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SOUSA'S DUAL-CONTROL PENTODES 
TUBE TOPIX —PART 1 

BY ED LYON 
This is the first of a series on "new" developments in vacuum tubes. It is based on research done recently by Joe 
Sousa and others, primarily at Radiomuseum.org. This series will describe tube developments of relatively recent 
vintage in the west, and some of the outstanding vacuum tube development done by the Soviets during the period 
1950-1990, during the bulk of which time the west had already cast most vacuum tube technology into the dustbin 
of history. 

W HEN the British invented the "penthode," 
as they spelled it at the time, the objective 
was to improve the tetrode, especially in 

audio power output applications. Problem with the 
good old tetrode was that in such applications, the 
plate could be swinging over a great span of voltages, 
especially if the tube was being 
asked to drive a speaker or two 
for swing dance music. When 
this happened, the plate could 
well dip down in voltage to a 
point that was considerably 
lower than the voltage on the 
screen grid. Remember that the 
screen grid had been added to 
the triode (making it a tetrode) 
to accelerate electrons to the 
plate so that the electrons 
wouldn't care what voltage was 
on the plate — they were hell-
bent on getting there just due to 
the accelerating influence of the 
screen grid. Well, Mother 

Nature being what she is, those electrons smacked 
into the plate with such force that they knocked off 
showers of electrons that were already there, but 
loosely tied up in atoms of the metal comprising the 
plate, itself. These "secondary" electrons bounced 

off the plate a short distance, 
and if the plate was, at that 
moment, undergoing one of 
those deep dips in voltage, 
these new electrons would 
sense the hugely positive 
voltage of that screen grid 
nearby and fly there. 

111 
1.1 Tomato 

Joe Sousa's Tomato-Soup transmitter, 
using a single dual-control tube. This unit 
is complete with power supply, and 
makes a swell collector's broadcaster. 

That's when the trouble 
started; imagine that for many 
of the electrons that reached 
the plate in the first place, say 
three broken-loose electrons 
left the plate and went to the 

(Continued on page 3) 
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Map — Davidsonville Family 
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(Continued from page 1) 
screen grid, the result would be a 
sharp dip in net plate current; 
indeed such a dip that the current 
could go below zero, to a negative 
current. This current reversal 
would result in a sharp blip in the 
music, and it would quickly correct 
the dip in plate voltage. But the 
end result is distortion and possible 
damage to the tube, since the 
screen grid is a light-weight affair 
not designed for big spikes of 
current delivered by the plate. So 
along came the pentode (or 
penthode), with its third grid, placed between the 
screen grid and the plate, which grid is supposed to 
prevent those jarred-loose plate electrons from 
becoming aware of the screen grid, because it is over 
there on the other side of this new suppressor, grid. 
The suppressor grid was generally connected to the 
cathode, but in some pentodes it could be connected 
to the chassis of the radio or amplifier, or to B-; 
anywhere that seemed neutral and well away from the 
screen's voltage. The suppressor grid was not 
expected to collect any but a few wayward electrons, 
so it had to be connected to someplace that could 
absorb these few strays. 

Adding the suppressor grid made the tetrode really 
act like an ideal tetrode — electrons leaving the 
cathode and allowed through the gate provided by the 
(original) control grid were accelerated by the screen 
grid's connection to a positive voltage, and sped 
onward through the suppressor grid to finally hit the 
plate. And secondary electrons knocked off the plate 
by the initial impacts might wander a moment, but 
soon returned to the plate — no harm done — at least at 
normal frequencies not considered extremely high. 
Another result of the suppressor's isolation of the 
plate was the fact that the plate voltage could be of 
practically any value, just so long as it was positive 
(and able to collect electrons), and its voltage level 
had essentially no effect on the volume of electrons 
collected — that was established only by the control 
grid's gating effect and the screen grid's acceleration 
effect. This turned the pentode into a current 
generator, not a voltage generator. As a result of the 
realization of this effect, radio engineers soon put the 
pentode to work in radio-frequency amplifiers, where 
the loading effect of a tube's plate on the tuned 
circuits had always caused trouble, lowering the 
selectivity of the tuned circuit. Now, with this 

PLATE 

Structure of beam power tube 
showing beam-confining action. 

•co-, iCA C :50 55e(c4,,g 1,,be Manuel 

idealized current generator, or at 
least something approaching the 
ideal, the loading effect on a tuned 
circuit would be essentially zero — 
the circuit could be made as 
selective as the coils and capacitors 
would allow. 

The practical value of this was that 
now radios could be cheaply made 
with only one or two radio-
frequency tuned circuits in them, 
each carefully mated to a pentode, 
and the result was an acceptable 
amount of station separation 

capability, and big savings in parts count. And just in 
time for the Great Depression — when cheap radios 
were the only kind that were selling. By the early 
1930s, pentodes were king, and Philips had by then 
licensed their manufacture and further development 
to many companies. 

Later, as economic times threatened to return to 
normal, additional capabilities were discovered for 
the pentode, and for pentode-like tubes. Some of the 
variations discovered to be useful in special 
applications were the following: 

1. British engineers [ 1] noticed that for power 
tube applications a physical suppressor grid 
was not actually necessary if the electron 
stream headed for the plate could be confmed 
to a sharply-defined beam or jet. They 
devised little (grounded) beam-forming 
electrodes just outside the screen grid for the 
purpose of squeezing the electron stream to 
sharp beams. Such a beam swept all before it 
onto the plate surface, secondary electrons 
and all, and the only precaution needing to be 

(Continued on page 4) 
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(Continued from page 3) 

considered was the dissipation of heat 
generated at the spots on the plate where the 
beam of electrons struck. These spots were 
arranged to be where heavy wire leads were 
welded to the plate, where fins had been 
added, and the like. Noting that the tube was 
not easily manufactured [2], they licensed it 
to RCA in 1936, over here in the colonies, 
and the first such power tube made this way 
was the highly successful 6L6 — which is still 
with us today, in guitar amplifiers, for 
example. 

2. Based on a chance observation of how 
electron streams behaved in ordinary triodes, 
RCA engineers began, in 1935, to explore 
how electron beams could be created, and 
controlled in vacuum tubes having non-
gridded (simple rods or narrow panels) 
electrodes [3]. They had discovered the 
electron beams as early as 1925 when they 
operated triode tubes whose plates (anodes) 
had been coated with fluorescing material, 
and saw the sharp luminous lines on the plate 
marking the gaps between grid wires. These 
bright spots were caused by the interaction of 
energetic electrons at the fluorescent salt 
coating the anode. In Germany, at about the 
same time, Knoll and Schloemilch were 
pursuing the same phenomenon. 

3. During World War 2, American scientists had 
discovered that certain pentode tubes could 
be operated with their suppressor grids 
employed as auxiliary control grids, 
exercising further control over the electrons 
that reached the plate of the pentode. This 
made possible large Navy AM radio 
transmitters that used very modest tubes, 
impressing modulation on the RF output 
tube's suppressor grid, rather than the 
enormous (and inefficient) plate modulators 
formerly used. Suppressor-grid control of 
the electron stream also ushered in entirely 
new radar pulse-control circuits like the 
phantastron [4], and made possible Robert 
Adler's later gated-beam discriminator/ 
limiter for FM receivers [5]. 

We will be examining some of the phenomena that 
make the above tube characteristics possible, and will 
show how appropriate tubes can be used to exploit 
these phenomena. We will also describe how the 
experimenter can build practical and useful circuits 

that use these capabilities, and can make radio 
collecting more interesting. We'll start with the last-
named case first. 

Most radio collectors who do their own circuit 
restorations have noticed that pentodes come in a 
variety of sizes, shapes, and pin-outs. Some, like the 
very common 6SK7 (or 12SK7 for the All-American 
Five enthusiast), have a separate socket pin for the 
suppressor grid, while others, like the 6SG7 (or 
12SG7) have the suppressor internally connected to 
the cathode. In all 5-tube superhet circuits, the 
suppressor grids should be connected to the cathodes, 
anyway, so why did the tube makers leave it up to the 
wiring production line to make the connection, in the 
case of the 6SK7, when they could have internally 
connected the suppressor to the cathode, as in the 
6SG7? The same thing applies to the sharp-cutoff 
versions of similar pentodes, like the 6SJ7 (separate 
suppressor and cathode pins) and the 6SH7 
(suppressor internally connected to cathode), often 
encountered in audio work. Further reference to any 
tube manual will show that the same thing applies in 
the case of miniature tubes, too. The 12BA6, 
encountered by "AA5 mini" enthusiasts, has separate 
suppressor and cathode pins, requiring the assembly 
people to add a jumper connecting them together at 
the socket. 

The reason for the separate suppressor-grid pinout is 
subtle, but important. The whole reason for the 
suppressor grid is isolation of the plate, of course, as 
we noted above. This is especially important in RF 
circuits, and is critical in very high-frequency 
circuits, like shortwave and FM receivers. The 
problem with interconnecting the suppressor and 
cathode inside the tube is that then there is a common 
wire carrying both cathode current and suppressor-
grid current to B-, and this wire might be short or 
long, depending on how the tube stem is designed, 
and how the wire from socket to B- is routed by the 
radio assembler. If it is not very very short, it may 
have significant inductance. This means that any 
capacitance between plate and suppressor grid (after 
all, they are next to each other in the tube) is 
equivalent to capacitance between plate and cathode 
(since the suppressor grid is internally connected to 
the cathode in our supposition, here). And 
capacitance between plate and cathode is regenerative 
in nature (positive feedback), and can cause 
oscillation. 

(Continued on page 5) 
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(Continued from page 4) 
So radio designers got used to the separate 
connections to B- for the cathodes and the suppressor 
grids of many pentodes, and learned to run separate 
short wires to chassis or B- for these pins, if they 
didn't want to have to contend with squeals and 
bizarre behavior in their radios. Other designers 
noticed that the tube would behave differently if the 
suppressor grid were returned not to the cathode, but 
to some other source of voltage, perhaps a few volts 
positive or negative with respect to the cathode. This 
is certain indication that the suppressor grid could 
exert some control over the electron stream after it 
had passed through the screen grid. The control grid 
and suppressor grid thus provide dual methods of 
control over the electron stream eventually getting to 
the plate. 

During World War 2, there developed a need for what 
we later called digital circuits [4]. These circuits 
sought to measure and/or control the timing and 
ordering of events, such as in radar systems. At the 
time, most radars being developed used pulses of RF 
energy, transmitted at regular intervals, while receiver 
circuits listened for echoes of the transmitted pulses. 
To find the distance from the radar to an echoing 
object, perhaps an aircraft or ship, the time elapsing 
between the pulse transmission and the receipt of the 
echo must be measured, and this was usually done by 
"painting" the echo on an oscilloscope screen while 
the 'scope trace swept uniformly across the screen. 
The location of the echo could then be seen against a 
background that could be marked as with a ruler, in 
equivalent distance, in miles, yards, or meters. The 
painting of the echo was straightforward, it requiring 
only that the radar receiver output signal become 
impressed on the oscilloscope "brightness" control, 
namely the cathode-ray tube (CRT) control grid. The 
distance scale ruled on the scope face was generated 
by one of the new "digital" circuits. 

Engineers worked to develop stable "digital" or 
timing circuits, mostly using square-wave oscillators 
called "flip-flops" or multivibrators. The same types 
of circuits would soon become commonplace in 
television receivers, but during the war many of these 
circuits were novel, and one such circuit was called a 
phantastron. The phantastron circuit uses a pentode 
or pentagrid tube that has the above-mentioned dual 
control capability. One of the controlling grids is 
used in a positive feedback scheme that is capacitor 
coupled, so that when the tube starts to conduct, this 
grid gets a feedback signal that tells the tube to 
REALLY conduct, and this hard, saturated 
conduction continues until the feedback capacitor 
gets fully charged, at which point the feedback 
suddenly stops, and so does the conduction. The 
second controlling grid is what triggers the cycle to 
repeat itself. Selection of the capacitor size serves to 
adjust the feedback cycle duration, making the 
phantastron a good timing circuit. Once it is 
triggered, it goes through one timing cycle, then 
waits for another trigger pulse, making it a "one-
shot" circuit. The type 6AS6 pentode was especially 
designed for good suppressor-grid control 
capabilities, and was extensively used in phantastron 
circuits. 

Another series of wartime pentodes that had some 
level of this dual-control capability was the set that 
included the 803 and 804, rated at 125 watts and 50 
watts, respectively. These were transmitter output 
tubes, often used in aircraft transmitters, and used the 
suppressor grids for amplitude modulation. The 
advantage here was that this grid required essentially 
zero modulation power, contrasted with plate 
modulation, which needed 60 and 25 audio watts for 
the two tubes here, saving significant weight in 
aircraft equipment. 

(Continued on page 6) 

For the Record 
The November 2010 meeting of the Mid-Atlantic Antique Radio Club was held at the Davidsonville Family Recreation 
Center on 21 November, with 53 members present. President Steve Hansman's idea of a display table (with the theme 
"Radios made/sold prior to 1925" was a hit, collecting about twelve fine examples of old equipment ranging in size from a 
little Howe crystal set to a Federal 61 receiver. A good-sized Show-'n'-Tell session was followed by Brian's usual fine 
auction, which netted the club treasury just over $70. 

The December meeting was held at Sully Station, Northern Virginia, where the display tables held about eight examples 
of "Radios made/sold in 1925-26." These included the ubiquitous Freshman Masterpiece and several other three-dialers, 
and a Magnavox two-step audio amplifier. A lengthy Show-'n'-Tell session chaired by Bill featured Jim Wilson's unique 
papier-maché doll loudspeaker, made in England, Randy Warren's NIB AN/USM-3A test set, Geoff Shearer's recent ac-
quisitions at an auction, Alan Feinstein's discussion of refmishing HiFi cabinets, and Paul Farmer's display of an Eico 
amplifier that had sustained minor, but detectable, drop-damage in shipment. Paul used this example to show how to pack 
such items for shipment. A brisk auction followed, bringing in a net of $ 116. 
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(Continued from page 5) 

But all this was a long 
time ago, dating back to 
World War 2 and earlier. 
In far more recent times, 
the dual-control feature 
afforded by having 
access to the suppressor 
grid as well as to the 
familiar control grid 
allowed some 

150VDC1"4 
plate, 
G2 

III/ 

load= 

G3 -5.9V 10.c./19(1)-1/f550pF .-  
•miminsi••••= 

.• •rearce net — . . 
Joe's measured waveforms for the 6AS6 push-pull output for three different 
voltages on the suppressor: left, -9.5 v; center, -5.9 v; right, -0.5 v. Note the 
complete reversal in phase, with zero output at the central voltage level. 

innovative tricks to be played in electronics. Robert 
Adler, of Zenith fame, might be remembered as the 
fellow who conceived of the special "Phasitron" tube 
for producing FM far more directly than had been 
done originally by Armstrong [5]. He also conceived 
of the gated-beam discriminator, or type 6BN6 tube, 
in about 1956 [6]. In this latter device, he 
rationalized that if the electron stream from a cathode 
of a pentode were formed into a beam that had to 
pass through a narrow control grid slot, the beam 
could be sharply controlled by very small grid 
voltage variations. After the electron beam had 
passed the screen grid aperture, it could again be 
sharply controlled by a similar suppressor-grid slot. 
The only difference between the two slots, insofar as 
control was concerned, was the fact that the 
suppressor-grid slot tended to be influenced by the 
beam, mainly because of the proximity of the plate, 
and the intensity of the beam at this point in its travel. 

Adler saw that this suppressor-like slot could be 
connected to a tuned circuit, tuned to the center 
frequency of an IF amplifier, and this tuned circuit 
would become excited with a high signal amplitude if 
a center-frequency signal was inputted to the usual 
control grid slot. Further, as the frequency of the 
input signal departed from the center frequency, the 
phase of the suppressor tuned circuit would shift 
upward if the excitation was at a lower frequency, 
and downward if the excitation went higher in 
frequency. The end result was that this single tube 
would act as an FM limiter (owing to the extreme 
sensitivity of the control-grid slot on the electron 
beam) and as a discriminator (owing to the 
suppressor slot's phase shift), while the plate's output 
was the amplified audio signal, thus acting as three 
stages in one. This tube became standard in 
television FM detectors, and in some FM radio 
tuners. 

But Joe Sousa has looked further into dual-control 
pentodes like the 6AS6 and some of its more modem 

equivalents. His interest began when he realized that 
the suppressor grid might be able to act as a 
directional gate, switching electrons that have come 
through the screen grid either to the plate or back to 
the screen grid, depending on the suppressor's 
voltage at the moment. He has found that changing 
the voltage applied to the suppressor grid not only 
affects the plate current by changing the number of 
electrons that can pass through the suppressor on 
their way to the plate, but actually redirects those 
stopped electrons to go, instead, to the screen grid. In 
other words, while the usual control grid changes the 
electron density of the stream leaving the cathode 
area and heading for the plate, the suppressor grid 
acts more like a traffic cop, directing the surviving 
electrons either to the plate or back to the screen. 
One simple circuit he tested, based on this model of 
electron flow, was one where he applied an audio 
signal to the suppressor grid and connected the plate 
and screen to the ends of a push-pull audio 
transformer winding, connecting the center-tap to B+. 
As the suppressor grid swung positive and negative 
with the audio signal, the electron stream in the tube 
went to B+ via the plate or screen, respectively, 
converting the audio signal to a push-pull output. 

The fascinating thing was that, considering only the 
screen grid's current collecting activity, compared 
with the control voltage impressed on the suppressor 
grid (and ignoring the plate for the moment), the tube 
acted like a non-inverting amplifier. Positive 
suppressor input voltage swings yielded negative 
screen-grid current swings (and, consequently, 
positive voltage excursions), just the opposite of what 
happened normally between control grid and plate of 
any amplifier. By considering both the screen grid's 
current and that of the plate, he realized he had the 
makings of a push-pull amplifier, with a single-ended 
input applied to the suppressor grid. 

Meanwhile, he wondered what he could be doing 
with the usual control grid, while this single-ended-to 
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150VDC load= 
plate, 10K//90uH 
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G2 //550pF 
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Joe fed an RF signal ".o the control grid and an audio sine wave to the suppressor, biasing it at three dif-
ferent levels, showing excellent control over the modulation depth. The lower trapezoidal display is the 
usual ham-type modulation gauge, with 100°/0 modulation shown on the leftmost traces, less elsewhere. 

The Tomato Soup transmitter innards, two views. Note the brass-slug-tuned os-
cillator coil. Contact Joe for additiona. pictures, sent electronically only. 

(Continued from page 6) 

-push-pull circuit was working. Maybe he could put 
an RF signal there, and thereby achieve both 
amplitude modulation and conversion to push-pull at 
one blow. It was even possible to make the output 
into a double-sideband, suppressed carrier signal. He 
quickly wired it up and tried it, and it worked quite 
well. He learned what pentodes and what voltage 
levels worked best, and produced the results shown in 
this piece, in pictures. As for putting this new circuit 
to use, Joe realized that nowadays, AM radio has very 
little to offer when he wants to try out the various AM 
radios in his collection, so he made the 6AS6 circuit 
described here into a little AM transmitter for the 
collector. By feeding it the audio from little tape 
cassette player (or CD-ROM player), and by making 
the control grid RF signal self-generated (wire the 
control grid and cathode into an oscillator circuit), he 
could broadcast old-time music, for example, 
throughout his "radio room." 

This might be a good idea for collectors who have 
been trying to rely on AM radio for program material 
for listening-to on those nice old radios in the 

collection — a home-
built, ultra-simple, one-
tube transmitter for 
putting old Boston 
Braves or Washington 
Senators game 
broadcasts all around 
the radio display room. 

Of course, packaging 
the little AM mini-
broadcaster required 
some thought, and, in 
the spirit of past 

Center 1:1 tapped 
Plate & Screen 
Push-pull 
transformer load 
4.7K at secondary. 
14 pentodes 

."; 

e 1 OT14CTn.ab.4± 1 > 
g -0-

Vout inVrms for G3=0V and G3=-9.5V 
3000 

2750 

2500 

2250 

2000 

1750 

1500 

1250 

1000 - 

750 

500 

250 

-5 

-a1,93 
G3 (Vole.) 

Plot of the output-vs.-input bias voltages for some 
14 NIB 6AS6s and three newer TV versions of the 
same tube. Joe averaged these results to obtain 
the optimum values of resistance and voltage lev-
els in the Tomato Soup transmitter. 

(Continued on page 8) 
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performances like his Stone 
Soup radio [7], he turned the 
whole device into a Tomato 
Soup Transmitter, fully self-
contained, and AC-powered. 
The plans for this transmitter are 
here, in the event you want to 
try your luck at this as a nice 
winter project. Page 1 shows a 
photo of the completed 
transmitter, in its Campbell's 
Tomato Soup can, and this page 
shows the schematic. 

Since this is the cold-and-flu 
season, some of you may want 
to make it, instead, a Chicken-
Noodle Soup transmitter, and it 
will probably still work well 
with that can label. And if you 
can't stand anything that 
reminds you of Andy Warhol, 
you could use a Progresso Soup 
can. 

Joe's choice of tube was the 
6AS6, designed during the war 
for phantastron applications to 
be almost unique in having 
essentially the same gain from 
control grid to plate as from 
suppressor grid to plate, this 
achieved by winding the 
suppressor grid wires with a 
very fine pitch, relative to that in 
ordinary pentodes, like the 
6SK7. 

The power transformer is made 
of a dual-primary-voltage 
(120/240-v) dual secondary 
"filament" transformer, often 
easy to find in old linear power 
supplies at hamfests. The dual 
primary windings were 

Schematic and notes for build-

ing the Tomato Soup Transmit-

ter for the collector/builder. 

(Continued on page 9) 
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(Continued from page 8) 
separated, using one as the primary and the other as a 
120-volt secondary for making B+ voltage, using a 
bridge rectifier (I would use four 1N4007s). The two 
low-voltage windings produce the 6AS6 heater 
voltage and bias, respectively, and if these 
secondaries produce somewhat more than 6.3 volts a-
c, not to worry—just change R7 upward, as needed. 
The potentiometer U4 is mounted with its shaft 
sticking out the side of the soup can for adjustment of 
the bias for the suppressor grid. This is adjusted 
offset from the null shown in the center display at the 
top of page 6—the condition where the suppressor 
grid is diverting half the electrons back to the screen, 
and half continue to the plate. This spot in the pot 
control can be found by ear, after the unit is working, 
if you wish to forge ahead. 

A stereo CD player (or cassette player) was assumed 
to be the source of broadcast program material— 
maybe some swing music or a recorded baseball 
game (baseball game broadcasts always sound best 
when they emerge from an old cathedral set), and the 
stereo output of the CD player plugs into the stereo 
jack on the soup can, where the two channels' signals 
are added together by means of R10 and R11. 

When the transmitter is completed and checked for 
wiring errors, fire it up, plug in the CD player, and 
tune in the signal on an old radio (that works well). 
Adjust the tuning slug on the transmitter for 
avoidance of other stations, and adjust the suppressor 
bias pot to the null spot (where the carrier is 
suppressed, and voices being broadcast sound like 
Donald Duck), then gently advance the control from 
that spot for good-sounding audio. 

Joe set the values of voltages throughout the little 
transmitter based on averaging the measurements he 
made on 14 different 6AS6s and more recent tubes of 
similar construction. He found the screen grid 
internal impedance to be different from that of the 
plate (in about a 1:4 ratio), so that for true push-pull 
balance, you need to use a "push-pull" output 
transformer having an unbalanced center-tap. Using 
the whip antenna shown in the pictures, he could 
broadcast to all the radios in his shop, but also tried a 
home-brew tuned loop antenna to intensify the signal 
in some directions while making it softer in 
orthogonal directions. Many details are in the 
diagrams and pictures. 

The short whip antenna is adequate for most 
installations, but can be replaced by a tuned loop 
antenna, whose dimensions and tuning capacitor size 
can be obtained by e-mail from Joe. Mmm, =run, 
good! 

Comments and questions can be directed to Joe at 
jlrmsousa(at)comcast.net [Hint: use @ instead of 
(at)]. 

Footnotes: 
[1] Bull and Rodda, of EMI in the UK, developed the 
beam-forming plates as an alternative to the 
suppressor grid, to dodge the pentode patent held by 
Philips and Mullard. But EMI's tube company, 
Osram, found the screen-grid / control-grid alignment 
problem difficult, and sold the beam patent to RCA. 
[2] In beam tetrodes, like the 6L6, the wires making 
up the screen grid must be placed directly in line 
with, and behind, the wires comprising the control 
grid, or else large, damaging screen currents can 
result. The inventors realized they were playing with 
electron optics, and were forming electrostatic lenses, 
able to focus electron beams rather intensely, beams 
that could melt the screen wires in an instant, if 
allowed to focus there. For the same reason it was 
important to collect all the electrons in the beams on 
the massive plate, and not let them continue past the 
plate to hit the glass of the tube envelope, else a hole 
could be bored in the glass. 
[3] Thompson, Harry C., "Electron Beams and their 
Applications in Low Voltage Devices," Proc. IRE, 
24, 10, October 1936, pp. 1276, ff. RCA was 
contemplating development of extremely high-power 
transmitting tubes, and began working with electron 
optics as a way of focusing the electron stream well 
away from the grid structures. They were seeking to 
protect the grid from heat damage, and utter 
destruction should the plate ever arc back toward the 
cathode due to chance passage of a cluster of cosmic 
rays, for example (the "Rocky Point effect"). 
[4] The phantastron, as described here, is another 
multivibrator circuit of the "one-shot" type. 
[5] See Radio Age, May, 2005, "Simplification and 
Innovation: Making FM Radios Affordable." 
[6] Ibid. 
[7] Radio Age, November 2010, "A Stone Soup 
Radio." 
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EARLY Silicon Valley Spinoff 
In 1929, Ralph Heintz (of 
Heintz and Kaufman [H&K], of 

South San Francisco) attempted to 
dodge RCA-held tube patents by 
devising a triode that had no grid. 
Heintz was collaborating with the 
Dollar shipping lines to put transmitters 
on their ships, but RCA refused to sell 

them (or any other competitor) the tubes needed for 
their gear. So Heintz got into the business of 
inventing a non-RCA-infringing transmitting tube. 
What his engineer came up with in 1930 had two 
plates, one on each side of a filamentary cathode. By 
manipulating the voltage on the plate nearest the 
cathode (which he called the "gamma" plate), he 
could influence how many cathode electrons arrived 
at the other plate. Problem was it had very low 
amplification, and very high plate-to-plate 
capacitance, two characteristics that were better 
avoided in triode designs, but which didn't bother a 
power oscillator, which he decided would be good 
enough for Dollar's service. He called this type of 
tube a Gammatron, and his first prototype could 
handle well over 200 watts of dissipation, making it 
seem somewhat attractive to the ham transmitter 
community, and very attractive to the RCA lawyers, 
who paid him a visit immediately. 

The lawyers went home empty-handed, though, for 
the Gammatron had neither a getter, a thoriated 
filament, nor mica insulators, and it had tantalum 
plates, unlike RCA tubes. The next year, Heintz's 
engineer developed a small version, about the size of 
an 01-A, presumably for receiving, but it also failed to 
achieve any amplification, and never got past the pilot 
production stage. The most clever feature of these 
Gammatrons was the fact that they used tantalum 
elements that did not require a getter flash on the 
inside of the glass bulb to absorb entrapped air over 
the tube lifetime, like most RCA tubes needed. H&K 
was in business, finally, but soon slowed to a standstill 
because of the Depression's effect on Dollar and other 
customers for the Gammatrons. Meanwhile the 
Supreme Court had warned RCA to stop 
monopolizing the tube market, making the 
Gammatron design unnecessary. 

Within a year or so, H&K began manufacturing 
conventional triodes, and were calling all of their 

transmitting tubes Gammatrons, selling them primarily 
to hams (as advertised in 1934 QST magazines and in 
the Allied Radio catalog). In 1934 the ads said their 
354 Gammatron boasted a conservative 100 watts 
dissipation, and used tantalum grid and plate and 
Nonex (borosilicate) glass, able to be pumped down 
while being baked at very high temperatures to drive 
out gas. These features became almost standard in all 
transmitting tubes by 1936, as H&K struggled 
alongside very capable competitors like Eitel-
McCullough (Eimac, in San Bruno, California). And 
no wonder Eimac made good competition - Bill Eitel 
had been Heintz's engineer in the original Gammatron 
design, and, with Jack McCullough, in the conversion 
to a conventional design. Both had worked for H&K, 
and left when work became slack. 
For pictures of Gammatrons, see bottom of page 13. 

Bus Radio 
This editor ran across an interesting pictorial 
article in a 1925 issue of Motoring magazine 

from the library of MAARC member Bill Lees. It 
briefly described a radio receiving capability built into 
long-haul interurban buses in California, intended for 
the entertainment of passengers. The miracle of 
actually hearing an orchestra playing or a person 
singing in a concert hall many miles away, while the 
listener speeds along in a public bus must have been 
exciting. Makes one wonder who got the honor of 
operating the tuning and volume controls as the bus 
went from city to city. The modern-day analogy would 
probably be those ubiquitous CNN television monitors 
throughout airport waiting areas. The picture here 
shows the bus, with its deployed antenna system. Can 
any of our readers identify the brand of bus shown on 
p. 14? The logo on the upper radiator tank is not clear, 
even in magnification of the original, but the shape of 
the engine hood hints at White or Autocar. 

TUBE Topix Series 
The "Tube Topix" series starting with this 
issue of Radio Age will culminate in the 

presentation of a seminar at RadioActivity 2011 on the 
cold war development of very clever electron tubes in 
Soviet Russia, a display of a pristine formerly secret 
Soviet field transmitter-receiver that uses these novel 
tubes, achieving efficiencies that come close to what 
could be achieved in that period by solid state 
components, and a working near-copy of the first 

(Continued on page 14) 

Radio Age • January 2011 Visit MAARC's web site at www.maarc.org page 10 



BILL AND JOE 
SOMETHING TO TUNE, PART 4 
BY WALTER LINDENBACH 

Last time, Bill had just explained how a transmission 
line could be turned into a transmitting antenna. Be-
fore Joe could complain that he was interested in a 
receiving antenna, Bill added that transmitting anten-
nas and receiving antennas are exact compliments. 
Now Joe could fit it in with the other parts of a re-
ceiving antenna. 

"Okay," said Joe, reaching for the paper pad, "now 
let's see if I have the general picture straight." And he 
began to draw what he called Figure 4. 

"Now, the impedances. Uh-oh! The character-
istic impedance of the antenna, the transmission line, 
and the receiver antenna input are all different, aren't 
they?" 

"Right, both counts," replied Bill. "The trans-
mission line is RG 58; characteristic impedance: 50 
ohms. The receiver input impedance we can find 
from the receiver specifications. Now the antenna." 

"Oh yes, now the antenna! First, we have to 
know what kind of an antenna we're going to use. 
Didn't you mention a thing called a random-wire an-

tenna a while ago? 
Can we start with 
that?" 
"Sure we can." 
"Maybe first you 
could tell me what 
it is." 
"That's a very 
good place to 
start." replied Bill. 
"It's called 

'random' because it's length is not related to a wave-
length. It's just the length that will fit the place where 
you can put it. That's not ideal but, living in a condo 
unit with a small balcony as you do, there isn't any 
other choice. Can you put a piece of wire on the bal-
cony?" 

"Well, if I'm going to listen to any shortwave, 
I'm going to have to, won't I? Yes, some insulating 
supports can be attached to the balcony railing, and a 
wire can be attached to the supports. But the whole 
business will have to be nearly invisible or I'll get 
squawks from the condo board." 

"That's going to be a challenge. Do you have 
pigeons around your place?" 

"Did you say 'pigeons', Bill? Are you going 
to ask next about the characteristic impedance of a 
pigeon? What ever are you getting at?" 

"Well," said Bill slowly, "this is going to 
sound silly, but it worked in one place. You can tell 
the condo board that the antenna is to keep the pi-
geons off your balcony." 

"Aha, not bad. It might work! But, I'll worry 
about that. Let's get on with the antenna." 

(Continued on page 12) 

Antenna 

RG-58 Transmission Cable 

.. [Antenna 
-= Transformer 

Ground Fig 4 Antenna Lead-in. and Receiver 

Receiver 
Transformer 

"So, the antenna transformer has to match the charac-
teristic impedance of the antenna to the transmission 
cable whose characteristic impedance is 50 ohms. 
Then, at the other end, the receiver transformer has to 
match the transmission cable -- again 50 ohms -- to 
the receiver input impedance. How's that?" 

"Perfect!" Bill was impressed. "You've got 
the thing cased to the letter! Now, all we need to 
know is the antenna characteristic impedance and the 
receiver input impedance. Then, we'll make the trans-
formers to do that." 

"Did you say 'make' transformers?" Joe was 
wide-eyed. "Can we really do that?" 

"Oh yes, ol' Buddy, we sure can!" Bill re-
plied, "It's not hard, and certainly not expensive. The 
great trick is to find out what the transformers are to 
do. That means what impedance they are to convert 
to what other impedance, and over what frequency 
range." 

A Random Antenna?  

"Sounds like fun," said Joe. "Frequency 
range? That's a cinch -- the HF band, or so-called 
shortwave band, 3 MHz to 30 MHz, yes? 
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(Continued from page 11) 
"Okay, what is the length of the piece of wire 

that you can mount?" 
"About 12 feet. You figure that's any good?" 
"Sure it is. Not ideal, but that can't be helped. 

Now the wire. Use solid wire, thicker is better than 
thinner -- probably not thinner than No. 18 -- insu-
lated or not, but be sure it is well insulated from any-
thing else." 

"Say," Joe asked, "somebody mentioned that 
stranded wire is good for radio frequency connec-
tions. He mentioned something called Litz wire. How 
about that?" 

"No, no," replied Bill, "not in the HF band. 
Stranded wire has its uses, but not here." 

"Just out of curiosity, why not stranded wire? 
Apparently Litz wire has less resistance at radio fre-
quencies than solid wire." 

"Oh, that's a long subject, Joe. But briefly, 
stranded wire has more radio frequency resistance 
because of the skin effect and the proximity effect. 
Both are a result of the anti-social tendencies of radio 
frequency currents. By the way, Litz wire is not just 
ordinary stranded wire; it is many individual strands 
insulated from each other, and it is useful at frequen-
cies up to, at most, 3 MHz." 

"Anti--social tendencies' Is that what you 
said? You must tell me about that sometime. But not 
now. Could we consider any other kinds of antennas? 
I've heard of dipoles, folded dipoles, windoms, yagis 
-- any use in these?" 

"Use? Yes. For you? No. That's because of 
the frequency range that you want to listen to -- 3 
MHz to 30 MHz -- and because of your space limita-
tions." 

"Okay, what's next? The lead-in?" 
"Almost. Random wire antennas have lead-

ins connected at one end. Then their radiation pattern 
-- which, for a receiving antenna, means the sensitiv-
ity pattern -- is like a funnel -- if they're long enough. 

Which Way Do They Listen? 

"So let's begin with a single wire that is two 
wavelengths long at some frequency where you want 
to listen. It can then be called a Long Wire. Think of 
a funnel with the antenna wire going through the 
hole. We'd better have a look at that." Bill pulled a 
book' from the shelf. 

"Well, that's pretty. Did you say 'funnel'? 
Looks more like a cloverleaf to me. What's this got to 
do with antennas?" 

Figure 2 Long Wire Sensitivity Pattern 

"This diagram shows where an antenna is 
most sensitive and where it is least sensitive. First, 
to understand it we must think of a ' figure of revo-
lution'. That means that, to get the full picture, 
think of taking this diagram between your fingers 
with one end of the antenna wire at your thumb and 
the other against your index finger. Then give one 
of the leaves of the cloverleaf a flick with your 
other hand to make it spin. Now, while it's spinning, 
you are looking at a figure of revolution. 

"The antenna in this diagram is shown as a 
line so that you can see where it is. In fact, the an-
tenna is just a point where the leaves all come to-
gether. The distance from that point to any point on 
the outline of the cloverleaf represents the sensitiv-
ity of the antenna in that direction. 

"So, where is the longest line? It's from the 
point representing the antenna to the farthest point 
on the curve of the line representing one of the two 
largest cloverleaves. That means that in that direc-
tion -- perhaps 30° from the direction of the antenna 
wire -- the antenna is most sensitive. And since this 
is a figure of revolution, this most-sensitive direc-
tion can be thought of as a circle formed by the 
outer edge of a funnel whose diameter is such that 
the angle between the antenna wire and the surface 
of the funnel is 30°. 

"Our diagram shows that there are other 
directions where the antenna is also sensitive. These 
are the smaller 'leaves', and the sensitivity in these 
directions is -- according to the proportions of the 
diagram -- about one half, then one third, and then, 
perhaps, one tenth of the sensitivity of the direction 
of the longest line on one of the biggest leaves. 

"Now, look at the direction in which the 
antenna wire itself is pointing, and tell me what the 
sensitivity is in that direction." 

"Well," said Joe, looking thoughtful, "there 
isn't even a wee spikel of a leaf in the direction of 

(Continued on page 13) 
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(Continued from page 12) 

the antenna wire, so I suppose the antenna is not sen-
sitive in that direction at all." 

"Good! Just right. And then notice, that's true 
in both directions. So if you are using this kind of an 
antenna, you would not point it in the direction of the 
signal that you want to receive." 

"But I can't use a wire that is two wave-
lengths long, can I?" 

"No, not unless you want to listen to some-
thing at around 164 MHz." 

"Ah bother! That's no good! I want an an-
tenna that works in the HF band. Now what'll we 
do?" 

"Well, we make do with your little 12 foot 
long piece of wire. At 30 MHz, it is about 0.37 of a 
wavelength long. And at 2 MHz, it is about 0.024 of a 
wavelength." 

"If I'm right in the notion that antennas 
should be a significant fraction of one wavelength," 
Joe sighed, "I'm in trouble." 

"Na, na, stop worrying!" said Bill, reassur-
ingly, "Your notion is right. Antennas should be a 
significant fraction of the wavelength that you want 
to receive. A very good fraction is one quarter, but 

your 12 foot antenna gets there only at 20.5 MHz" 
"So what shall we do below 20 

MHz?" 
"That's something we are going to find out 

next time," replied Bill. 
"Oh sure," groaned Joe, looking at the 

clock, "time for me to go. G'nite." 
"G'nite." 

REFERENCES  
1: "Fundamentals of Radio", Frederick Emmons Ter-
man, page 377, McGraw-Hill Book Company Inc., 
First Edition, 1938. 
2: "The ARRL Antenna Book", The American Radio 
Relay League, page 2-17, 15th Edition, 1988. 
Diagrams and graphs were prepared using National 
Instrument's program "Multisim", provided by, and 
gratefully received from Analog Devices Inc. 

Walter Lindenbach can be reached at linden-
bachw@shaw.ca. If you have questions about the 
stuff Bill and Joe are talking about, send me a note. I 
will reply. 

At the left is a photo of 
one of the now rare H&K 
type 5 Gammatrons, cour-
tesy of Mike Schultz, 
www.UV201.com, and on 
the right is H&K's first 
conventional Gammatron, 
as it appeared in a QST ad 
in 1934. 

NEW 

3 5 4 
GAMMATRON 

A Real 

TRANSMITTING 

TUBE 
• 

Rated Output 

100 WATTS 
• 

Write for Folder 

HEINTZ AND KAUFMAN ) 
- — 

SINCE 1919 Engrs.—Mfrs. 
311 Calif. St. SAN FRANCISCO, Cal. 
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(Tidbits, continued from page 10) 
Sputnik 
transmitter, also 
using these tubes. 
An advantage 
enjoyed by tubes 
in such an 
application was 
that they were 
relatively 
immune from 
damage from the 
feared EMP — the 
electromagnetic 
pulse - produced 
by nuclear 
detonations. 
whereas solid-
state "front end" 
components 
would be fried by 
such pulses. 

The unusual 
efficiencies of 
the Soviet tubes 
are a conse-
quence of the 
internal structure 
of the tube and the elimination of the need to form a 
"space charge," or cloud of electrons near the 
cathode, or elsewhere in the tube, for that matter. 

But, for overall efficiency, it is difficult to beat the 
clever experimental work done by a Syracuse 
engineer, Philip Clark, who described amplifier, 
oscillator, and digital (multivibrator) circuits he had 
built and tested, using no B-supply at all. His 
descriptions were published in a brief article in 
Electronics magazine in December 1952. He had 
discovered that a breadboard multivibrator he had 
built for a project at work continued to operate after 
he had shut down the lab power supply that furnished 
the B+ voltage, and this led him to uy a number of 
circuits having zero B-voltage. Seems that most of 
these circuits work because of "contact potential," 
that voltage developed on s tube's grid when stray 
electrons from the space charge strike the grid, and 
are held there by distributed or circuit capacitance. 
This is the source of grid bias, for example, in most 
AA5 radios' first audio amplifier stages, usually a 
12SQ7 or 12AT6. 

J • • té t. J1111 

Wanted! 
Hi-fidelity, vintage audio gear, 
and ham radio equipment, 

1930 to 1970 

Entire electronic estates 
or just one piece 

Amplifiers, speakers, drivers, parts, 
crossovers, literature, tubes, tube 
testers—especially brands such as 
Western Electric, McIntosh, Marantz, 
JBL, Altec, Dynaco, Tannoy, Heathkit, 

EICO, etc. Sencore capacitor checker 
model LC 102 or LC 103 

Will travel to pick up. Contact me and I 
will make you a generous offer. 

I'll pay you more, so call me last! 

Alan Feinstein (MAARC member) 

Home: 410-740-5222 
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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. 

SERVICES: Professional 
restorations for all TUBE TYPE 
antique table radios, floor model 
consoles, cathedrals, tombstones, 
battery sets, communication receivers 
and music amplifiers. 
Complete overhauls to factory 
specifications. Lacquer sprayed, hand 
rubbed cabinet refinishing. Reasonable 
rates. Free estimates. UPS/USPS/ 
FEDEX/TRUCK shipments accepted 
4 year warranty on new parts. 
Bob Eslinger/KR1U, ANTIQUE 
RADIO RESTORATION & REPAIR. 
20 Gary School Road, Pomfret Center, 
CT 06259. Hours: 9am-5pm eastern, 
Tuesday thru Saturday. Telephone/fax: 
860-928-2628. 
E-mail: bob@oldradiodoc.com. Please 
come visit us on the web at http:// 
www.oldradiodoc.com or stop by... 
when in the New England area. 

.Antique Radio Repair : 30 years 
experience in repair of antique radios 

and tube equipment. Reasonable 
Rates. Jay Forbes, 21128 Stonecrop 
Pl, Ashburn, VA, 20147. 703-729-
9432. Email: JFRADI0@aol.com 

For sale: Battery radio cases: Thorola 
Islodyne, 22 x 14 x 10 inches high, 
clean. Finish is light, and needs only to 
be polished - $40. Acre radio box, 
Chicago , has internal wood speaker, 
and wood grille in place, original 
manufacture. Only damage is the usual 
chip off the front left corner. Case is 
the old dark finish - $25. Bernie 
Samek, 113 Old Palmer Rd. , 
Brimfield , MA 01010 , (413) 245-
7174, email: bemies@sartmet.net 

Wanted: Gaylord Wirecorder wire 
recorder (see Begun, 1949, p. 145/6). 

RADIO VINTAGE RADIO 
) DAZE & ELECTRONICS 71" 

• Professional Repair Services: Classic Radios, Communications Receivers, 
Antique Automobile Radios, Vintage Audio Gear, Jukeboxes, Cabinet Refinishing 

• Books • Capacitors Of All Kinds • Chassis-Aluminum/Steel 
• Chokes • Cloth-Covered Solid/Stranded Wire • Decals • Dial Belts & Cord 

• Dial Lamps & Sockets • Diodes • Enclosures • Fuses & Fuseholders 
• Grillerloth • Hardware • Kits • Knobs • Potentiometers • Power Cord 

• Power Plugs • Refinishing Supplies • Reproduction Dial Scales 

4, • Resistors Of All Kinds • Service Supplies • Sockets • Soldering Items • Speakers • Switches • Technical Data • Terminal Strips • Tools 

. Transformers - Classic Audio, Power, Filament, Isolation, etc. 

7) 

sso ." 

1. 4 4 

0  
11. It 

Radio Daze, LLC • 20 Assembly Drive, Suite 103 • Mendon, New York USA 14506 
Inquiries: 585-624-1099 • e-mail: info@radiodaze.com • Web: www.radiodaze.com 

U.S. Orders Toll-Free: Phone 877-OLDTUBE (877-653-8823) Fax 800-456-6494 

Schematic, reels (these are about 2.5" 
in diameter and have 5 holes in a circle 
on their face,) any other data about 
them. There were two models. I'd be 
delighted with either. A reel with wire 
on it would be helpful as well. Please 
do not contact me about other wire 
recorders- this is the one I presently 
need. Steve Smolian. 
smolians@erols.com. 

Wanted: Schematics and any other 
data for two Hickok mid-30's signal 
generator models 0S-7 and 0S-8. 
Roger Asman. 15383 Blue Skies Ct. 
West, Livonia, MI 48154-1515. Phone 
7 3 4 - 4 6 4 - 0 4 2 6 . or 
rogerasman@aol.com 

Wanted: ICLH Model Eight (8) radio 
and speaker, also Model Eight speaker 
alone. Also DeWald B610 FM to AM 
converter, wood or catalin. John 
Begg 3 0 1-64 9-46 63, 
jbegg@jbegg.com 
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Mid-Atlantic Antique Radio Club 

c/o Paul R. Farmer 

P.O. Box 352 
Washington, VA 22747-0352 

MAAJZ& lleur &evlevervi-
Sun., Jan. 16 

Sun, Feb 20 

Sun., Mar. 20 

Sun., Apr. 17 

Presort Standard 
US Postage Paid 
Permit 1502 
Merrifield, VA 

*******AUTO**SCH 3-DIGIT 210 

2012-11 
Bruce Shetrone 
969 Shore Acres Rd 
Arnold, MD 21012-1724 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Presentation: Willie's Super Show-'n'- Tell. 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Presentation: Domi: Valentine Radio 

ephemera. 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 

meeting at 1:30. Presentation: Town Hall Meeting. 

MAARC spring meeting in Northern Virginia. Meeting venue 
is Sully Station Community Center just off Westfields Blvd. 
and Rte. 28 just south of Dulles Airport. See map on page 

15. 

Sun., May 15 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Presentation: TBD. 

(For hamfest calendar, refer to ARRL web-pages.) 
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