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TUBE TOPIX--3, BY ED LYON 

In previous parts of this series, published in this journal in January and March, 2011, we discussed the early work at RCA 
and elsewhere on the concept of electron optics as a mode of vacuum tube operation. Then we covered the several kinds of 
tubes developed in the immediate post-war period ranging from sheet-beam tubes employed in television and FM radio cir-
cuits, gas-filled switching and counter tubes, and, finally, the Soviet development, by V. N. Avdeev, of sheet-beam-forming 
tubes using rod-shaped electrodes. This part will expand on these rod-element tubes, and will show several of the applica-
tions, all of them field-tested by our erudite experimenter, Joe Sousa. 

llN the post-war years, vacuum tube development in the West was primarily driven by the new 
entertainment form, television, and military 

needs. The advantage given the industry by the rise 
of television was significant, because it promised a 
market in which new developments could be  
amortized in cost 
over millions of 
customers. Because 
military applications 
could not boast such 
huge numbers of 
equipments, at least 
for most applications, 
the cost per devel-
oped device went 
upward, but borne 
by the taxpayers. 
The invention of the 
transistor caused 
some adjustment in 
tube development, 

A typical rod-electrode pentode tube, lzh24b, about 
three times actual size. Photo courtesy of Bill Lees. 

but projects like Tmkertoy came along to compress 
tube circuits into smaller packages, and tubes like 
Compactrons and Nuvistors further increased the 
circuit density in television and radio equipment. 
The breakthroughs in junction transistors, and then 

in field-effect transistors, 
that pushed their upper limits 
of operating frequency 
upward into the VHF, UHF, 
and SHF ranges marked the 
end of the line, even for 
Nuvistors. Of course, in 
high-power applications, the 
vacuum tube stayed on top — 
nothing was as efficient at 
megawatt power levels [ 1]. 

In military applications, 
ruggedized subminiature 

(Continued on page 3) 
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Map — Davidsonville Family 
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(Continued from page 1) 
tubes, first developed in the second World War for 
proximity fuzes in the warheads of artillery shells and 
rockets, hung on for another generation of 
equipments, and the airborne radio set AN/ARC-44 
was probably one of the last tube-type sets built for 
the Air Force, becoming operational in 1954-55. The 
Hughes E-4 fire control radar and computer, used in 
the F-86D aircraft, was likely the last all-tube-
equipped radar system built, as well, designed in the 
same general time frame. Both of these used 
subminiature tubes wired directly into the circuit, 
with no sockets. Failed tubes were dealt with on the 
flight line by replacement of plug-in modules, which, 
when found defective, were either scrapped or sent to 
depot maintenance for repairs, including tube 
replacement. 

In Europe, tube developers were bewildered by the 
huge variety of American tubes being sold in 
response to the surging TV and auto radio markets, 
many of which were redundant, with performance 
variations between different types often far less than 
the variations among samples of a given tube type. In 
Europe, especially in the UK, tube manufacturers had 
been in the practice of generating complete families 
of tubes in each manufacturers' line, and continued 
this practice, often duplicating other 
manufacturers' (or competing American) tube types, 
often yielding different type nomenclatures (and even 
different base designs) for different brands. In the 
US, the same practice was followed, albeit with 
purportedly central control exercised by RMA, and 
then RTMA. 

Automobile radios got special treatment during the 
early post-war years. The largest sources of failures 
in car radios in the past had been in power supply 
components, especially the "buffer" capacitors and 
vibrators. In addition, many power supply designs 
were inefficient, leading to dead car batteries during a 
long evening of popular music listening under the 
stars. Transistors were coming, but still had problems 
with heat-generated runaway, limited power-handling 
capability, and poor high-frequency response, at a 
time when FM was rising as the preferred mode of 
music broadcasting, and FM was being moved to yet 
higher frequencies [2]. When automotive prime 
power (the battery) transitioned from a non-
standardized (positive or negative connected to 
chassis) 6 volts to a standardized (negative to chassis) 
12 volts, several complete lines of tubes were 
developed by Sylvania, Raytheon, and RCA in which 

the B+ supply was intended to be 12-15 volts, sort of 
like deForest's original audions. These 12-volt tubes 
came in two types, ordinary (but with closely-packed 
element spacing) and "space-charge-grid" designs. 
In the latter a new grid, located next to the cathode 
and connected to the +12-volt supply, served to 
accelerate the cloud of nascent electrons that gathered 
near the cathode, away toward the plate, whose 
pitifully low positive voltage was insufficient in itself 
to produce reasonable plate current-per-unit-control-
grid-voltage (Gm). 

Finally, automobile radios became hybridized, using 
germanium transistors as audio amplifiers, and the 
same transistors as switching devices in the power 
supply, replacing the mechanical vibrator. Selenium, 
then germanium (and finally, silicon) diodes became 
the standards for rectifying the B+ for those front-end 
(RF and IF) tubes still in the radio. And these tubes 
were conventional, but featured, in many cases, 
multiple stages in a single envelope, driving 

(Continued on page 4) 
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(Continued from page 3) 
downward the cost of manufacture and upward the 
cost of tube replacement, at a time when this design 
was to be short-lived, anyway. Transistors and ICs 
were coming. 

As we discussed in earlier parts of this series, several 
researchers in the US, Germany, and other countries, 
had experimented with the concept of tubes using 
electron optics as the geometry of electron flow in 
the tube, rather than the then-standard space-charge 
manipulation method. GE's Albert Hull had early 
determined that the high voltage existing between 
elements in the usual vacuum tube produced high 
energy electrons (those moving at high speed), and 
these, in turn, knocked off positive ions when they 
struck the few gas molecules or other components 
inside the tube, such as the mica spacers, wire leads, 
glass, itself, or the getter deposit. If these positive 
ions also achieved high energy (such as when they 
became multiply-ionized (more than one orbital 
electron knocked off), or subjected to high voltage 
fields in the tube, or both, they could strike the 
cathode with enough momentum to destroy the 
emitting surface, severely shortening the life of the 
tube. DeForest's dreaded "blue haze," the soft blue 
glow between the tube elements, would have 
destroyed, very quickly, any but plain metal cathodes, 
such as the efficient thoriated or oxide-coated types 
developed later. About 22-24 volts was sufficient 
between electrodes to develop the energetic electrons 
creating the positive ions. 

The development of a dense cloud of electrons near 
the cathode served not only the purpose of 
establishing a source of electrons to be modulated by 
the control grid in making the tube function properly, 
but also the purpose of insulating the delicate cathode 
surface from these energetic ions. They hit the cloud 
of electrons and were de-ionized there. But this 
space charge, as it was termed, had detrimental 
effects, as well. First, it was composed of electrons 
milling about aimlessly, which electrons had to be 
organized and sent off to the plate or other "sink" 
electrode, and since the initial electron velocity was 
random (the meandering electrons in the space charge 
were moving randomly), the journey to the sink 
electrode took a random length of time, reducing the 
high-frequency signal capability of the tube. Only in 
special tubes developed for the highest frequencies, 
like traveling-wave tubes, klystrons, magnetrons, and 
the like, could the electron transit time be 
reorganized, by magnetic and electrostatic fields and 

Valentin Avdeev (1915-1972) 

Picture courtesy of Dmitri Faguet. 

resonant cavities, to produce the extremely high 
frequency effects needed for such applications as 
radar. 

The space charge was also inefficient. It required an 
excess of electron production to maintain it, and most 
of the electrons there found their way back to the 
cathode, only to be released again by the heated 
oxide there, these electrons, requiring electrical 
heating to perpetuate this process, taking no part in 
the signal amplification or manipulation assigned that 
stage of the radio (or other electronic) circuit. The 
early experimenters had a hint of this in their 
experiments, as we saw in part 2 of this series, when 
RCA's Thompson noted that when he squeezed the 
electrons into a sheet-shaped beam, only those from a 
thin line down the cylindrical cathode took part in the 
beam formation, while other electrons near the 
cathode were diverted away. Why generate these 
electrons outside the thin line at all? 

Valentin Avdeev, in Russia, who had spent six months 
at RCA's laboratories and at the tube plant in 
Harrison, NJ, in the first half of 1941, became an 
important experimenter and electronics scientist in 
his home country (Belarus) after the war, and found 
[3] that sheet-beam formation could reduce electron 
transit time even at low anode voltages, could allow 
thinning of the cathode (to a fine ribbon or wire), and 
simplify the geometry of the tube. These effects, in 
combination, could eliminate the ill effects of gas ion 

(Continued on page 5) 
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Typical rod tube, upper one having envelope re-
moved. Cross-section layout shown lower right. 
Illustrations courtesy Joe Sousa. 

(Continued from page 4) 

development, increase the rated operating frequency 
of the tube, reduce its size, and improve its efficiency. 
At the same time, development of a line of tubes 
having this new linear geometry (a cluster of rod-
shaped elements) would allow an acceptable delay in 
the development of solid-state devices for similar 
applications, a delay that was justified by several 
effects of Soviet policy [4]. 

Avdeev's rod-electrode tubes all had similar 
geometries, in the general sense. All had a central 
filamentary cathode, often very thin, and always 
oxide-coated or impregnated, for efficiency. On 
opposite sides of this filament, and parallel to it, were 
two control-grid rods. A negative voltage applied to 
these control rods focused the electrons boiled out of 
the filament into two sheets that squirted out in two 
opposite directions at right angles to the plane of the 
filament and control rods. Anode rods or thin plates 
were located well away from the filament in two 
places where these beams shot, intercepting the 
electron beams. To speed up the beams, further 
sharpen them, and prevent secondary electrons (from 
the anodes or plates) from upsetting the tube function 
[5], pairs of "screen-grid" rods and "suppressor-grid" 
rods were added in most designs. We put these terms 
in quotes, above, just because these rods function as 

screen grid and suppressor grid in ordinary pentodes, 
but are not grid-shaped at all. 

The result was a series of subminiature tubes that 
have remarkable characteristics. Some have separate 
lead-in wires connected to the two control-grid rods, 
hinting that these two rods might be fed differing 
signals which would be mixed together in their net 
effect on plate or anode current, or on their ability to 
switch the current from anode to screen grid, as in the 
dual control pentodes we studied earlier, like the 
6AS6. Others have the control-grid rods tied together 
inside the tube; these types will be found to exhibit 
fairly sharp cutoff characteristics. All rod-electrode 
tubes have very thin filamentary cathodes, running at 
1.2 volts or 2.4 volts, center-tapped, at currents as 
low as 15 mA, but many operate at 30 to 60 mA. 

Joe Sousa's friend and collaborator, Dmitri Faguet, is 
writing a history of these rod-electrode tubes, and has 

Dmitri Faguet's R-350M GRU/KGB radio, using rod 
tubes. This dates from the 1960-1980 period. 

kindly allowed me to use some of his material in this 
article, such as photos and information on some of 
his own collection of rod-electrode tube artifacts. 
These tubes were developed in secrecy for the 
military, in several laboratories in Belarus, including 
the well-known "Red October" plant at Orshansk. 
This is the plant that designed much of the electronics 
for the Buran (USSR version of the Shuttle) program, 
and the receivers for the USSR Over-the-Horizon 
radar. The first official use of these tubes was to be 
in the new R-126 field transceiver, replacing the R-
116 which used conventional miniature tubes. The R 

(Continued on page 6) 
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(Continued from page 5) 
-126 was powered by a 
rechargeable silver- zinc 
battery, and is claimed to have 
solid silver wire in the tank 
coils of the transmitter section. 
It does, in fact, use solid-state 
components — two germanium 
power transistors that chop the 
battery voltage for production 
of the B+ voltage string. 
These two transistors are very 
similar to the early output 
transistor pair used in US 
automotive hybrid radios of 
the late 1950s and 1960s. The 
R-126 ran into difficulties 
because of understandable 
delays in tube production, and 
at the time the transceiver was 
essentially completed, at least 
on paper, only prototype tubes 
were available. These were pressed into emergency 
service on a different project of national importance, 
as we will see in a moment. Other rod-electrode tube 
equipped radios designed at this plant included the 
GRU/KGB portable radio R-350M and the military 
search-and-rescue (SAR) aircrew radio R-855U, 
functionally identical to its counterparts all over the 
world, except that it runs longer on a battery charge, 
owing to the high efficiency of these tubes. 

Sousa's bench setup of the 6AX5 full-
wave rectifier hooked up as a Gamma-
tron. Photo by Joe Sousa. 

Joe Sousa had been experimenting for several years 
with the old Heintz-and-Kaufman concept of the 
Gammatron [6] tube. In this tube, it will be recalled, 
there was no real control grid, but, instead, two anode 
-like plates, usually on opposite sides of the cathode. 
One of the anode plates was called the gamma plate, 
and signals impressed on this gamma plate affected 
electron flow to the other plate on account of the 
same electron-optic principles that allow focusing 
and steering of electron beams in the CRTs in 
oscilloscopes or older TVs. Joe had even got some 
remarkably simple tubes, like the 6AX5 full-wave 
rectifier, to work in a Gammatron mode. Like Heintz 
and Kaufman's Gammatrons, the 6AX5 had very low 
Mu, but could be made to oscillate and produce 
power by stepping up the output voltage by means of 
a transformer. Joe then experimented with one of the 
Russian rod-electrode tubes that had separate 
connections to the two control-grid rods, a 1 zh37b, 
and obtained, after some intense measurements of 
characteristics, very stable and satisfactory results as 
a low-power transmitter or oscillator. These 

experiments followed his usual 
measurements of the characteristics 
of many rod-element tube types 
made available through eBay 
purchases, mostly direct from ex-
Soviet-bloc sellers. 

Joe had concluded that these tubes 
can be designed into circuits that 
run on low B+ voltages, often as 
low as 9 volts, but can be very 
easily operated conventionally at 
higher voltages, with remarkable 
performance. Their upper 
frequency operating limits seem to 
be about twice or three times the 
frequencies of similar-sized US 
subminiature tubes (or specifically-
designed UHF tubes like acorn 
types). This means they can easily 
fit into UHF applications, where 

their efficiencies approach those of transistors. As 
noted above, filament voltages of all the Russian rod-
element tubes are either 1.25 volts or twice that, 
always center-tapped in the latter case. This means 
they can have filament power taken from a 
rechargeable NiCad or similar cell, and as we noted 
above, the plate supply can be another 9- to 24-volkt 
battery. A first Russian application of rod-electrode 
tubes, using prototypes that had been designed for 
military applications, was the transmitter for Sputnik 
1, the world's first artificial satellite. This satellite 
transmitter, which produced a watt or two of power 
on each of two frequencies (20 MHz and 40 MHz), 
and transmitted for several weeks on the power 
delivered from a silver-zinc battery, with no solar-
panel recharging, was launched in the autumn of 
1957. In honor of this first application of rod-
electrode tube technology, Joe has developed a 
complete radio receiver of rod tubes, which he calls 
Sputnik. 

Joe's Sputnik receiver uses 8 of the Russian rod-
element tubes, all running on 9 Vdc for B+, and three 
of the tubes running in the Gammatron mode. The 
radio is a superhet, and the local oscillator (LO) uses 
a 1 zh37b as a Gammatron oscillator. These 
Gammatrons have, as noted above, low Mu, and so 
the LO requires a remarkable step-up transformer to 
get sufficient grid excitation to oscillate. Fortunately, 
the "gamma plate" grid rod has such high input 
impedance that the net grid current in this oscillator is 
measured in sub-microamperes, so the "grid leak" 
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resistance is 22 Megohms. Since Joe's 
design called for some voltages higher than 
9 Vdc, and since the current drain at these 
higher voltages was microscopic, he 
decided to use the local oscillator as an a-c 
power source, rectify it, and thereby get his 
needed +22 or +30 volts(!!!). This is 
similar to the method used in tube-type 
television receivers where the circuit called 
for "B+ boost," a NI B+ voltage about twice 
what was routinely available in the set. 
The audio output stage of Joe's radio also 
uses 1 zh37b tubes in push-pull Gammatron 
configuration, just for the novelty of it 
(there has certainly never been any other 
Gammatron-mode output stage in the 
history of commercial radios) 
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This radio is first-class — it has an RF amplifier stage 
(1 zh37b) that has two separate inputs for its two 

separate control-grid rods: both receive RF signals 
from the antenna tuned circuit, but one also gets full 
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(Continued from page 7) 
AVC voltage, and the other gets a separate (reduced) 
AVC voltage that is adjusted for best dynamic range 
[7]. A tetrode-connected lzhl7b tube, having a single 
connection to the two control-grid rods, is a mixer 
stage, with screen-grid rod injection of the LO signal. 
The LO we have already marveled over, being a 
lzh37b Gammatron that produces about 57 volts peak 
-to-peak for the mixer stage, and about 30 d-c volts 
for use by other stages' screen-grid rods. Another 
lzh37b dual-control grid tube is the IF amplifier, with 
dual AVC inputs to the two grid rods, as in the RF 
amplifier stage noted above. Good old fashioned 
1N34 germanium diodes are used for IF signal 
detectors, providing push-pull audio outputs. These 
feed a push-pull (two lzh24b) tetrode stage of audio 
amplification, which drives the push-pull ( 1 zh37b s) 
Gammatron output stage. 

This author thinks this radio design is most 
remarkable for its innovation in circuits, calling to 
mind developments by Heintz and Kaufman, 
Hazeltine, Wheeler, Armstrong, Rice, and a host of 
other pioneers, plus Sousa's own innovations. If there 
is an AWA Houck award for historical radio concept 
restoration and innovation, this is a prime candidate 
for such an award. Throughout the development of 
this Sputnik radio, Joe received considerable critique 
from this author, from experts like Dmitri Faguet and 
Emilio Ciardiello, Radiomuseum.org staff, and others, 
but he persisted, and developed it anyway. If the 
readers of this journal want to offer further 
suggestions to Joe, or ask him questions about 
Sputnik [8], his e-mail address is firmsousa(at) 
comcast.net, but replace (at) with e. 

References: 
[1] A surprising example is the comparison of two 
over-the-horizon radar transmitters, operating in the 5 
-30 MHz frequency range. Each complete all-
vacuum-tube USAF AN/FPS-118 transmitter operated 
at 1 Megawatt average output power level, with an 
overall efficiency of 37 percent. The all-solid-state 
Navy AN/TPS-72 transmitter ran at 225 kW average 
power level, at 22 percent overall efficiency. The 
difference was in the final amplifier stages. The 
USAF transmitter had 12 individual Eimac tetrodes 
feeding its array antenna, while the Navy transmitter 
had hundreds of bipolar transistors feeding its 16-
element antenna array through nearly a hundred 
hybrid transformers. 
[2] Lyon, Ed, "The Struggle for FM," Radio Age, 30, 
5, pages 1 ff., January 2005. 

[3] Avdeev's professional career is shrouded in Cold 
War secrecy, and it is not known whether he became 
aware of RCA's early research into rod-electrode-
implemented electron optics work (by Thompson) 
during his stay in America. Since many Russian 
scientist-visitors of that period were, in fact, seeking 
intelligence into US military-industrial capabilities 
during their tours here, it is possible he became 
initiated into the rod-electrode line of thought 
through this visit. The results of his research 
departed markedly from RCA's, though, and the 
development of Russian rod tubes must be fully 
credited to him and his staff. 
[4] One tenet of then-Soviet policy was that knowing 
that a tremendously expensive effort into solid state 
and integrated circuits was underway in the West, the 
Soviets could bypass much of this development and 
buy or steal it later, at a tremendous cost saving. This 
would allow diversion into areas (tubes) not 
adversely affected by such battlefield conditions as 
electromagnetic pulse effects (EMP) resulting from 
the use of tactical and strategic nuclear weapons. 
Vacuum tubes are far less affected than solid state 
electronics by fatal EMP damage. It is apparent that 
the Soviets paid heed to the electromagnetic effects 
of nuclear weapons in the battlefield far more than 
did the West, and probably for good reason. 
[5] Secondary emission from the plate, caused by 
energetic impact of electrons on the plate surface, can 
be attracted to the screen grid, causing a reversal in 
the plate current-plate voltage characteristic curve. 
This negative resistance causes connected tuned 
circuits, for example, to become unstable. 
[6] See the first two parts of this series, Radio Age, 
January 2011 and March 2011, for how the 
Gammatron was developed. 
[7] This is an ideal application of the discovery by 
Joe that the individual control-grid rods exhibit 
remote cutoff characteristics, but that when tied 
together, they combine to exhibit sharp cutoff. 
[8] Joe will exhibit his Sputnik receiver and his 
pristine Soviet Army R-126 field transceiver at 
RadioActivity 2011, in the symposium on this 
subject, Friday, June 3, at 1:00 p.m. Experimenters 
will be able to obtain some example Soviet rod tubes 
along with high-resolution Sputnik schematics and 
technical characteristics at that symposium. 
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THE W IDE-SHADOW-ANGLE MYSTERY-SOLVED! 
BY ED LYON 

WITH CONSIDERABLE HELP FROM AN INTERNATIONAL 6X6G COALITION 
(Lud Sibley, Joe Sousa, Jacob Roschi, Lea Barker, Gordon Rabjohn, Howard Mariotti, Jim 

Cross, and Roy Johnson 
Nothing sells a late-30s walnut-finish tombstone better than a carefully finished cabinet and a bright working tuning eye 
tube in the dial area. Many American sets of that period used some variant of the 6E5I6G5 family of fluorescent-screen 
round eye tubes, but a now-rare type, 6X6G, makes the 6E5 sort seem kinda lame. This piece chronicles a journey that 
started when this author decided to peruse a Rogers-Majestic-DeForest factory service manual covering sets of that period, 
as a way of bracing for RadioActivity-2011's expected showing of DeForest artifacts and radios. These radios used the 
Rogers 6X6G tuning indicator tube. 

COLLECTORS who run 
across Canadian Rogers, 
Majestic, and DeForest 

radios of the 1936-40 period usu-
ally become frustrated upon learn-
ing the tuning eye tube is either 
weak, inoperative, missing, or 
replaced by a substitute type, be-
cause it should be a Rogers type 
6X6G, which is quite scarce. 
Those lucky collectors who have 
such radios with completely op-
erative 6X6G tubes installed are 
gratified, after finishing the elec-
tronics restoration of the set, to 
find the shadow angle of the tube 
spans a terrific area, from com-
pletely closed to fully 180-degrees 
open. Contrast this with the usual 
6E5/6G5/6U5 eye tube found in 
most US radios of the period, whose shadow angle spans 
from closed to about 80-degrees' worth. How did the 6X6 
get the extra-wide shadow span? 

We explored this same subject back in a January 2003 Ra-
dio Age article on wide-shadow-angle tuning eye behavior 
[1]. Lud Sibley also noted the 6X6G wide angle shadow 
capability in The Tube Collector in the April 2000 issue, 
and remarked that the 6X6G tube data, as described in his 
main reference material (Brans' Vade Mecum, ARRL 
Handbooks, and Babani's International Radio Tube Ency-
clopedia) seemed to be in error, having neither the correct 
pinout nor schematic diagram, when compared with sche-
matic data in Rogers-Majestic-DeForest factory service 
manuals. 

The 2003 Radio Age article explained how, according to a 
1938 magazine squib [2], an RCA engineer was able to 
modify a standard 6E5 tuning indicator circuit to get the 
180-degree shadow angle by adding a triode tube. In re-
searching that article I had hooked up a 6E5 with a sepa-
rate driver tube on the bench and obtained and photo-
graphed the wide shadow angle sought. The Rogers 6X6G 

emerged not long before or after the 
original 1937 RCA Review article. 

Joe Sousa has also examined the 
6X6 and 6E5 circuits, and added a 
significant database of eye tube 
"gains," or shadow angles versus 
grid input, so the experimenter or 
repair-person can select the right 
tube, and/or adjust the applied volt-
age range to get best shadow span, 
under the usual conditions of a 
standard narrow-angle tube. Joe 
explains the 6E5-6X6G difference: 
In both tubes, there is a triode am-
plifier stage whose plate has a de-
flection tab projecting between a 
cathode and a round conical phos-
phor-coated target electrode. The 
cathode, plate-connected deflection 

tab, and target electrode comprise the indicator stage of the 
tube. In the 6E5, both stages share a common cathode; 
indeed, it is simply extended upward through the triode 
and into the indicator portion of the tube, and in most cir-
cuits where the 6E5 is used, this cathode is grounded to B-. 
In the 6X6G, the cathodes for the two stages are separate, 
each having its own pinout, and in practice, the triode am-
plifier stage cathode is usually grounded to B- while the 
indicator cathode is fixed at about 35 to 55 volts above 
ground or B-. 

In tuning indicator circuits, the grid of the triode section is 
usually connected to the AVC voltage bus. If a station is 
NOT tuned in, this voltage is very low, nearly zero volts, 
and so the triode conducts heavily, dragging its plate down 
to a relatively low voltage (it usually has a 1-Meg plate 
load resistor), opening the shadow angle. In the 6E5, the 
lowest plate voltage attained is not sufficiently close to 
zero (the cathode voltage) to open the shadow more than 
about 80-90 degrees. In the 6X6G, with the indicator cath-
ode tied to a source of about -1-40 volts, this same dragged-
down plate voltage in the triode section is close to the indi-
cator cathode voltage and the deflector (attached to the 

(Continued on page I I) 
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RADÍO AGE reader Wally 
Anderson writes that our 

recent articles that described 

cathode follower circuits reminded him 

that many years ago, his ex-boss, a 

fellow named Howard Daniels, had 

invented a clever cathode follower 

circuit. His assignment was to devise a 

measurement probe that offered essentially zero 

capacitance to the circuit being measured. Daniels 
obtained some double-shielded wire, that is, a central 

insulated wire surrounded by a braided metal shield, 

then more insulation, and finally another outer braided 

metal shield. The central wire became the probe, used 

to connect to any such delicate circuit. The other end 

of the central wire went to the grid of a triode cathode 

-follower-connected tube and its cathode was wired to 

the inner braid layer of the wire. The outer braid was 

the usual grounded shield. This way, the central wire, 

carrying the measured circuit voltage, was surrounded 

by a shield that had nearly the same voltage on it as 

the central wire. This, in effect, reduced the 

capacitance of the measurement probe cable or wiring 

If the double-shielded cable Daniels used had 

approximately the same thickness dimensions of, say, 

RG-58 co-ax cable, and was, say, 3 feet in length, it 

would normally offer about 90 pF of capacitance to 

the circuit under test. With a cathode follower with a 

gain of 0.9, however, this capacitance would reduce to 

about 9 pF, and with a better triode giving a cathode 

follower gain of 0.97, the net effective probe 

capacitance would be less than 1 pF. By making the 

cathode follower out of a pentode, with its screen 

tightly coupled to its cathode, the net effective 

capacitance could be cut yet further. The inner shield 

would eventually be called the "guard" electrode in 

the measurements industry, and would be extended to 

applications on printed circuit boards, where a 

sensitive circuit point would be surrounded by a 

copper ring or patch, insulated from it and from other 

circuits, and tied to the cathode of a cathode follower 

whose grid was connected to the sensitive circuit 

point, itself. The net effect was a dramatic 

improvement in circuit isolation and a reduction in 

circuit board leakage. 

J
OE Sousa has found a slew of typographical and 
editorial errors in the March issue's article on 

Tube Topix. He notes them as follows: 

"Page 8, column 1, 3rd paragraph: " In 1934 again in 

1936 an inventor in New York, Henri Dalpayrat, filed 

patent applications [5], assigned to RCA...." - reference 

[5] refers to Shade's patent, not Dalpayrat's, which 

should be 2156650 from 1934 and 2171490 from 

1936. 

"Page 8, column 1, 3rd paragraph: "... Schade 

patented a rod electrode tube construction [6]..." - the 

reference should be [5]. 

"There a couple of errors within reference [7]. The 

1j29b has two 1.2V filaments with a common tap that 

draw 2x60mA. The 1j37b draws 60mA. The very 

common low power tube is the 1j24b, which draws 

13mA. The 1j37b and 1j42b are both triple control 

mixers with the two control grid rods brought out 

separately, but they differ in filament power, with the 

1j37b drawing 4x the power of the 1j42b. The 1j37b is 

very common on Ebay, while the 1j42b has never been 

seen there. 

"Page 9, column 1, 1st paragraph: "...Joe discovered 

with a sample tube, a 1j17." The correct tube with the 

separate control rods is the 1j37b." )1( )1( )1( 

D
EFOREST, topic for RadioActivity-2011, was 

a curious character. He secured a patent 

(1134594) for what turns out to be an a-c 

generator, already invented. DeForest's contorted 

patent claim was: 

In an apparatus for amplifying feeble 
electric currents or current impulses, a 
transformer hating its primary coil in cir-
cuit with the source of current to be ampli-
fied, its. secondary coil connected with the 
primary of a second transformer, the sec-
ondary of the second transformer connected 
with a signal indicating devioe, and a con-
ductor disposed with relation to both of said 
transformers to cut the magnetic lines of 
force thereof, and means for relatively mov-
ing said conductor transversely to the mag-
netic lines of force. 
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(Continued from page 9) 
triode plate, as in the 6E5) [3] repels more of the cathode's 
electrons away from the target (which in both tubes is tied 
to B+), allowing the shadow to expand to as much as 180 
degrees. 

When the 6X6G caught Sibley's and this author's atten-
tion, it was this separate cathode connection that was puz-
zling. The usual references for tubes of the world were, at 
the time, Brans' Vade Mecum, which was published regu-
larly before WW2, and several times afterward, and Ba-
bani's International Radio Tube Encyclopedia, a large 
manual that covers every tube made worldwide, except 
military secret types of tubes. Both of these references 
listed the 6X6 as American or Canadian, but showed its 
base connections and its internal schematic as correspond-
ing to a 6E5, but octal-based like the later 1619, a WW2 
RCA development for the military. Sibley's (and my) pub-
lished articles sought to get the record changed so that the 
correct tube internal and base connections would be avail-
able for the collector. 

Then I noticed that Radiomuseum.org, one of the world's 
best resources for radio collector information, also listed 
the 6X6 tube as being virtually the same as the 6E5, except 
for the octal base, and the thought occurred that this was a 
resource that at least could be updated, unlike Brans' or 
Babani. Joe Sousa offered to send Radiomuseum.org an 
update, and we were all surprised to receive from Jacob 
Roschi, a Radiomuseum.org moderator, a further update 
noting that the particular 6X6 whose photo is shown in 
Radiomuseum.org, appears with a red-painted finish, and 
is actually a British tube made by Haltron. It is, indeed, a 
6E5 variant with an octal base. The Canadian 6X6G by 
Rogers was apparently unknown to Radiomuseum.org, 
whose. data also notes that the Haltron 6X6 has no pin 6 at 
all, making this connection to any separate cathode a moot 
point. Roschi also noted that the Haltron 6X6 was labeled 
as a "tube," not a "valve," indicating it was likely either 
made in or for the North American market. 

But for what radio? Clearly, the Rogers radio service data 
shows the 6X6G in their radios as being a two-cathode, 
wide angle indicator, but this Haltron example is just as 
clearly a simple 6E5, octal-based. Then Lud Sibley found 
more mysterious data. He located some Radio Manufac-
turers' Association (RMA) letters one of which announced 
some new tubes from Rogers, as of April 1937. Three 
tubes are listed and described: a 6S5, a 6X6G, and a 2X3. 
The 6S5 is the same as the 6E5 or perhaps less sharp in 
cutoff, maybe like a 6U5. It is also a 6-pin-based tube, like 
the 6U5 or 6E5. The 6X6G is listed as a single-cathode, 
6E5-type of tube, but octal based, and with no connection 
to pin 6, just like the Haltron tube in Radiomuseum.org. 
But, a second RMA letter, dated June 1937, advises that 
Rogers has revised the 6X6G to be a two-cathode tube, 
with the second cathode serving only the cathode-ray 

(indicator) portion of the tube, and this second cathode is 
connected to pin 6 of the octal base. Aha! We then 
thought that Halton, planning to be the after-market sup-
plier of replacements, froze its design while the initial 
Rogers design was in effect, and failed to revise it when 
the Rogers design changed. Curiously, the Haltron 6X6 
tube, with its single cathode and absence of a pin 6, will 
work in any of the Rogers-Majestic-DeForest radios made 
to accept the Rogers 6X6G, but the shadow angle will be 
limited to whatever one could get with a 6E5. So, perhaps 
the Haltron tube manufacturer started out with an after-
market replacement for the April 1937 version of the 
Rogers 6X6G, and deliberately declined to update the de-
sign to meet the June 1937 variant, since his tube worked 
in both applications. 
Lud Sibley and Jim Cross found that there were two RCA 
Tube Application Notes [4] that pertained to achievement 
of wide-angle shadows in a 6E5, obtained through the use 
of an auxiliary triode. These notes emerged in 1936 and 
1938, and one was likely the source of the RCA Review 
article. 

So perhaps the time line went like this: In 1936 RCA dis-
covers a way to get a wide shadow angle from a standard 
6E5, and publishes it, then issues a tube Application Note 
in early 1937. Rogers, always anxious to devise unusual 
versions of common tubes, announces a "new" 6X6G, ba-
sically a 6E5 with octal base, in April 1937 [5]. In June 
1937, Rogers revises the 6X6G to bring out a separate con-

(Continued on page 12) 

Wanted: 
Electronic Cleanouts 
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Collections, contents, attic, 
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Call Alan Feinstein 
(MAARC member) 

Please call 
(410) 740-5222 or 
240-478-1100 
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(Continued from page 11) 
nection to the upper (display) section of the tube. He pro-
ceeds to make such tubes for his radios. Haltron (and pos-
sibly others) began making replacement tubes for the North 
American trade, and their 6X6G conforms to Rogers' early 
version of the 6X6G, similar to the 6E5 with octal base. 
Meantime, perhaps no after-market replacements for the 
two-cathode Rogers 6X6G were ever made. 

Not yet realizing that point, and thinking that Rogers 6X6s 
must be commonplace in Canada, I asked the Ottawa Vin-
tage Radio Club (OVRC) president, Lea Barker, if there 
was any first-hand experience his members might have 
with the 6X6G as used in Rogers radios. Also requested 
were any available photos of the indicator in operation, 
showing shadow angle spans, and pictures of the tube, it-
self. We wanted the records to show that there really was 
such a tube, and what it was like. Lea kindly brought it up 
at the next OVRC meeting, to find that precious few mem-
bers have any working Rogers 6X6Gs. But one was found, 
and OVRC member Gordon Rabjohn agreed to photograph 
it and its screen when operating. 

Gord was disappointed to find the tube inoperative. Closer 
investigation showed that the heater was good, both cath-
odes, arranged collinearly on the heater seemed to be glow-
ing, and the screen could be made to glow, and fairly 
brightly, but the triode was absolutely dead—no emission. 
Gord surmises that either the triode's cathode or grid con-
nection inside the tube is broken. Careful resoldering of 
the octal pins failed to make any difference, so the connec-
tion break must be inside the tube. Undeterred, Gord 
lashed up a way to see what the shadow angle would look 
like by connecting the triode plate (pin 3) to various volt-
ages, simulating its action if the triode part of this tube 
were operable. This plate is internally connected to the 
shadow-making vane. 

I say "vane" here, but when Gord sent me the pictures he 
had taken of the tube and its fluorescent screen when in 
this simulated operating condition, I was amazed to find I 
should have been saying "vanes," plural! The Rogers 
6X6G has two deflection vanes, one on each side of the 
round target screen, so that the total shadow angle achiev-
able is not — 180 degrees, but —360 degrees! In fact, this 
entire article except for these last several paragraphs, was 
written before I learned of the double vanes in the Rogers 
6X6G. I fully expected the Rogers tube to exhibit the same 
sort of display that I had got with the 6E5-plus-6F5 helper 
triode. Gord's pictures are shown on page 12. 

What a spectacular display this tube would make in a pe-
riod Rogers-built radio (or in a Zenith shutter-dial radio)! 
Of course, perhaps the Haltron 6X6, made to replace this 
spectacular Rogers tube, also sports twin deflection vanes, 
so that its display is semi-spectacular. I have never seen 
one in the flesh, let alone one working in a radio. 

References 

[1] Lyon, Ed, "Wide-Shadow-Angle Tuning Indicator 
Tubes," Radio Age, 28, 1, pp. 7-9, January 2003. 
[2] " 180-degree shadow angle for ray indicator tubes," 
Radio World, page 19, February 1938, reprinting an ear-
lier RCA Review article. 
[3] When this part of this article was written I didn't 
know the Rogers 6X6G had two beam-deflection vanes. 
[4] RCA Tube Application Notes 65 and 82; the 6E5 
wide-shadow-angle circuit later appeared in RCA's RC-
14 Tube Manual. 
[5] Of course, the early (April 1937) Rogers 6X6G might 
well have had two deflection vanes, and made a twin-90-
degree display, rather than a single shadow as in the 6E5. 

Gord Rabjohn's photos of the 6X6G screen with triode 
simulated at cutoff (left), triode plate at CRT cathode volt-
age (center), and 40 volts below cathode (right) 

Here is the whole Rogers 6X6G, with all eight of the 
octal base pins intact. 

Electron-beam control vanes 
- 4 

Display cathode Exposed heater Triode cathode 

Close-up of 6X6G, energized. The tubular cathode is 
distinctly divided into two collinear sections with some 
exposed heater bundle in between. The two vanes 
can be seen here, both tied to the triode plate. 
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THE AMERICANIZATION OF A DEFOREST 
BY ED LYON 

DeForest is the theme this year at RadioActivity 2011. We include both DeForest generations of radio equip-

ment in the theme, the early gear that generally used his audions, spade detectors, or crystal detectors, and the 

latter-day variety that included several radio models that exploited his name to try to sell more radios. This re-

pair article is about one of the latter. 

In the 1980s, I helped finance my radio collecting 
hobby by repairing radios for other collectors in the 
area. It also exposed me to the radios and electronic 
instruments others were collecting. One fellow from 
Frederick, MD had a goodly supply of mostly-
restored radios in an antique mall in downtown Fre-
derick, but one of the radios in a showcase there was 
a large table model labeled DeForest that was 
marked, "AS-IS — NOT WORKING." 

The mall manager remarked that he had a customer 
for the radio, if someone could get it working. It 
looked like a mid- or late- 1930s model — large-ish 
dial, three frequency bands, cabinet in very nice 
shape, good-sized speaker, about 8-inch, as I remem-
ber. I got the phone number of the vendor who 
rented the stall, and called him, asking why he didn't 
finish restoring the set for the probable customer. He 
replied that the radio was a #@%&&*# DeForest and 
he couldn't find any data on it, or even on some of 
the tubes for it. So he fixed some nicks in the cabinet 
and polished it, and then marked it AS-IS. I told him 
I might be able to get it working, if there were no 
major problems like power transformer or such, if he 
would let me take it home. He agreed, and promised 
to discount some other sets he had in the stall for me 
if I got it working. 

Once home, the DeForest sat on the bench while I 
searched my files for data, finding no information on 
the circuit in any of my piles of magazines and manu-
als. The radio had an octal-socketed tuning eye tube 
holder, with the tube missing, mounted behind the 
upper dial, and there was an empty octal socket next 
to the rectifier tube. I had an old tattered Brans' Vade 
Mecum tube manual, and gently leafed through it, 
looking for an eye tube that fit an octal socket. Of 
course I knew that the wartime RCA 1629 was such a 
tube, as I had tried to outfit a couple radios in the past 
with this readily-available tube, with poor luck. 
Problem was the 1629 required 12.6 volts for the 
heater, and this DeForest set definitely used 6.3-volt 
tubes, wired with their heaters in parallel, so there 
was no source of 12.6 volts here. I dismissed the 

1629 for another reason: it was invented in 1941, and 
this radio seemed older than that. 

I found just the tube in Brans' manual — the 6X6G, 
and its characteristics seemed to match those of the 
6E5 that I was familiar with. One problem was that 
the DeForest set had a wire running from pin 6 of the 
6X6G socket down into the chassis, cabled along 
with the other socket wires, and Brans called for no-
connection at that pin of the 6X6G. I began to won-
der if Brans' data were right, and if so, why the De-
Forest factory hadn't used the 6E5 if it and the 6X6G 
were essentially the same — the 6E5 was certainly 
more plentiful, even in the mid- to late- 1930s. Oh, 
well, maybe some more searching was needed. 

The empty socket next to the rectifier tube seemed to 
be wired up as another rectifier, since it had a wire 
running from the power transformer to pin 4, and its 
pins 2 and 8 were wired up with similar pins on the 
existing rectifier tube's socket. If the intended recti-
fier tubes were 5Y3s, their filaments would be tied to 
pins 2 and 8, and pin 4 would be one of the 5Y3 
plates. The existing rectifier also had a power trans-
former wire running to its pin 4. It looked like the 
radio was set up for two 5Y3s, but used only half of 
each one! Then I saw that the filament connections 
of the two sockets (pins 2 and 8) were wired in series, 
not parallel, so that both rectifier tubes would be re-
quired to get any B+ at all. The existing rectifier tube 
was then pulled from its socket and was found to be a 
2X3, not a 5Y3. Brans was again consulted, and it 
seems the 2X3 is exactly half of a 5Y3. So it ap-
peared that this radio was supposed to use two half-
5Y3s to do the rectification and a 6X6 for tuning in-
dication. I had none of these tubes in my stash, so I 
rewired one of the rectifier sockets temporarily so I 
could use a single 5Y3GT, and left the eye tube 
socket empty, since it had no function in making the 
radio play crudely, which is what I was trying to ac-
complish for the moment. The owner had recapped 
the set, at least in the electrolytic department and in 
the more obvious paper capacitor area, so I was bold 

(Continued on page 14) 
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(continued from page 13) 
enough to plug a new 5Y3 into the rewired rectifier 
socket and power up the radio. 

No sounds came out of the speaker except a slight 
hum. There was a 6F5GT near the output tube (a 
6F6G), and I touched the grid cap with my finger, 
getting a very loud burst of hum from the speaker. 
Well, the audio part seemed to work, at least. The 
tube next to the 6F5GT, though, seemed not to be 
glowing, but was quite warm, so I switched off the 
set and pulled that tube. It was whitish inside, indi-
cating a broken seal somewhere, and was air-filled, 
which explained the warmth, poor glow, and lack of 
radio operation. This tube must have been the sec-
ond detector, which feeds the volume control and 
audio stage (the 6F5GT). I couldn't read the tube 
type on that gassy tube I had pulled from the DeFor-
est, so I tried the trick of placing it in a petri dish with 
a drop or two of ethyl acetate in the dish, then cov-
ered the dish with an inverted beaker. After a minute 
or two, the faded nomenclature became barely visi-
ble; the tube was a type 86M. Its socket, another oc-
tal, was wired rather simply: pins 3, 7, and 8 were 
grounded, and pin 5 was connected to the last IF 
transformer's green lead. Normal design would have 
called for a diode tube here, like a 6H6, but not in a 
DeForest, apparently. Pin 2 was the heater connec-
tion, going to the 6.3-volt supply. This tube was 
wired like a 6J5 or 6C5 triode acting as a diode (with 
grid, pin 5, used as diode plate and the 6J5 plate act-
ing as a grounded shield surrounding everything.) In 
many earlier US radios, the type 76 triode was used 
as a second detector diode this way. 

So I nabbed a 6J5 from the tube stash and plugged it 
into the socket intended for the 86M, powered up 
again, and the radio began to operate normally. It had 
three bands: broadcast, "police," and shortwave, and 
used a long wire antenna for all bands. Some routine 
realignment sharpened the tuning for each of the 
bands, and a small dab of Dow-Corning 734 silicone 
cement fixed a small tear in the speaker cone. I like 
D-C 734 for this because it is "self-leveling," mean-
ing it becomes very low in viscosity, and is capable 
of forming a thin, continuous film on things like pa-
per speaker cones. 

I then tackled the tuning eye replacement. I did not 
know where I could ever find a 6X6 tube, so I finally 
replaced the octal 6X6 socket with a 6E5 six-pin 
socket, and left out the extra wire that had run from a 
voltage divider under the chassis to pin 6 of the for-

mer octal eye-tube socket. This voltage divider pro-
vided about 35 or 40 volts for the 6X6's pin 6, what-
ever that was connected to. The 6E5 tube I used for 
the tuning indicator in the DeForest worked fine with 
no additional modifications to the circuit needed. I 
didn't know what the voltage divider, and its elevated 
-voltage connection to pin 6 of the 6X6 was all about, 
so I ignored it and slipped a short piece of shrink-
spaghetti over the end of the wire from that divider 
running to the eye tube socket, leaving it in the cable, 
just in case some new owner finds the right eye tube. 

Bottom line is that the DeForest I restored for its 
owner to sell ended up with definite Americanization 
of the tube lineup: 6J5GT for the 86M, 5Y3 for the 
two 2X3s, and 6E5 for the 6X6. Other than that, it 
was restored to "original condition." 

Sequel: 

All this happened in 1987, and it wasn't until the mid 
1990s that I found and bought a service manual for 
Canadian Rogers, Majestic, and DeForest radios, and 
found in it several possible DeForest models that re-
sembled the one I had repaired. All had the 6X6G 
eye tube and two 2X3s, and it was then that I saw that 
there were two cathodes in the 6X6G, but I did not 
appreciate why that was significant, until I read the 
piece in Sibley's Tube Collector journal about the 
6X6, noted in a separate article in this current Radio 
Age issue. 

Today, if I were faced with restoration of that same 
DeForest radio, I would .... I would .... I would 
probably do the same thing — Americanize it. Those 
6X6Gs, 2X3s, and 86Ms are very hard to find. I also 
regret not having simply bought that AS-IS DeForest 
back in 1987, for then I could justify my search for 
those elusive Rogers tubes. 
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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-
2 6 2 8 . 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 

Wanted: Schematics and any 
other data for two Hickok mid-
30's signal generator models OS-
7 and 0S-8. Roger Asman. 15383 
Blue Skies Ct. West, Livonia, MI 
48154-1515. Phone 734-464-
0426. or rogerasman@aol.com 

Sale: Radio test equipment 
operating manuals for sale. 
Complete list available via email 
in pdf format of Hickok, RCA, 

Sencore, Accurate, Clough, 
Supreme, etc. Over 200 models of 
older test equipment. S. James 
Richards; macon109@gmail.com. 
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The R855U Soviet Search and Rescue transceiver, courtesy of 
Dmitri Faguet. Note blowup of Red October logo, above, right. 

RADIO VINTAGE RADIO 

DAZE & ELECTRONICS 
• 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 
• Grillecloth • Hardware • Kits • Knobs • Potentiometers • Power Cord 

• Power Plugs • Refinishing Supplies • Reproduction Dial Scales 
• Resistors Of All Kinds • Service Supplies • Sockets • Soldering Items 

111(. •  Speakers • Switches • Technical Data • Terminal Strips • Tools 
• Transformers - Classic Audio, Power, Filament, Isolation, etc. 
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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 
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Bruce Shetrone 
969 Shore Acres Rd 
Arnold. MD 21012-1724 

MA-#‘411C aur Celvlevecm-i 
Fri-Sat, May 13-14 

Sun., May 15 

Thur.-Sat., June 2-5 

Sun, July 17 

Sun, Aug 21 

Annual radio fleamarketing at Kutztown, PA. at Renninger's. 

MAARC meeting at the Davidsonville Family Recreation 
Center. P. 2 has map/directions. Tailgate at 11:30, meeting at 
1:30. Presentation: Steve Hansman: The Radiobar Co.". 

The BIG ONE. MAARC's RadioActivity-2011 meet, held as 
usual at the Sheraton-Washington-North located at Exit 29B, 
the corner of 1-95/495 and MD Rte 212, in Beltsville, MD. 
Flea-market starts at dawn, Friday, June 3, but registration 
and programs start Thursday evening, June 2. For details 
and registration form, see Blue centerfold insert in April and 
May issues of Radio Age. 

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

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

Hamfests galore: Check ARRL webpage for schedules, locations, contacts. 
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