group members 
shared in the designs, and both GE and Western 
Electric later made some balanced amplifier units for 
the public. 
 
It was somewhat of a surprise to me to find that it 
was General Electric’s Irving Langmuir who quite 
early (1913) applied for a patent on a push-pull 

(Continued from page 7) 

circuit in which the grids of the two tubes are fed 
from a center-tapped winding on the same iron core 
as the center-tapped winding for the plates, making it 
an oscillator, rather than amplifier. His patent, 
number 1778456, was not granted until 1930.  Fig. 3 
shows a schematic taken from this patent.  His patent 
shows other simpler single-ended oscillators, but his 
claims regarding the push-pull version of his 
oscillator state that the reason for using the 
“balanced” configuration is to improve the chance the 
circuit would actually oscillate.  Clearly this patent 
claim made sense in 1913, when he made the 
application, and triodes of that day were extremely 
flaky in performance.  Langmuir, we must remember, 
was working to distance his inventions from those of 
deForest, and put both his triodes into one tube 
envelope, evident in Fig. 3, and added an emission-
enhancing “space-charge” grid surrounding the 
cathode (filament) to further help the tube to operate, 
gaining more distance from deForest.  Remember 
that in 1913 there was no Radio Group patent pool or 
Navy war emergency to save Langmuir from 
deForest’s serpents.   
 
The fellows who had no need to worry about 
deForest were the AT&T crowd.  DeForest had sold 
serious rights to his audion patents to them before all 
this, so Bell Labs and Western Electric could 
concentrate on genuine improvements to the tube, 
based on analysis of lab measurements made on 
deForest’s audion and tubes of their own design, 
looking analytically for inherent faults in deForest’s 
product which they could obviate by clever tube or 
circuit design.  One of the characteristics noted by 
phone company engineers was that the triode, even 
improved by high-vacuum and thoriated cathode, was 
nonlinear in transconductance, revealed in the 

(Continued on page 10) 

Figure 3. Illustration from Langmuir’s patent on an 
oscillator using two triodes in push-pull, with both 
triodes in one envelope and with an added spave-
charge grid added. 
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ordinary plot of plate current versus grid 
voltage.  Except for extremely weak 
input signals, the positive excursions in 
the input signal to be amplified provided 
positive excursions in plate current, but 
negative input excursions yielded 
smaller, then vanishing plate current 
reductions.   
 
So, in 1913 Edwin Colpitts, of Western 
Electric, had the lab make up a vacuum 
tube with two triodes in it (nearly similar 
to Langmuir’s) but this one having a 
single filamentary cathode, two grids 
(one on each side of the filament) and 
two plates just outside the two grids, 
respectively.  Fig. 4 shows this 
arrangement schematically. The figure is 
page 1 of his patent 1128292, applied for 
on January 3, 1914. The dual-triode 
arrangement is described as derived from 
a progressioin of versions, starting with a 
single-ended triode amplifier, and ending 
with his invention, the dual-triode (in a 
single envelope) duplex system, allowing 
two-way signaling, on phone lines.  The 
reason for the push-pull (balanced) 
formats, he claims, is to allow the two 
tubes to work with positive-going halves 
of the input signal, because “…little or 
no current flows…during the other part, 
when the grid is negative…,” quoted 
from his disclosure.   His patent was 
granted on February 16, 1915. 
 
The prominent Western Electric vacuum-tube 
engineer, Harold deForest Arnold, improved upon 
Colpitts’ patent with a nearly identical disclosure 
dated May 1914; this patent [5] was issued the same 
day as that of Colpitts.  Fig. 5 shows his schematic 
(his Figures 1 and 3) and his idea of the dual-triode 
tube, itself (his Figure 2);  Here he has a common 
plate or anode in the tube, with two sets of grid-plus-
filamentary cathode elements, and his claimed 
improvements were mainly directed at a better 
method for using the balanced circuit in duplex-
operated telephone repeater amplifiers.  In other 
words this patent was aimed at duplexing for the 
telephone system, where the differential signals fed 
to the amplifier are separated from the common-
mode signals, allowing both to appear at a given 
amplifier without their mixing.  This allows isolation 

(Continued from page 9) 

between sending and receiving signals on the phone 
lines.  Such circuits became commonplace in the 
phone system, but by 1925 they were implemented 
with ordinary (but now expensive!!) triodes.  
 
Finally, a couple years later, a British citizen working 
for Western Electric, Alexander McLean Nicolson 
[6], disclosed a patent application in 1916, for a 
vacuum tube of a yet different push-pull (inside-out) 
configuration, with what might be two grid-
controlled diodes in one envelope; this setup has a 
single zigzag or ladder type grid in the center, with 
two filamentary cathodes, one on each side of the 
grid, then two plates, one just beyond each filament 
[7], as shown in Fig. 6.  He uses a push-pull (or 
maybe push-push) sort of arrangement in which the 
action of the two diodes is to separately “amplify” 

(Continued on page 11) 

Figure 4. The page 1 illustration from Colpitts’s invention, num-
ber 1128292, showing the step-by-step development of the fi-
nal idea, his Fig. 4, using two twin-triodes for attaining duplex 
telephone line operation. 
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the positive- and negative-going signal 
excursions, one in each diode, and feed 
any differences to the grid, so that the 
grid biases the two filament-to-plate 
(diode) circuits in relative conduction, 
gammatron style, supposedly to reduce 
the unbalance in the signal.   
 
Nicolson’s seems to be yet another 
phone system patent application for 
what is claimed to be “balanced” 
amplification that is aimed at using the 
balanced circuit to cancel effects of 
inherent signal polarity-imbalance in 
tube conductance. Those of Colpitts 
and Arnold quote the notion that the 
triode conducts current only when the 
grid is positive, making the balanced 
configuration necessary to amplify an 
a-c signal.  Nicolson just says the tube 
plate current is sensitive to the input 
signal polarity.  Further all three of 
these Western Electric inventors are 
aimed at attaining duplex capability, by 
using balanced (opposite-polarity input 
signals, one to each tube) amplification 
for one signal (outgoing) and the 
injection of a second signal (return) as 
a common-mode input, for sending, 
retrieved from the output transformer’s 
center-tap, for receiving. 
 
Thus, in the case of the push-pull 
power amplifier, it appears we owe 
some credit to Langmuir at GE, 
Western Electric’s Colpitts, Arnold, 
and Nicolson, and Westinghouse’s Conrad and 
Nyman, for recognizing and applying the balanced 
nature of push-pull to accomplish several purposes.  
Langmuir, Colpitts, and Arnold were trying to 
correct for what they saw as flaws in the tubes of 
the day (1913 and 1914), but Nicolson generalized 
the remedy to include natural differences in the 
tube’s plate-current responses for differing input 
signal polarities, which is the source of even-
numbered (especially second) harmonic distortion.  
Despite his lucid explanation of this problem in 
triodes of the day, he applied the balanced circuit to 
a pair of diodes having a common grid as a 
conduction-biasing element.  Finally, we see 
Conrad and his Westinghouse engineers in 1921 
put the push-pull circuit into its long-term 

(Continued from page 10) 

configuration, as an efficient and distortion-reducing 
power amplifier.  The high cost of tubes kept this 
circuit confined to separate amplifier units and to 
high-end radios until about the end of the 1920s, when 
tubes became relatively cheap, and then the circuit 
became almost expected in many brands of console 
radios.  The other reason push-pull output amplifiers 
were not emphasized in radios before 1929-30 was 
that their benefits were maximized in high-power 
applications, and the loudspeakers of old were 
notoriously poor at high volume levels [8].  
 
During the 1930s, these amplifiers became almost 
universally adopted for high-power audio and radio-

(Continued on page 12) 

Figure 5. Arnold’s patent illustration for an improvement on that 
of Colpitts.  The main feature of this improvement is its conver-
sion of Colpitts’s straightforward push-pull voltage amplifiers 
into push-pull cathode followers!!! 
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frequency applications, feeding loudspeakers of the 
“electro-dynamic” (moving voice coil cone-type), 
and in broadcast and commercial AM transmitters 
they were found in most of the audio (modulation) 
subsystem and several stages of amplification in 
the RF channel. A series of papers in the 
Proceedings of the IRE describe some of these 
circuits and set up a slightly more consistent 
definition of “Class B” as a near-synonym for 
push-pull amplifiers.   The formal definition of 
Class B, given by Loy Barton, of RCA [9], is 
paraphrased as operation of an amplifier in which 
the plate current is proportional to grid voltage for 
180 degrees of the signal’s sine-wave cycle and not 
proportional to the grid voltage for the rest of the 
cycle.  And if the reader might be concerned that 
audio signals are seldom pure sine waves, not to 
worry – all signal wave-shapes can be represented 
by some quantity of sine waves of various 
amplitudes and frequencies.  For audio, this has the 
same meaning as before, but now blessed by RCA, 
who got around to regular use of the push-pull 
output stage in time (1931) to build our old Victor 
R-32 radio, where I saw my first push-pull 
amplifier.   
 
End notes: 
[1] Figure 1 is from Terman’s Radio Engineering, 
1932 edition, and Almstead, Davis, and Stone, 
Radio Fundamental Principles and Practices, 
1944. 
[2] In class A amplifier configurations, the tube(s) 
operate at a grid bias level sufficient that the plate 
current is never cut off, even in the highest grid 
signal excursions. These amplifiers can operate 
single-ended or push pull. 
[3] In Class B, the tubes operate approximately at 
plate current cutoff, while in Class C (which is used 
only in RF amplifiers and pulse amplifiers), the grid 
bias is increased in magnitude to well beyond plate 
current cutoff.  This makes the plate current appear 
only as short pulses, and in RF amplifiers these 
occur  at the crests of the sinusoidal input signal; the 
load these plates drive are inductance-
capacitance resonant pairs (so-called tank 
circuits) tuned to the operating frequency to 
restore the sinusoidal shape characteristic of the 
radio-frequency signal to be transmitted. 
[4] Douglas, Alan, Radio Manufacturers of the 
1920s, Vol.3.  
[5] Arnold’s patent is Number 1,128,279. 

(Continued from page 11) 

[6] Nicolson was also known for his inventions to 
mechanize ship and yacht control systems and in 
electronics he was the inventor, in 1915, of the 
indirectly-heated cathode, although his cathode was 
not affordable or sufficiently durable, using a thin 
tubular length of quartz which was platinized by 
baking after coating with platinic hexachloride, and 
was connected to the wires to the press and to other 
supports by more platinum “brazing.”  Westinghouse 
engineers Freeman and Wade finally invented a 
feasible one in 1923.  
[7] Taken from Patent 1,307,511,  application 
October 28, 1916; issued June 24, 1919. 
[8] See companion article on loudspeakers in this 
issue of Radio Age. 
[9] Proc. IRE, 24, 7, pp.985-1006, July, 1936. 

Figure 6. Nocolson’s patent illustration - p-p diodes 
that are biased by a common (gammatron?) grid. 



Radio Age  January 2019         RadioWinterFest - January 19, 2019        page 13 

 

A WIRELESS SET 19 GOES DOWN TO THE SEA 
BY ED LYON 

 
Nearly everybody has seen the Wireless Set 19, hinting by its appearance of British and possibly Russian back-

ground.  It is heavy, rugged, and was made in huge quantities during anf after World War II. 

I 
N the late 1940s, while 
in my first year of col-
lege, one of my jobs 

working for the Plant Su-
perintendent was to re-
charge the Physics Depart-
ment’s 200-volt bank of 
Edison cells in the Battery 
Room once a week, or 
whenever the users of the 
d-c supply complained of 
sagging voltage.  In this same room was a set of 
long shelves carrying various military-surplus 
electronics devices shipped in from time to time 
from Olson Radio, apparently donated from their 
surplus.  One such piece was a radio transmitter-
receiver  in a grey cabinet, with both English and 
Cyrillic labels on all the controls and switches on 
the front.  Based on the front panel labels, it 
seemed to house two units, A and B.  A operated 
from 2 to 8 MHz in two bands, while B operated 
at 235 MHz, but all of the controls for the B set 
had been removed. 
   
This unit sat on that shelf for about a year, and 
one day when a new batch of surplus AN/ARC-3 
radar sets were being loaded onto the shelves, 
one of the Physics lab assistants slid the trans-
mitter-receiver into a big trash can that I had 
been using for trash – empty alkali bottles, waste 
lengths of heavy wire, and floor sweepings.  
When I reminded the Physics guy that the can 
was for trash, he said the radio was trash, so if I 
wanted it I should get it out of there myself.  
Now that was the kind of radio bargain I always 
liked best. Inside the radio’s cabinet was a pam-
phlet indicating the unit was a Wireless Set -19, 
Mark II.  A small metal carrtying case labeled 
“WS-19 Spares”  also came along with the bar-
gain, having been behind the radio on the shelf.  
Since the unit had no bandspread capability, had 
only modest selectivity,  and covered only two 

ham bands, I gave up  on 
it as a ham receiver, and 
never tried the transmit-
ter, since I already had a 
ham transmitter.  I still 
have the unit. 
 
In recent years I acquired 
a full set of Meulstee’s 
Wireless for the Warrior, 
a technical history of ra-

dio communications equipment in the UK Army, 
published in 1998.  This massive compendium 
covers all the sets used by the British Empire in 
and after WW2, and it indicates this set was 
manufactured by Zenith Radio, in Chicago, 
probably in 1942, and was labeled for Russian 
use along with the English labels on the front 
panel, intended for use in Jeeps, trucks, and 
tanks.  In use in the military, the unit that I have 
is just one of several matching units that are ca-
bled together to make up the full shortwave  
communications complement for the vehicle.  
These would include the power supply, antenna 
coupler, “rejector” unit(s) and a transmitter high-
powered amplifier unit.  The rejector units were 
active filters that sharpened the tuning so that 
nearby sets in operation could operate without 
interfering with one another.  The units made in 
America, by Zenith, were mostly destined for 
Russia, being shipped there via Bremerton, 
Washington for shipment via Siberia, or from 
New York, for the convoys to Murmansk. 
 
The WS 19 was never wholeheartedly embraced 
by the US ham community, since it could not 
compete, technically, with receivers from Na-
tional, Hallicrafters, or Hammarlund, but many 
hams started out with the WS-19, because it was 
cheap,  in the surplus stores.  I found some old 
Olson flyers that listed this radio for about $40 in 
1949, and at hamfests in the 60s they could be 

My old WS-19, just as I found it in 1949, al-
ready modified, by removal of about half of its 

capabilities. 
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bought in unknown condition for $20 or less, 
depending on the appearance.  The spare tube kit 
often sold for an additional $10, and it contained 
several then-useful tubes, like the 807 and multi-
ple  6V6s and 6K7s.  The WS-19  used a mix of 
American and British tubes (valves), all made in 
America in my set; the transmitter output tube 
was a quite respectable type 807.  This radio out-
fit was very popular in the British ham commu-
nity, and possibly more so in the Common-
wealth, such as in Australia and New Zealand.  
In his Volume 2,  Meulstee devotes over 175 
pages to this model and its associated sub-units. 
There is also a very active WS-19 support/users/
collectors group on the web. 
 
One Australian, Ben Carlin, while definitely not 
a radio fan or collector, adopted a WS19 Mk II 
as his choice for the communications comple-
ment for a trans-Atlantic cruise in a Jeep.  He 
dreamed of crossing the Atlantic in a small boat, 
but after first seeing an amphibious Jeep while 
on duty with the Australian Army, in some mid-
dle eastern country, in 1949 or 1950, he made a 
decision to try it with an amphibious Jeep.  Ob-
taining such a vehicle in the first place was quite 
difficult, the only source being the  Defense De-
partment’s surplus materiel auction system, and 
that organization gave first priority to ex-US ser-
vice-persons, so he had to get an Air Force re-
tiree to bid for him.  The Jeep cost him almost a 
thousand dollars, and then he had to outfit it for 
the trans-Atlantic journey.  This involved build-
ing a superstructure to ward off the spray and 
wind, and add antenna masta fore and aft.  Larg-
est single problem was fuel supply, since his 
early tests in small lakes and ponds revealed he 
might get 5 miles per gallon of gas.  After outfit-
ting with everything except long-term supplies, 
radio, and bilge pump, he took a trial ride out 
into the Atlantic from Long Island, out about 
100 miles, and return to south New Jersey, at 
less than 4 miles per gallon, and enormous diffi-
culty steering, and no radio to help in case of 
failure of the engine or the like. 
 
That’s when he got the WS19, and devised a 
way to carry enough gas to get at least to the 
Madiera Islands, as a first stop.  After the second 

 

departure, with a 300-gallon “slipper” gas tank 
slung under the Jeep, as can be seen in the 
drawing on p. 15..  When out at sea, he found 
his transmitter section of the WS19 did not 
seem to raise any return calls, for the obvious 
reason that his antenna, attempting to work at 6  
MHz, was only about five feet above the water, 
and was only twelve feet long, which calculates 
to be about 0.1 percent efficient.  But the re-
ceiver worked just fine.  After an arduous tirip 
he made the whole journey, and then toured 
Europe and Africa with the Jeep, and ultimately 
wrote a book on his adventure, Half-Safe, by 
Ben Carlin, William Morrow & Co., New York, 
in 1955. 

The Ford-built amphibious Jeep, rarely used in the 
war, except for ferry service. 

By 1954, Carlin had made it to Paris, and still 
had the original WS-19 aboard. 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 
 
For Sale: 
 Photocopies of DOD publication 
on tube tester Models I-177, I-
177A, I-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the 
I-177). 20-page 8.5 x 11 document 
contains instructions for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 1809, 
Bowie, MD 20717. Or, order at 
ncrtv.org and pay via Pay Pal. 
 
 

Wanted: 
Geiger Counter aficionados – I 
would like to correspond w/ 
members interested in 40’s to 50's 
vintage Geiger Counters. I’ve 
managed to repair a couple of ‘em, 
including one made by HEATH, and 
would be pleased to discuss the trials 
and tribulations encountered. Please 
e-mail, snail-mail or telephone! 
 
Stephen Imms  
6035 E. Pine Crest Ct, Cornville, AZ 
86325; 928 852 0881; Email 
steveimms@cableone.net 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

 
Wanted:  Person who bought a 
Knight-Kit T-60 60-watt AM-CW 
Transmitter at RadioWinterFest-
2018.  I have found the manual, 
marked up by whoever built it, 
with some component value 
changes and other helpful notes. 
Please contact me, Vic Velelli, at 
vele.vic46@gmail.com  
 

WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. 
John Okolowicz, (215) 542-1597, 
john@grillecloth.com.  

The amphibious Jeep 
named “Half-Safe”, outfitted 
for her trans-Atlantic cross-
ing. The Wireless Set 19 is 

located by the arrow 
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MAARC Your Calendar! 
 

Sun., Jan 20 RadioWinterFest-2019 at the National Electronics 
Museum, Linthicum, MD (near BWI).  Map on p. 15.  All-day 
event, starts at 8:00 am; Vendors use indoor tables free, but 
admission is $5 for non-NEM members and free to NEM 
members. (MAARC members can join NEM for $20, for free 
admission for a year.  Coffee & doughnuts available at NEM, 
otherwise food available nearby.  Auction at noon. 

 

Sun., Feb. 17 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions.  Tailgating at 11:40, 
meeting at 1:00 pm. Program: Super Show -N-Tell  Bring a 
show-stopper!!  

Sun., Mar 17 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions.  Tailgating at 11:40, 
meeting at 1:00 pm. Program: Randy Warren: Phono 
cartridges; Display Table: Loop Antennas. 

Sun., Apr. 14 MAARC meeting at Sully Station Community Center, 
Centreville, VA. Tailgate at 11:30; Panel Discussion on 
radio alignment.  Display table: Crystal set kits.  

 

Presort Standard 
US Postage Paid 
Permit  401 
Frederick, MD 

Mid-Atlantic Antique Radio Club 
c/o Geoff Shearer 
14408 Brookmere Dr. 
Centreville, VA  20120-4107  


