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A WW2 ONE-TUBE RADIO FROM JAPAN 
BY ED LYON 

The Japanese armed forces had the misfortune, during the second world war of having to live with electronics 
systems, whether for communications or surveillance, that was dated no later than 1938 or 1939, owing to a na-

tional lack of engineering talent. It was not that the talent didn't exist, it was that the military draft was universal, 
and rarely, if ever, would a brilliant young engineer be draft-deferred or exempt because of his value to the tech-
nolokical indusiriei,' and the young engineer often found himself dragging a howitzer through a steaming island 

jungle. Modern electronics did exist, though, in small quantities, and mostly iat bases within Japan. 

C OLLECTING World War 2 electronics that 
originated in the Pacific Theater was once a 
very active part of the radio collecting 

hobby. The supply of undamaged specimens was 
never very great, for several reasons: first, much of 
the capture of Japanese and native equipment took 
place in tropical areas, and environmental damage 
was severe; second, it was far more difficult to return 
many "souvenirs" the great oceanic distances 
dictated by that Theater's geography. Nonetheless 
many GIs returning from the Pacific sold their booty 
to afford college costs, 'even though the tuition and 
textbook cost basics were covered by the "GI Bill." 
In 1950 I bought a good example of 
Japanese war-time military 
communications gear, a Model 94-5 
radio set from a fellow student, 
Jerry Dershaw. In 1945 Jerry had 
been a paratrooper who found the 
radio and some Japanese officer's 
weaponry at Clark Field in the 
Philippines in 1945 and sold me the 

radio to be able to afford real restaurant food, along 
with "3.2 beer." That watery stuff was the only 
beer that Ohio allowed to be sold on Sundays, and 
Sunday was the only day of the week that Jerry 
allowed himself off-campus, since he was a math 
major and had a 22-credit-hour-per-semester course 
load. So Jerry's thirst was my gain — I obtained a 
nice little WW2 Japanese army field radio set that 
was in fine condition, shown here in Fig. 1. It 
probably helped some that I also tutored him to help 
get him through "Physics Zero," one of the three 
science courses that was required even of Sociology 

maj ors. 

—_ 7"-

Figure 1. Type 94-5 Radio, in its 
aluminum and canvas case. 

A cursory examination of the 
radio got me thinking that it 
might transmit and receive, if I 
could get a tube for it, and if I 
ever figured out the meaning of 
the Kanji labeling on the set... 
When I got the radio 

(Continued on page 3) 
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MAARC MONTHLY MEETINGS. Most months MAARC 
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(Continued from page 1) 
"home" (the rooming house ofd campus where I lived 
throughout my college years) I opened up the case 
and found that there was one tube socket inside, as in 
Fig. 2, and it was vacant but labeled for a type 
UZ12C, whatever that was. I had also received from 
Jerry a flimsy tissue-paper hand-drawn schematic, 
presumably of the set, all in Japanese. I folded the 
paper up and put it inside the case, for the day when I 
would have the time to figure the schematic out and 
get a tube for the radio. I had noticed the letters F-P-
G-G-P-F on the six-contact tube socket, indicating 
that the tube should be a twin triode, and apparently 
had no "grid cap," which meant that the tube would 
physically resemble the old US type 19, a filamentary 
dual triode output amplifier made for battery sets. I 
stashed the radio away and it began 70 years of 
careful moving, along with furniture and belongings, 
through all our residences since that time, and I still 
haven't fired it up or done a detailed analysis until 
this past winter. It is not a transceiver, but closely 
resembles one, as we shall see in what follows. 

Back when I first got the set and lifted it out of its 
case, its use of a dual triode, plus the appearance of 
one or two telephone switchboard-type double-throw 
lever switches on its panel, convinced me that this 
must be a transceiver. But this notion was not really 
objective, biased somewhat by earlier events. I had 
built several little two-triode transceivers in my high 
school days, the easiest circuit being one triode for 
the super-regenerative detector stage plus an audio 
amplifier triode. This had also been a commonplace 
circuit type in many WW2 VHF and UHF "beacon" 
devices used by troops to identify a parachute drop 
zone for supplies or troops, for marking a landing 
spot, or just to mark their presence on a beach or 
jungle area. In these applications, the super-
regenerative detector acts as a receiver of 
interrogating pulses sent by an overhead aircraft. 
This stage feeds the pulses to an audio stage which 
checks the length or pattern of the pulses, and 
recognized pulses are then fed back to the super-
regenerative stage's bias circuit, which converts it to 
a pure oscillator for the length of a pulse (or a pattern 
of pulses) after which it reverts to super-regenerative 
reception. This short burst of oscillation is emitted 
from the set's antenna, which is then received aboard 
the interrogating aircraft, so that the operator there 
can mark his map with a notation that a cooperating 
troop is on the ground there. One such beacon is 
shown in Fig.3. 
In devising little mili-watt-sized transceivers using 

r 

-1) I Z 

Figure 2. The six-pin socket for the tube, a UZ12C. 

this same principle, the beauty part of the circuit is 
that to convert from receiving to transmitting, one 
simply stops the quenching of the oscillations of the 

super -
regenerative 
stage, letting it 
oscillate free-
ly, blocking its 
own reception. 
Switching the 
quenching off 
or on was very 
simple: the 
super-regen-
erative stage 
triode was 
fitted with a 
grid leak that 
was made up 
of a 100K 
resistor in 
series with a 2-

Meg resistor. The free end of the 100K resistor 
(Continued on page 4) 

Figure 3. A Signal Corps super-
regenerative Beacon. Antenna 
fits on top stud in glass disc. 

Ivy Tcvis Issue 

Japanese One-tube Radio by Ed Lyon 1 
Magnetron Controversy by Ed Lyon  6 
Tidbits  8 
Noise creeping up -Part 1, by Ed Lyon  13 
Classified Ads  15 
MAARC Your Calendar! 16 

Radio Age ♦ May 2019 RadioActivity-2019-June 27-29 page 3 



(Continued from page 3) 
went to the grid of the tube and the free end of the 2-
Meg resistor went to B+; then the junction of the 
two resistors was wired to a switch that shorted that 
point to ground (B-) for transmit, and left it float for 
receive, as shown in the crude sketch in Fig. 4. For 
a voice transceiver, to change from receiving to 
transmitting, one must also switch the audio from 
feeding the headphone to being fed by the 
headphone, used as a microphone. The audio output 
(plate of the audio tube) was simultaneously 
switched from feeding the headphone (receive 
mode) to modulating the plate supply of the super-
regenerative stage, now freely oscillating (transmit 
mode). Although it sounds like a lot of switching is 
required for changing the circuit over from receiving 
to transmitting (or vice-versa), back in high school 
radio experimenting days we had that covered as 
well. We would harvest junk telephone 
switchboards, which were almost free on the surplus 
market, for a supply of multi-circuit lever switches, 
which are dandy for switching several components 
(like transformers, capacitors and resistors) all at 
once, between two different circuits. Fig. 5 shows 
one of the two such switches on the Japanese Model 
94-5 transmitter. 

Most of us who dabbled in radio as teen-agers 
built such two-triode transceivers, and found 
someone who lived nearby whom we could interest 
in talking to each other with two of the little sets, 
which, with a short wire antenna could reach 
perhaps 300 to 500 feet in range, indicating a power 
output in the tens of mill watts range. Mine usually 
used acorn tubes with a heavy 3-turn copper coil for 
the grid and plate tank circuit, making it resonate at 
well over a hundred MHz At that time the spectrum 
above the shortwave bands was very quiet. The 
main electronics supply store in Pittsburgh, the big 
city near our home in high-school days was 
Cameradio, and in the post war period they gave 
away small military surplus electronic parts, like 
type 955 acorn tubes, if you bought parts totaling 5 
dollars or more. So, toward the end of our farm's 
harvest season when my finances were healthy, I 
would browse through Cameradio's latest flyer, mail 
them an order for six to ten dollars worth of stuff 
(mainly transformers, tubes, and tube sockets), 
paying with a postal money order for the total due 
(including postage), and they would send the stuff 
and two or three tubes, usually acorn or odd military 
surplus miniature tubes, like 1L4s. The 955 worked 
quite well in the transceivers, much better than the 

1.5-volt battery-
operated type 957 
or 958, even 
though it meant 
ganging up more 
flashlight batteries 
to make up the 
needed 6 volts A-
supply. 

So, with that 
background I had 
convinced myself 
that with the dual 
triode, coils that 
look like they might operate in the high end of the 
shortwave band or perhaps VHF, and the numerous 
circuits switched simultaneously by the switchboard 
lever switches, that I had a transceiver here, but 
digging into the circuit with trusty ohm-meter, pencil 
and paper, convinced me that there was no 
connection between the audio components (tube 
anode, iron-core choke, and transformer) and the 
headphone jacks, so it probably didn't receive. 
Doing some rough translation of the front panel 
labels (see Fig. 6) while checking how the controls 
worked was the next step. I remembered taking a 
picture of the set's front panel quite some time ago, 
so that I might get some of the labels on it translated, 
should I run across a person who could translate from 

A FJT. 
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Figure 4. Sketch of super-
regenerative Tx/Rx circuit. 

two 

Figure 5. Telephone switchboard type lever switch 
used in this transmitter for Tx-OFF-Rx. 

Japanese to English. For years I used the picture as a 
bookmark in my notebook of radio repairs. A few 
months ago I retrieved it and saw that I must have 
shown it one time, to Peter Tsao, a fellow who 
worked in our department in the old flight simulator 
days of the early fifties. Peter was born here, but as a 
child, he learned some Japanese from his mother. He 
had written some probable meanings on a piece of 

(Continued on page 5) 
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(Continued from page 4) 
paper folded over the photo. These were mostly right, 
but he thought it was a transceiver, too, based on the 
terminals and switch labels. After some circuit 
tracing with my trusty Fluke meter, I learned what 
was really going on here. 

Referring to the panel layout picture in Fig.6, this is a 
transmitter working three bands in the shortwave 
spectrum. It is made to operate with a companion 
receiver, which plugs into the left-hand 5-contact row 
of banana jacks, so that the receiver can use the same 
antenna as the transmitter and its audio will be routed 
to the microphone/headphone jacks at the bottom left. 
Flipping the Tx-Rx switch on the far right enables this 
set of connections. The other lever switch, nearer the 
center of the panel, switches between AM and CW, so 
that in CW it enables the key to operate, and at the 
same time, connects both triodes in the dual-triode 
tube in parallel, to increase the output power. When 
flipped to AM, this switch separates the triodes, using 
one for RF oscillator and the other for audio amplifier 
and modulator. The center position of this switch 
shuts the set off. Plugging a crystal into its holder, 
under the lid of the tiny hinged box at left-center 
actuates a switch that connects the crystal in series 
with the tuned circuit controlled by the frequency-
selection knob, lower far right. The meter is used to 
read antenna current, and the four banana pins at the 
bottom center, clearly labeled (in English), are the 6-
volt input pins for filament power, and 150-volt pins 
for B+. As mentioned above, this radio came with an 
unoccupied tube socket, which has an engraved label 
calling for UZ12C as the tube type. My Babani Tube 
Encyclopedia, published in 1958, lists such a tube, 
but says it is a Japanese version of the 6F6, an octal-
based output pentode, which is certainly wrong. 

Based on the labeled 6-volt filament supply terminals 
on the set, the UZ12C must be a 6-volt tube, and it is 
probably a twin triode, like the US type 19 or the 
Japanese UZ30C, either of which would probably 
work, but perhaps not at the power level intended for 
this transmitter. Both of these alternative tubes run on 
2 volts filament supply, and both can take 150 volts of 
B+ supply, but the UZ30C is basically two US type 
30 triodes in a single envelope, and the 19 is intended 
for Class B operation, with considerable grid current 
and normally run at zero volts bias, and fairly high 
idling plate current, This set was made to operate 
alongside a 3-tube receiver, both fed from a hand-
cranked or foot-pedaled generator, and high idling 
current would not be a popular characteristic among 

Connects 
to 

receiver 

Key 

• 

PA. Output 
tuning 

0 
0 
0 

0 

PA. Input tuning 

Microphone connector. Band switch 

Figure 6 
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AWCW switch; 
Crystal holder (under lid) Up for AM 

Antenna 

Ground 

A couple of the set's features are worth mentioning. 
The crystal holder has a small switch which gets 
depressed when the crystal is inserted; this then 
switches-in the crystal in the feedback loop of the 
oscillator. Just as in my initial assumption, the two 
triodes act as an audio amplifier plus power oscillator 
when AM signaling is used, but the audio amplifier 
triode is switched to parallel the oscillator triode 
when Morse keying is switched in. Oddly, the meter 
is used as an antenna ammeter only, whereas it could 
also have been used to check the tube's filament or 
plate current to detect a bad tube. Another oddity is 
in the tuning of the oscillator with the crystal out of 
the circuit, where, for the lower frequency bands (I 
and II), a variometer is used for tuning, something 
not seen in American radio circuits since the 1920s. 
Furthermore, this variometer's spherical rotor-coil 
shaft is coupled to a clear-plastic-enclosed variable 
capacitor, which is wired for use only in Band I. 
These components can be seen in the underside photo 
in Fig.7. Grid dipping the coils indicated the set will 
tune from about 2 MHz to about 18 MHz If I cannot 
obtain a real UZ12C tube I plan to put a type 19 (or 
possibly an available UZ30MC (much like the 
UZ30C noted above, except it runs on 3V filament 
voltage) in the set and fire it up one of these days. 
Progress is deliberate at my age. 

litie.01.11111111. Figure 7. Un-
derside of 
transmitter. On 
the right is the 
spherical-
variometer, 
coupled to a 
lower variable 
condenser. 
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THE MAGNETRON CONTROVERSY - UPDATED 
BY ED LYON 

This piece updates research done back in 1990-94 by this author, and related in a Radio Age series in 
the early 1990s,in a 1994 AWA convention seminar, and in two1995 AWA Review articles, "The Inter-
national Race for Radar" and "The Real Story of the Magnetron." Since that time, new information 
has been found which supplements the story of the magnetron's origins. 

FOR many years after the end of World War II it 
had been generally assumed, at least in the 

  west, that the British scientists Boot, Randall, 
and Oliphant were the inventors of the cavity magne-
tron, the critical device that gained the Allies in that 
war the mastery of radar, enabling the engagement 
and destruction of enemy forces and installations 
through the dark of night and inclement weather, and 
providing early warning and location of enemy ap-
proaches, whether by land, sea, or air.. But it appears 
these fellows were not the first to suggest and master 
the design of this device, nor even the second, or pos-
sibly even the third. Their contribution, however, 
was more important than invention; it was that trio 
that exploited the invention, and recognized a way to 
make it practical for urgent use in a war that critically 
needed all-weather short-wavelength radar, in order 
to avoid defeat by a powerful axis of enemies. 

The magnetron. was• another of General Electric's 
Greco-Schenectady named inventions, more particu-
larly a creation by Albert Hull to further distance 
GE's electron tube designs from the deForest Audion. 
Hull (and practically everybody else) knew that elec-
trons emitted from a hot cathode had their motion 
affected by magnetic fields as well as by electric 
fields, and deForest's Audions operated by electric 
field variations excited by the grid. Hull might have 
been the first to use a split-anode to whip-saw the 
electrons that circulated around the cathode in the 
magnetic field. Hull was able to make his magnetic-
field-type dual-anode diode oscillate by feeding the 
tube output back to the electro-magnet's field coil 
which controlled the magnetic field in the tube. Al-
ternatively, he could feed the output back to the elec-
tric field between the two anodes. The oscillations 
could be increased in frequency by changing the 
resonant frequency of the circuits that were con-
nected to the two anode halves (or quarters), but 
needed careful control of the core and coil designs of 
the electromagnet, and he worked mainly in the tens 
of kilohertz zone — perhaps useful in audio applica-
tions, but not in practical radio systems, competing 
with Audions. All this was in the World War I period 
and the few years afterward, a period when GE's and 
Western Electric's scientists made great improve-

ments in the Audion, and made Hull's magnetron un-
important, or at least uninteresting. 

Then, in the days before World War II, GE's 
McArthur resurrected Hull's split-anode magnetron, 
and began making it far more robust and massive, 
water-cooling the anodes and their lead-ins by mak-
ing them hollow tubes carrying cooling water. 
Power levels of kilowatts, at frequencies up to 800 
MHz, were possible, and these became the basis for a 
series of airborne radar jamming devices for use 
against radars and VHF/UHF communications that 
operated at frequencies in the hundreds of MHz, 
namely German and Japanese operational radars and 
tactical communications. In the non-operational 
arena, both Germany and Japan had microwave ra-
dars: Germany finally gaining the capability by ex-
ploiting battlefield capture of British equipment in 
late spring, 1945 (after Hitler had already locked 
himself into his Berlin bunker), and Japan, who, 
early-on had microwave radar but, as we will see, 
botched it. 

Scientists in Germany, England, the USA, and Japan, 
however, continued to experiment with the magne-
tron, pursuing several distinctly different objectives. 
Here in America, Kilgore (Westinghouse) sought to 
increase both the operating frequency and power 
level, aiming at not only radar detection at extremely 
high frequencies, trying to emulate the physics in-
volved in use of a flashlight (powerful ultra-high-
frequency transmitter) and eyeball vision (sensitive 
reception of ultra-high frequency reflections). 
Kilgore also followed Westinghouse's aims in the 
research, exploitation of the capability to carry a 
large number of paralleled audio channels of commu-
nication on microwave links or paths. At the Naval 
Research Laboratory, scientists were trying to 
achieve the distinction of creating the highest possi-
ble radio frequency signal, and had constructed mag-
netrons that followed the basic principles of Hull's 
split-anode design, but making the unit smaller and 
smaller, with very high magnetic and electric field 
strengths, and by 1939 had reached almost 80,000 
MHz, but the highest power level attainable without 

(Continued on page 7) 
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Continued from page 6 
melting the anodes was measured in 
milliwatts. 

At Bell Labs, research into shorter and 
shorter wavelengths followed more 
traditional paths. Rather than chase 
microwave developments down van-
ishingly small wavelengths, they tried 
making ordinary vacuum radio tubes 
that had the shortest practical transit 
times, yet had sufficiently large anodes 
that cooling was not an insurmountable 
problem. The leader in this work was 
Arthur Samuel, charged with the devel-
opment of triodes and tetrodes capable 
of high peak (pulsed) power levels at 
frequencies up to 1500 MHz. The objective was to 
develop tubes that could generate or amplify signals 
used for radar beacons, repeaters, IFF (Identification, 
Friend or Foe), or radar/communications countermea-
sures. In this frequency regime, his usual method of 
designing the frequency-establishing tuned circuit for 
a signal generator was to employ a pair of "Lecher 
Lines," [1] adjusted to a length of a quarter- (or a 
half-) wavelength at the desired frequency, and embed 
the tube's grid and plate as part of the lines. As a re-
sult; his tubes took. on a characteristic shape: two par-
allel rods, one grid line and one plate line, with essen-
tially co-axial cylindrical elements welded to the two 
lines inside the tube. The lines, then, established the 
operating frequency and the only frequency-limiting 
factors that would occur 
would be the precision 
of internal dimensions 
and the minimum size 
necessary to achieve the 
required output power. 

at 50 watts power at up to 1500 MHz, 
very advanced for its time. In 1934-
36, Samuel worked out a magnetron 
design, like Hull's, but which had four 
tuned circuits symmetrically arranged 
as a donut-shaped anode. These tuned 
circuits were extrapolations of ideas 
developed at Bell Labs and simultane-
ously by Hahn and Metcalf at Stan-
ford, in which the tuned circuit was 
actually a cylindrical metal-lined cav-
ity , sort of like a tuna-can. The ends 
of the can form the plates of a capaci-
tor, and the side wall of the can acts 
like a large number of parallel wires s 
"shorting" the ends together — or 

rather than "shorting" the ends, the 
imagined parallel wires (sides, actually) act as induct-
ances. The "tuna-can" shaped metal cavity then acts 
like a parallel circuit of inductance and a capacitor, so 
it will resonate at some radio frequency. It turns out 
that if the can is about the size of a stack of quarters, 
the resonant frequency will be about 1000 MHz, and 
if like a short stack of dimes, the resonance will be at 
about 2000 MHz. In Samuel's patent he took four 
such cavities, arranged symmetrically around a fifth 
cavity of somewhat smaller diameter. And then he 
coupled all of them together by narrow slits, and put a 
heated cathode down the very center. He added a 
magnetic field, the lines being parallel to the sides of 
the cavity walls. This arrangement he patented, the 
award taking place in 1937. 

Samuel's line of tubes 
included the very com-
mon Types 316A , 368A, 
and 388A, the first sin-
gle-ended, the last two 
double-ended (with lines 
passing completely 
through the envelope), 
and numerous larger and 
smaller such "door-
knob" tubes. These tubes 
were designed in the 
1930s, and the 368A, for 
example, could operate 

"PCT .$

FIG. i 

Z 

Key illustrations from 
Samuel's 1937 patent for 
a cavity magnetron that 
could have two or four 
cavities. Fig. 2, on right 
resembles Ito's device. 

Now, at Stanford, the cavity-
type tuned circuit was seized 
upon by the Varian brothers, 
Sigur d and Russell, is their 
development of a velocity-
modulated tube they called a 
klystron. Here, the electron 
stream from a cathode, enroute 
to a distant anode, sweeps past 
a first cavity's slit and excites 
RF currents in the walls and 
ends of the cavity, which af-
fects the velocity of the elec-
trons in the stream, so that, if 
the timing is just right, the 
electrons passing the second 
cavity are bunched up in an 
irregular density, the slower 
ones having been overtaken by 

(Continued on page 9) 
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Do you use a "smart" phone, i-phone, 
j-phone, or whatever else these clever 
devices are called? They have many 
uses, aside from simply being tele-
phones - still camera, movie-camera, 
television, computer, notebook, album, 
credit card, and so on. As early as 
1944, though, portable radio-
telephones were around, but they were 

not pocket-sized or very much in common usage. 
One of the types that was used in Britain at that time, 
and which has made its way into many murder mys-
tery novels, is the "S-phone." This radio-phone oper-
ated "full-duplex" but had to use two frequencies, 
one for transmitting and a different one for receiving. 
Two settings could be switched into operation, one 
with "orange" transmit and "green" receive, and any 
correspondent who conversed with such a set would 
have to reverse the frequencies, receiving on the 
"orange" frequency and transmitting on "green." 

Orange was on 380 MHz, and green was on 337 
MHz, both, of course, being UHF, and workable only 
line-of-sight. They were intended for tactical use for 
SOE, the spy network, between cars, ships, aircraft, 
and mixtures of these settings. A novel application 
was devised for groups to use, in which an aircraft 
carrying a "green" setup (the setup was named for the 
"color" of its transmitting frequency) could talk to a 
large number of "orange" correspondents at one time, 
broadcast-style. The many correspondents could, 
with a little applied discipline, talk back to the plane, 
and a scheme was devised to interconnect the trans-
mit and receive functions in the aircraft so that it re-
broadcast whatever was received, of course on the 
complementary frequency, requiring the use of two 
settings for the various correspondents on the ground, 
or at sea. S-phones had special miniature tubes, a 
single one transmitting and a super-regenerative stage 
receiving, followed by some audio amplification. 

During the same time period (1943-44) the U.S. 
Navy had a similar portable radio-telephone system 
developed and was intended to be used for prepara-
tion for invasions of islands. The system had the no-
menclature RBZ, and operated at HF, from 2 to about 
6 MHz. The British SOE liked it and had a number 
of these units modified to run between 5 and 13 
MHz, instead. In this version, they were dropped for 
use by underground operatives in Nazi-held coun-

tries, primarily Norway and France, with some 
found after the war in Czechoslovakia. They were 
used by the underground only in the receive mode, 
listening to BBC for coded messages hidden in the 
broadcasts. The RBZ had five miniature tubes, with 
only a 1L4 output audio amplifier, permitting ear-
phone-only output power. It operated on ordinary 
dry-cell batteries. 

• 

SOE S-Phone in use, picture taken from 
operating manual. Note vertically polar-
ized dipole antenna and battery pouch. 

- e. 

RBZ receiver as issued by Navy. It used an in-
helmet headphone, but units dropped to under-
ground by SOE had earphone in a skullcap. 
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(Continued from page 7) 
the faster ones. As this lumpy-
density stream then passes the sec-
ond cavity, further downstream of 
the first, the electrons, by now in 
distinct bunches excites powerful 
RF currents in that cavity, and 
since it is identical to the first cav-
ity, their resonant frequencies are 
identical, and the excitation of cur-
rents is powerful. The second cav-
ity has a hairpin of wire in its inte-
rior wall and this hairpin collects 
some of the RF current in that cav-
ity, and it is wired to feed that RF 
current back to the first cavity. 
This was their klystron oscillator, able to produce 
modest power levels at tens of thousands of MHz, the 
frequency dictated by the cavity size. 

Arthur Samuel is better known 
for his invention of the UHF 
"doorknob" tube, like this 50-watt 
Type 388A. 

At Bell Labs, Samuel's patent had the group of four 
coupled cavities collect electrons from the central 
cathode, but this was despite a powerful magnetic 
field running straight into the page, in the figure, i.e., 
the field lines ran straight from one end of each tuna-
can cavity to the other end. This field caused the 
electrons radiating from the central cathode to orbit 
in a' circle sweeping past the slits leading to all the 
four cavities. Then, as in the klystron, the RF cur-
rents in any given cavity (of the four) induced by the 
electrons passing by the slit, affect the current den-
sity, so that the current induces a yet stronger RF os-
cillation in the next cavity, and yet larger RF currents 
in the third cavity, and so on, freely oscillating in all 
four cavities. A hairpin-shaped wire in any of the 
cavities will tap into this RF current flow, and it van 
be conducted away by a co-axial line, and used as a 
radar transmission. The frequency is set by the cavity 
size, and the magnetic field and anode-to-cathode 
voltage must be set as well, but it really oscillates, 
and makes very high power levels. Samuel could 
never get Bell Labs to invest in its development as a 
powerful microwave generator, as they were really 
not primarily the radar business, but in the communi-
cations business, and saw Samuel's magnetron as a 
diversion, and really unwieldy to modulate with a 
thousand channels of voice, which is what they were 
supposed to be developing. 

In 1940, when Britain was suffering badly in the war, 
the Tizard mission of radar and electronics scientists 
came over to the USA from Britain, offering several 
ideas in radar science, including an eight-cavity mag-

netron, and other than its doubling of 
the number of cavities, was otherwise 
very much like Samuel's patent, in 
design. But the Brits had not just a 
design; they brought over a real mag-
netron in the flesh. And Bell Labs 
took it to Samuel's workbench and 
fed it the required magnetic field and 
high-voltage power source, and it 
made 9 kilowatt pulses of signal at 
2900 MHz, And microwave radar was 
born insofar as America was con-
cerned, having performed in actual 
(but careful and secret) wartime use 
in Britain for nearly six months. I'm 

sure Arthur Samuel glared across the table at his 
bosses, as they popped the corks from bottles of bub-
bly in congratulation of the Brits. He wondered if the 
publication of his magnetron patent had anything to 
do with the British cavity magnetron, as it was well 
known that the British delegation in Washington daily 
pouched every relevant patent published here back to 
London, and often included finished products, like 
vacuum tubes, radio receivers, and transmitters. 

Samuel moved smoothly into the computer age after 
the war, and became far more famous for his devel-
opment of computer methods and programming , first 
at Bell Labs, but more actively and importantly, at 
IBM. His breakthrough development of a program 
that could play checkers, and learn, by itself, to beat 
more and more capable checkers players, earned him 
worldwide fame, and boosted IBM stock 50 points 
overnight. 

Someone else was attentive enough to devour the 
contents of US patents, noticing Samuel's patent, and 
he was Japanese. Kinjiro Okabe was his name, and 
he experimented for years with various forms of 
Hull's split-anode magnetron, writing many IRE arti-
cles on the subject, and visiting GE many times in the 
1930s. He stumbled upon the idea of using more 
cavities, and when Arthur Samuel's patent emerged, 
it convinced him that use of multiple cavities as a 
way to get really powerful microwave energy. His 
superior or Tohuku University, H. Yagi, inventor of 
the Yagi antenna, encouraged him to see if his mag-
netron might actually work as a transmitter for a ra-
dar, using Yagi antennas of course. 

Okabe experimented with all of the "kinds" of mag-
netrons he could imagine, based on papers written 

(Continued on page 10) 
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(Continued from page 9) 
about magnetron ideas by all the foreign scientists he 
knew of. He suddenly realized there were two basic 
magnetron types, the single-anode type and the split 
or quartered-anode type, as Samuel had disclosed in 
papers and in his patent application. The single-
anode type would never be a success in producing 
powerful short-wavelength RF energy, and its operat-
ing frequency would always be a function of the ap-
plied voltage and magnetic field strength, and would 
have little to do with the "tuned circuits" connected 
to it, On the other hand, the split or quartered type 
would have automatic feedback between the two (or 
four) anode segments, and if these were shaped like 
tuned circuits (and since Hansen's work was pub-
lished, cylindrical cavities were ideal such tuned cir-
cuits) then power levels were set by voltage and mag-
netic field, and frequency was set by the tuned cir-
cuits dimensions. This confirmed that Samuel was 
on the right track, and so was Hull and McArthur at 
GE and Kilgore at Westinghouse. 

He wrote up a summary of his findings, including 
credit to Samuel, in a book published in 1937 [2]. 
Here he explains all the various forms of magnetron 
then floating around the various countries where re-
search was going on, including France, Germany, 
England, the US,-and Japan, and he categorized them 
as to potential for making high power and short 
wavelengths. Okabe's boss, Yagi, and co-worker, Ito, 
made a last trip (before the pre-WW2 tension 
mounted between Japan and the US) to the US, vis-
ited GE and several professional electronics society 
meetings, presented some papers on centimeter-
wavelength radar ideas, and then returned to Japan 
where they failed utterly to convince the military that 
radar for home defense and shipboard use was impor-
tant, and should be developed. Ito accompanied a 
delegation dispatched to Germany in 1938 or 1939 
and was treated to a secret discussion on German ra-
dar, which employed special Samuel-type triode vac-
uum tubes, some with fused quartz envelopes (so 
they could operate with the whole tube red hot) 
which could provide high power at 200 to 600 MHz 
(UHF) for well-engineered German radar systems. 
When Ito started to offer suggestions about Japanese 
4-cavity magnetron powered radars operating at 3000 
MHz, which could more closely approach human 
vision insofar as resolution is concerned than any 
UHF radar, and over hundreds of kilometers range, 
his delegation shut him up promptly and later berated 
him unmercifully for interrupting the German radar 
experts, who obviously outclassed the lowly Japa-

DRAi ; 
UND LUFTELEK-I , 

VERSUCHSSTATIL,r . 
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Flyleaf of Okabe's book, Magnetron Oscillations 
of Ultra-short Wavelengths. Note from the rubber 
stamping at the top that this copy of the book 
had spent the war years in the Luftwaffe Re-
search Library, just outside Munich. Okabe gives 
credit to Samuel for the four-cavity magnetron in 
this book. Somehow all this escaped the notice 
of any radar researchers in Nazi Germany. 

nese. On the return to Japan, all work on the cavity 
magnetron was stopped, except for some continuing 
lab work, which could last until they ran out of alloys 
for making the magnets and copper for the anode 
cavities. 

During WW2, the Japanese Navy was startled when 
during pitch-black darkness of a moonless night, 
ship's artillery shells splashed not 100 yards from 
their cruisers during the Coral Sea battle. The Ameri-
can naval forces had a couple of anti-aircraft cruisers 
that were using S-band (3000 MHz) shipboard radar 
(Navy type SG), and did not need to see the enemy 
ships by eyeball. The American cruiser's SG radar 
was able accurately to locate the Japanese ships, and 
pass the information to companion ships that had 
large-caliber guns with which to bombard the Japa-
nese ships in complete darkness. Convinced of the 
value of this new gadget, radar, the Japanese fleet 
commander, on returning to Japan, visited Yagi's lab 

(Continued on page 11) 
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(Continued from page 10) 
and ordered that they build and mount a 10-
cemtimeter (3000 MHz) radar on two of the battle-
ships planning at that moment for a major attack of 
the American fleet (at Midway). Two Japanese bat-
tleships, Hyuga and Ise, were so equipped in early 
1942, in time to sail with the Yamamoto fleet to the 
battle of Midway, set for early June, 1942. These 
two ships, though, became part of the force that 
split off from the main force, and headed for Attu 
and Kiska in the Aleutians, as a diversion battle, 
aimed to dilute the American defenses. The radars 
worked quire well, except for their poor azimuthal 
resolution, owing to the small horn-type antennas 
used. But these radars cut through the atrocious 
Aleutian weather, and allowed full-speed sailing in 
compact convoys in solid fog. After the utter fail-
ure of the Midway battle, insofar as Japan was con-
cerned, the Japanese fleet returned to Japan for re-
pairs and refitting. Before dawn, on June 17, 1942, 
Hyuga's log shows she was approaching Yokosuka, 
where a recently acquired German FuMB1 10-
centimeter Metox intercept receiver picked up 
Hyuga's and Ise's radar transmitter signals before 
the returning fleet had come into view. That con-
vinced the Japanese Navy admirals to remove and 
swear never again to use those radars, since they 
allow intercept operators to detect the presence of 
radar-carrying ships long before the ships get into 
range, making the radar a liability, not an asset. 

So, even though Japan had magnetron- powered 
microwave radar a year before America did, Japan 
fought the bulk of the war without access to micro-
wave radar that was employed to great advantage 
by the Allies. By late 1943, Ise, Hyuga, and other 
major ships in the now-decimated Japanese navy 
were converted to be able to launch aircraft from a 
rear deck made of heavy reinforced concrete which 
replaced the rear gun turrets, but no magnetron-
powered microwave radars were allowed. Some 
ships had 200 MHz radars, able to detect aircraft 
and ships at great distances, but not resolve the de-
tections as to how many targets, or exactly where 
they were. By late 1944, however, smaller ships 
(destroyers, primarily), which the admirals decided 
could be sacrificed, were outfitted with Okabe's 
and Ito's microwave radars, using four-cavity mag-
netrons, and later, four, six and eight-cavity 
"Mandarin" magnetrons. This type magnetron was 
strictly a Japanese invention, in which the cavities 
had alternating shapes, odd numbered ones round, 
and even numbered ones fan-shaped or almost rec-

Japanese battleship Hyuga, in June, 1942. This 
ship, plus sister ship, Ise, were outfitted with 3000 
MHz magnetron-powered microwave radar in 1942, 
a year before any US battleship had such a radar. 

tangular. This construction avoided the persistent 
problem in British and American cavity magnetrons of 
mode-shifting, where the output signal suddenly shifts 
frequency by one or more hundred MHz. Allied mag-
netrons were corrected by a process called strapping, 
where alternate cavities were interconnected by heavy 
copper straps brazed in place, the process tending to 
stop the mode-shifting. Post-war American magne-
trons often took on the Mandarin construction feature. 

Nakajima wrote, in an IEEE publication in the 90s, 
that wartime Japanese 
military resistance to 
the use of microwave 
radar derived from a 
notion that radar is a 
negative thing, con-
trary to the Bushida 
spirit, in that radar 
identifies a weakness 
in the soldier's 
strength. In his piece, 
Nakajma points out, 
also, that Japanese 
military draft policy 
ignored the value of 
the draftee as a scien-
tist or engineer, and 
the result was that the 

technology work-force 
in pre-war and wartime 
Japan was never ade-
quate to compete with 

those who did work in the 
(Continued on page 12) 

Hyuga and Ise had crude 
horn antennas, separate 
ones for transmitting and 
receiving. 

the Allies. Furthermore, 
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(Continued from page 11) 
technological sector, like radar design, were not per-
mitted to be pro-active in devising new weaponry, 
but should, instead, be responsive to military state-
ments of needs. 

But, wait. Stop the presses. The country that now 
claims to have been first to invent and employ the 
multi-cavity magnetron (check it out on Wikipedia) 
is Russia. Despite the fact that Russia did not have 
operating microwave radars of their own making 
during the Great War (WW2), they state now that 
their scientists invented the four-cavity magnetron, 
operating at 3000 MHz, and producing several kilo-
watts, in 1938, a full year before Randall, Boot, and 
Oliphant of England. Their cavity layout is re-
markably similar to that of Okabe/Ito, who admits it 
was derived from the Arthur Samuel patent of 1937 
(applied for in 1934) Both the Russian and Japa-
nese four-cavity magnetrons had a round-bottom 
groove machined around the outside of the copper 
anode, in which groove a length of matching copper 
tubing was brazed, for carrying cooling water (or 
glycol in aircraft radars). And both the Russian and 
Japanese radars used tiny, glass-enveloped magne-
trons in their radar receivers as local oscillators. 

Russia, however never had to design their own mi-
crowave radars in the war; they had access to 
American largesse, in the form of the superb SCR-
584 . These radars were quickly analyzed and sev-
eral were dissected and expertly copied, so that, by 
1960, there were thousands of them in the country, 
from the Arctic shores to the Black Sea, The origi-
nal SCR-584 set used strapped American 8-cavity 
magnetrons, which were virtually identical to the 
final British units. In all probability the Russian-
made versions of the SCR-584 used Mandarin-type 
magnetrons, needing no expensive strapping to 
avoid the disabling mode-shifting problem. 

Since there was a carefully tailored agreement be-
tween Russia and Japan during the war, to be abso-
lutely non-belligerent toward each other, and since 
Japanese-German cooperation continued throughout 
the pre-war period and the war, itself, it's conceiv-
able that pre-war travel between the two countries, 
by would-be radar scientists, could have cross-
fertilized the magnetron development by the two 
during such long overland journeys. All the publica-
tion of such development was left to Okabe and 
Yagi. The Russian scientific translations made by 
our State Department, of papers by Chernychev and 

his colleagues in pre-war Russia say nothing substan-
tive about any magnetron successes there. [2] 

Whether Russians actually invented the four-cavity 
water-cooled magnetron or Japanese scientists did it, 
at almost the same time (1938), the two resulting 
pieces of hardware were virtually identical, worked at 
the same frequency, provided the same power output, 
and neither was exploited for use in the impending 
war. A little over a year later, the British team de-
vised one, having six, then eight, cavities, but oper-
ated at the same frequency as had the Russian and 
Japanese units, and produced about the same power 
level. This is the one that was pressed to good use in 
the war, and led to all the post-war magnetron-
equipped systems, including the "Radar-Range", or 
microwave oven. 

Which reminds me, my coffee has got cold; let me go 
nuke it. 

End Notes: 
[1] Named for a German inventor, late 1800s. 
[2] Okabe, Kinjiro, Magnetron Oscillations of Ultra-
short Wavelengths, Shokendo Publishers, Osaka, 
1937. 
[3] Shembel', B.K., Origins of Radar in the USSR,(in 
Russian; translated by USJPRS), Moscow, 1977. 

Copper anode, said to be first multi-cavity 
magnetron invented in Russia in about 1936-
37 Resembles closely (!) Japan's first such. 
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GETTING USED TO INCREASING NOISE LEVELS - PART 1 
BY ED LYON 

Sometimes when we enter a restaurant or meeting room, we are suddenly aware of the high noise level there, and feel that 
normal conversation and comfort will be impossible. By contrast, If we are first to enter an quiet, empty room, and it very 
gradually fills with others, the same noise level as in the first case will eventually be present, and we continue our conversa-
tions as though the other noise didn't exist. In this short piece describing two notable events in history, acclimatization of 
one group of people by a radio-noise build-up by another spelled trouble. . 

The event was to occur in February, 1942. The exact 
date was to be very carefully chosen, determined by 
the weather prediction experts, who were notoriously 
inaccurate. But, for this particular event, they had to 
be right, or heads might roll, literally. World War II 
was ongoing, and the Kriegsmarine was charged with 
the order to move the two capital ships, Scharnhorst 
and Gneisenau (accompanied by Prinz Eugen) out of 
their relatively safe anchorage at Brest, on the west 
coast of France, to the Scandinavian zone where they 
were thought to be vitally needed. Needed, that is, 
for two missions: first, the destruction of Allied arms 
convoys from America to Arctic ports in Russia, and 
second, to defend against an Allied invasion of Nor-
way, Germany's source of vitally needed steel alloy-
ing metal ores and other exotic minerals (and heavy 
water for nuclear research). The Fiihrer was con-
vinced that the English were about to try to invade 
and occupy Norway, entering from the relatively un-
protected north. "In addition to the need to get these 
valuable ships to Norwegian waters, the anchorage at 
Brest had been coming under increasingly dangerous 
British air attack, and now, with America in the war, 
this problem would worsen. Hitler issued his orders, 
and German Admiral Ciliax got to work. He dis-
patched his most capable weather experts to bases in 
western France, Spain, Portugal, Iceland, the Azores, 
and aboard four German U-Boats in the Eastern At-
lantic. These experts coordinated their data in secret 
radio communications. 

Of course there were two plausible routes, one being 
northwestward through the Iceland-Greenland gap, 
then curling around Iceland and dashing directly east-
ward well north of Scotland, to the area of interest, 
and ultimately to a safe base of operations in Trond-
heim, but from there, able to hide from possible Eng-
lish air attack in any of dozens of Norwegian fjords. 
The second route possibility was a high-speed dash 
straight through the English Channel, at places sail-
ing only tens of miles from Britain. This latter possi-
bility, seemingly suicidal at first glance, had the ad-
vantage of continuous air cover by German Luftwaffe 
fighters and the magnificent E-boats. But the move 
from Brest all depended on two things, a perfect 

weather pattern for the ships' dashes, and the failure 
of English detection of the ships' movement. For the 
first, the weather needed had to be calm and clear so 
as to permit detection and avoidance of minefields 
sown by the British, for the first half-journey, from 
Brest to just past the narrowest part of the English 
Channel, near Dover. Assuming that by that time 
English air reconnaissance would have detected the 
passage, and would have the RAF out and gunning 
for the ships, the second weather feature that was 
necessary was nightfall, fog, and storminess from 
that spot onward to safety in Scandanavian waters. 

Ciliax was aware of English radar stations along the 
Channel coast. He gathered intercept data from all 
the German B-Dienst stations in coastal France, Bel-
gium, and Holland, and had plotted the locations and 
apparent range coverage of all these radars. His 
weather experts' data began arriving and was being 
assimilated by the best meteorologists in Germany, 
and a plan evolved. The flotilla, comprising the three 
capital ships and a fleet of destroyers, would leave 
Brest on the evening of the 1 1 th of February, and 
would be under air cover continuously, and E-boat 
accompaniment for the entire trip, with the speed set 
for as close to 25 knots as possible, because the 
weather was expected to turn extremely ugly the fol-
lowing evening, when the ships should be just leav-
ing the narrowest part of the Channel. Any delay 
would place the ships in danger of mines sown by the 
British on both sides of a very narrow free channel, 
kept that way for the passage of British coal convoys. 
Four days before the start of the journey, the radar 
jamming stations got the word to begin the "run-up." 

This "run-up" was a clever 50-Hz spike-shaped sig-
nal modulation format that began at very low power 
levels, and was synchronized with the power grid in 
the parts of coastal England nearest the English radar 
stations. Over the next six days, the noise emitted 
from these jammers would increase, in a smoothly 
gradual fashion, reaching a level after the second day 
that was so high that radar echoes from ships and 
aircraft would be impossible of detection. The short-
wave British Chain Home radars, known by the Ger-
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mans to be involved in long-range aircraft detection, 
however, were only mildly jammed, such that their 
increased noise levels tended only to confirm that 
there was increased noise these days, and aircraft 
detection everywhere was somewhat impaired. The 
urgency of the 1940 Battle of Britain was long gone 
and was only a dim memory to the radar operators by 
this time, and so the y were hoped by the Germans to 
simply write off the noisy conditions as weather-
related power-line problems. 

By the 1 1 th, all was ready, and the ships left Brest 
about 8:00 p.m., after an air raid scare, and made 
their way slowly through some recently sown mine-
fields, making their curve around to the north-east to 
start up the coast of France toward the Channel. 
They made 27 knots by the time they entered the 
channel, trying to get back on their scheduled aver-
age speed of 25 knots, had they left at the scheduled 
7:15 pm departure. By dawn, they were in the Chan-
nel, and had seen no British aircraft or ships thus far. 
The British radar stations issued no warnings, and 
the several routine air reconnaissance flights sched-
uled for the time had had troubles of one sort or an-
other, like engine trouble, and shortened routes be-
cause of delayed takeoffs. Two British reconnais-
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sance missions had spotted flotillas of E-boats leav-
ing French ports in tight formations (and headed for 
joining the German convoy to relieve other E-
boats ), but wrote them off as apparent training mis-
sions. 

In anticipation of any attempts' by the Germans to 
sail Scharnhorst, Gniesenau, and Prinz Eugen up 
into Norwegian waters via the Channel, the British 
had detailed plans to assemble two large squadrons 
of Beaufort torpedo bombers, plus six squadrons of 
Hurricane and Spitfire fighters and many antiquated 
Swordfish torpedo craft from nearby Channel bases, 
to intercept the ships. The Royal Navy also planned 
the use of several squadrons of motor-torpedo-boats 
(MTBs) and motor-gun-boats (MGBs) to be sta-
tioned in Channel bases along the entire southern 
British coast. The fighter planes were to eliminate 
any German air cover, the MTBs and MGBs were to 
counter any German E-boats, and leave the torpedo 
bombers free to attack the capital ships. All these 
plans were Most Secret, and were assembled under 
the code name Fuller. 

Part 2 will be published in the July Radio Age. 
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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. 

Antique Radio Repair : 30 
years experience in repair of 
antique radios and tube equip-
ment. Reasonable Rates. Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 

For Sale: 
Photocopies of DOD publication 
on tube tester Models 1-177, I-
177A, 1-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the 
1-177). 20-page 8.5 x 11 document 
contains hist-tie-tic:Mg for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 1809, 
Bowie, MD 20717. Or, order at 
ncrtv.org and pay via Pay Pal. 

Wanted: 
Geiger Counter aficionados — I 
would like to correspond w/ 
members interested in 40's to 50's 
vintage Geiger Counters. I've 
managed to repair a couple of 'em, 
including one made by HEATH, and 
would be pleased to discuss the trials 
and tribulations encountered. Please 
e-mail, snail-mail or telephone! 

Stephen Imms 
6035 E. Pine Crest Ct, Comville, AZ 
86325; 928 852 0881; Email 
steveimms@cableone.net 

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

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

Wanted: Any info on Hickok TS 
or Stark Teaching Systems (TS) 
Model 435 Low Voltage Power 
Supply. Thanks. 
Marv i n Mo s s 
<mmoss@mindspring.com> 
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Scene at local lamdfill. 
 April Fool!! 

Oh, never mind; it's May 

Remember. the December and April MAARC 
meetings are held at Sully Station. near Dulles Air-

port. Also note that the intersection of Rte 28 and 
Westfields is a full cloverleaf, with local bypass 
lanes on Rte 28. Map: 
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Road frns 

0 

Willard 
westtields 

Safeway 
Shopping Center 

X 
Sully Station 

Cornmunlrty Center 

66

Rt, 28 
(Sully Road) 
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Sun., July 21 

Sun., August 18 

Sun., Sept. 15 

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

3*394*****""M1X ED ADC 207 

David Ressetti 

317 Edgemere Drive 

Annapolis MD 21403-3914 

• 
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Expires_: 2019-12 

MA-74-/Z& llaur &xtevi-tar! 

Sun., May 19 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:40, 
meeting at 1:00 pm. Program: Bruce Pellicot, Aligning FM 
radios; Display Table: Loop Antennas. 

Thu-Sat, June 27-29 RadioActivity-2019, at the Sheraton College Park North, 
4095 Powder Mill Rd., Beltsville, MD; on the southwest 
corner of the intersection of MD 212 and 1-95. Theme, 
this year: Shortwave Radios; See blue insert in this 
issue of Radio Age. 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00 pm. Program: Randy Warren, Tone arms 
for turntables. 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00 pm. Program: Proximity fuze history 
panel. Display Table: Your most colorful dial radio. 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00 pm. Program: to be determined Display 
Table: Pre-1927 superhets 
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