
 

THE GENERAL ELECTRIC MAGNETRONS 
 

BY ED LYON 
 

At monthly meetings of the Mid-Atlantic Antique Radio Club it is customary to have a Show-’n’-Tell  presentation 
of unusual or rare radio-related equipment, for informing the membership present, and sometimes to help inform 
the presenter.  MAARC pioneer Willie Sessoms chairs this session.  At the March 2014 meeting, this author was 

one of the presenters, and he showed and described the operation of a World War II G.E. magnetron, type ZP599.  
At his conclusion, Brian Belanger made the mistake of asking, “ Say, Ed, why don’t you put together a Radio Age 

piece on that tube?  So, you can almost blame Brian for this article. 

I N 1914, the General Electric Research 
Laboratory hired former physics instructor 
Albert Hull, with the idea in mind for Hull to 

engage in pure electronic  research, and, possibly, 
show the way to a method of amplification and 
generation of oscillatory signals which did not 
infringe the de Forest patents on the Audion.  Of 
course, at this same time, 
elsewhere at G.E. Langmuir 
was reworking the Audion to 
make it a genuine electron 
tube, capable of sustained and 
reliable performance of these 
very tasks, except for the non-
infringement part.  Both Hull 
and Langmuir had G.E.’s Ernst 
Alexanderson as a potential 
customer, an engineer who had 
a huge high-frequency 
alternator, and who needed a 
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powerful amplifier to enable the field winding 
currents to be voice modulated. 
 
By 1916, Hull had succeeded in a couple of ways; 
for one, he had devised an electron tube that could 
amplify signals and oscillate, using a cathode and 
anode, as in a Fleming diode, but in which the 

electron flow from cathode 
to anode could be modulated 
by applying the magnetic 
field of an electromagnet to 
the tube, this field acting to 
bend the stream of electrons 
as they tried to progress 
toward the anode.  A second 
possible solution had fallen 
out of his experimentation, 
as well, this being an 
electron tube that had two 
anodes, one at high B+ 

(Continued on page 3) 

The G.E. ZP-599 prototype magnetron. 
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A BOUT MAARC and RADIO AGE. Radio Age became the 
monthly newsletter of the Mid-Atlantic Antique Radio Club in 

June 1994. Prior to that date, the MAARC Newsletter and Radio Age 
were separate publications. 

Subscription to Radio Age begins with the next available issue after 
the membership application and dues are received. Dues are $24per 
year in the US, $36 in Canada, and $60 elsewhere, all payable in 
US dollars. Two-year, three-year, and life memberships are 
available; contact the Membership Chair . All checks are payable to 
MAARC and, for new members, must accompany the membership 
application, which is available from the Membership Chair or the 
MAARC website (www.maarc.org). If you change your mailing 
address, email, or phone number, please notify the Membership 
Chair immediately so corrections can be made to Radio Age’s 
mailing list. The Post Office will not forward your newsletters. 

Back issues of the MAARC Newsletter from Vol. I, No. 1 (August 
1984) and most issues of Radio Age from Vol. 1, No. 1 (October 
1975) are available for $3.50 each postpaid from the Membership 
Chair. 10 percent discount on orders of 12 or more back issues and 
15 percent on orders of 60 or more back issues. Make checks 
payable to MAARC. 

Submissions to Radio Age are welcomed. Typewritten copy is 
preferred to handwritten. Articles should be submitted in PC format, 
preferably via email or on a CD or flash drive, in MS Word, Word 
Perfect, Wordpad, or RTF format, without fancy formatting, 
because the editors will have to modify it anyway. Photographs, if 
hardcopy, should be high quality black and white or color. Softcopy 
graphics files should be in TIFF or JPEG formats; contact the 
editors for further guidance. Send your submission to either editor 
and include your name, address, phone, and email. 

MAARC MONTHLY MEETINGS. Most months MAARC 
meetings are held at the Davidsonville Family Recreation Center, 
3789 Queen Anne Bridge Rd., Davidsonville, MD (map below). 
From U.S. 50, take MD 424 south for 2.5 miles. Turn right on MD 
214 for 0.6 miles, and angle left on Queen Anne Bridge Road for 
1.1 miles. The entrance will be on your left. April and December 
meetings are usually held at the Sully Station Community Center in 
Northern Virginia. Check the calendar on page 16 for details. 

                     

The entire contents of this publication are copyright ©2014 Mid-Atlantic 
Antique Radio Club, unless specifically marked otherwise on each article. 
Generally, all articles in Radio Age may be reprinted, provided specific 
permission is first obtained from a Radio Age editor (and the copyright 
holder, if not Radio Age) and full credit is given. 
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voltage, the other being perforated and at a lower 
voltage, closer to the cathode.  The first he called a 
magnetron, and the second a dynatron.  Hull’s degree 
in Classical Greek was already coming in handy [1]. 
 
The dynatron was shelved for the moment, as it was 
somewhat limited in what it could do, and it 
resembled an Audion, a factor which could attract 
lawyers.  But the magnetron was quite obviously 
unlike what de Forest claimed for his Audions, even 
those illustrated in his patent disclosures that used 
magnets [2].  Obvious difference here was that de 
Forest used magnets (among other things) to deflect 
the anodes (presumably made of iron or other 
ferromagnetic material), moving them closer or 
farther from the cathode, while Hull used the fields of 
magnets to cause the electrons to deflect themselves 
from direct pathways from cathode to anode, in 
accordance with fundamental laws of 
electrodynamics, something de Forest might well 
have left in the classrooms of his college years.   
 
Hull’s first magnetron had a simple cylindrical anode 
with an axial filamentary cathode.  In the absence of 
any magnetic field, the electrons emitted from the 
filament flowed radially outward to the anode’s inner 
surface. He then directed a magnetic field straight 
down the cylindrical axis of the anode, i.e., straight 
down the filament, the easiest way being to wrap 
enameled magnet wire around the tube’s outer glass 
envelope, then to hook up a battery and rheostat to 
the coil of wire.  When he increased the current in the 
coil (thereby increasing the magnetic field strength) 
beyond a certain critical amount, the electrons 
completely stopped reaching the anode, and instead 
ran in circles around the filament.   All was in 
accordance with electrodynamics.  He could restore 
the electron flow to the anode by decreasing the 
magnetic field or by increasing the anode voltage, or 
some of both.  With a sufficient number of turns of 
wire wrapped on the tube, he could make the 
magnetron amplify any signal currents augmenting 
the quiescent current in that coil.  For experimenta-
tion purposes, Hull did include a grid in his 
magnetron, but fixed its bias, applying signals only to 
the solenoid. 
 
The magnetron, in this configuration, however, was a 
poor oscillator, but able to oscillate in two modes.  
The first, working only at relatively low frequencies 
owing to the high inductance of the magnetizing coil, 
involved positive feedback: capacitive coupling of 
the anode current to the coil, bucking the normal 

(Continued from page 1) 

current there. This forms a sort of relaxation 
oscillator, yielding a pulse of current followed by a 
reduction in current, this cycle repeating.  A second 
mode of oscillation was facilitated by the magnetic 
field coil being slightly skewed from a purely axial 
orientation.  This caused the electron cloud to form 
near the filament, start toward the anode, but 
immediately begin to move in a circular path under 
the magnetic field influence.  Some of these electrons 

(Continued on page 4) 

Illustration on page 1, Hull’s magnetron patent . 
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positive anode half.  This arrangement would 
oscillate, the  resonant L-C circuit between the anode 
halves setting the frequency. He brought the B+ to 
the anode halves via a center-tap in the anode-to-
anode inductor.  At sufficiently high frequencies 
(>300 MHz), the tuned circuit took the form of 
parallel Lecher lines.  Okabe had the idea patented, 
assigning the patent to General Electric [3].   Then he 
began looking for ways to increase its output power 
and its operating frequency.   He had dreams of 
producing a powerful (hundreds of watts) 
transmitting tube that could operate at wavelengths of 
perhaps 10 centimeters (3000 MHz). 
 
Okabe’s split-anode magnetron became a favorite 
target for improvements elsewhere, as well.  Bell 
Labs’ Arthur Samuel, Westinghouse’s G. Ross 
Kilgore, G.E.’s Albert Hull, and, of course, Okabe, 
himself and his colleagues at Japan Radio, were all 
experimenting and writing papers on the capabilities 
of the split-anode magnetron, each pushing it to 
higher and higher power levels and internal 
complexity.  Okabe’s efforts suddenly went into a 
direction almost certainly inspired [4] by Arthur 
Samuel’s 1936 patent (2,063,342, applied for in 1934, 
issued 12/8/1936), in which Samuel shows a radical 
change in the tank circuit connecting the anode 
halves.  This patent followed a string of about 12 
power-tube and split-anode magnetron patents that 
had water-cooled anode half-cylinders, solid 
machined graphite blocks for anode halves, and short, 
fat, water-cooled Lecher lines inside the tube (as the 
tank circuit).  But then, his 1936 patent shows 
cylindrical cavities acting as anode halves, the 
cavities taking the place of the tuned circuits.  The 
notion of using cylindrical cavities as tuned circuits 
for extremely high frequencies had been exciting 
news on the west coast, and the Varian brothers were 
pursuing the use of such cavities as resonators for 
their microwave experiments (which led to their 
invention of the klystron, to borrow some of Hull’s 
Greco-Schenectady lingo).  Samuel’s 1936 patent 
shows both a two-cavity (analogous to a split-anode 
plus two Lecher line tank circuits) and a four-cavity 
(where the anode is quartered, rather than cut in half) 
magnetrons.  After showing this patent data in his 
monograph [4], Okabe’s magnetron papers suddenly 
slowed down and then stopped, indicating that 
something or someone had taken charge of the 
research after that point.  
 
Now, Samuel’s 1936 four-cavity version appears 
almost identical to a four-cavity magnetron on which 

(Continued on page 5) 

collide again with the filament, raising its 
temperature and the electron population.  Now the 
enhanced cloud moves in another circle and the 
process repeats, but moves up the filament 
somewhat, because of the tilt or skew of the anode 
axis.  After a number of such circular journeys, the 
cloud intersects both the anode and the filament, 
resulting in significant current flow, which damps the 
oscillations.  A resonant tuned circuit in the anode 
feed will enhance this quenched oscillation effect, but 
it is inefficient and weak.  
 
In 1927, a Japanese scientist, Kinjiro Okabe, on 
reading the patent literature and Hull’s technical 
papers, tinkered with the design, and tried splitting 
the anode into two halves, like cutting a tomato can 
in half from top to bottom. Otherwise his magnetron 
resembled Hull’s, except that he connected an ultra-
high-frequency L-C tuned circuit from anode-half to 
anode-half.  He thought that a cloud of electrons 
boiled from the cathode would start toward one 
anode half, would be forced into a circular path 
around the filament, and would charge each anode 
half with an induced voltage as it passed by each 
half., in its circular path around the filament.  This 
induced voltage, would itself repel the electron cloud, 
making it continue to circle the filament in an effort 
to get to the other side, always toward the more 

(Continued from page 3) 

Kinjiro Okabe’s split-anode magnetron patent, p.1 
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could obtain without the power output collapsing 
completely, and became driven toward making the 
lines heavier, shorter, and ever closer to the split 
anode halves, to reduce lead inductance and losses, as 
the frequency went ever upward. He drafted patent 
disclosures with each major improvement [6]. 

(Continued on page 6) 

Okabe applied for a Japanese patent in 
1937, and the Soviet Union announced (in 
1960) had been invented by Soviet 
scientists in 1937-38.  This same four-
cavity water-cooled version was 
unsuccessfully marketed to the Japanese 
military in 1939; then an improved eight-
cavity model, operating at 10 kilowatts 
pulse power and 3000 MHz frequency in 
1942, but again rebuffed by the Japanese 
Army and Navy as “inappropriate for 
radar, according to their expert radar 
collaborators in Germany.”  The multi-
cavity magnetron, it will be remembered, 
was what Randall and Boot had 
“invented” in England in 1939-40, was 
what the “Tizard Mission” brought here to 
North America in early 1941 [5], and was 
responsible for the design of thousands of 
Allied microwave radars during the war. 
 
But, for this article, we are interested in 
the version of magnetron that was 
somewhat simpler than the cavity 
microwave magnetron of radar fame, 
namely, Okabe’s split-anode type that 
became the inspiration for yet another 
experimenter/inventor, G. Ross Kilgore, 
who worked during the early Depression 
years at Westinghouse, East Pittsburgh.  
There, under the guidance of Ilia 
Mouromtseff, Kilgore worked on ways of 
h a r n e s s i n g  “ m i c r o w a v e s ”  f o r 
communications.  The objectives were to 
crowd many voice signals into a single 
ultra-high-frequency (UHF) channel, beam 
it across town, river, bay, or ocean, there 
de-multiplex it and send the voice-channel 
signals to their respective destinations by 
cable or wire.  Kilgore ran many 
experiments doing just that, continually 
devising novel UHF transmitters and 
receivers for this mission.  His 
experiments took him to magnetrons, and 
to Okabe’s version, a split-anode type. 
 
Kilgore’s early magnetrons looked a lot like Okabe’s, 
rather delicate glass envelopes with tiny half-cylinder 
thin metal anodes, and Lecher lines attached to the 
anode terminals, which were usually pins or wires 
penetrating seals in the glass envelope walls.  He 
tuned the Lecher lines to the highest frequencies he 

(Continued from page 4) 

Arthur Samuel’s cavity-tuned magnetron patent first page, 
clearly showing single, double, or four-cavity tuning, believed 
to be the first disclosure of a magnetron with multiple cavities 
for producing ultra-short-wave oscillations, later patented by 

Okabe, Boot, and Randall. 
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resonant frequency as high as possible, but it had to 
be large enough to be able to absorb the heat 
generated by the electron flows in it.  Mounting the 
hairpin loop outside the envelope meant that a socket 
or some sort of clips or clamps would be required to 
attach it to the internal anode halves, and all that 
would increase the lead inductance and losses, 
reducing the power level available and the frequency 
attainable. Kilgore brought the hairpin loop, by this 
time made of a piece of copper tubing carrying 
cooling glycol, completely inside the vacuum 
envelope of the tube, itself.  This forced a new 
requirement: the difficult problem of large-size glass-
to-copper seals, so he could bring the ends of the 
tubular copper elements out of the tube to attach the 
coolant supply and radiator.   
 
For better answers to these types of problems, RCA 
sent Kilgore to talk with the researchers at GE in 
Schenectady, where major breakthroughs in large-
size, high-stress glass-to-metal seals were taking 
place, as GE was developing a series of UHF and 
near-microwave “lighthouse” tubes for use in military 
applications, mostly radar.  Kilgore explained what 
he was doing, and had meetings with their microwave 
experts and with Albert Hull, as well.  Hull was 
pleased to find his old magnetron had gotten some 
recognition and use, and soon Kilgore came up with a 
way to get the entire tuned circuit, anode halves, and 
liquid-cooling passage built into a tubular copper 
hairpin loop brazed to a pair of machined copper 
blocks acting as anode halves, then with the copper 
tubes continuing through the glass base to the coolant 
connections and output terminals. At the same time, 
the tubular base terminals could be extended into 

(Continued on page 7) 

 
By 1935 or early 1936, Kilgore found 
Westinghouse’s budgets for unsponsored R&D 
shrinking toward zero, and Mouromtseff advised him 
to take his magnetron ideas to someplace where they 
were working on a secret project called “RADAR.”  
Mouromtseff added that RCA, Sperry, Bell Labs, and 
GE were such places, and he would accord Kilgore 
excellent references, wherever he went.  Kilgore 
chose RCA, having heard they actually had Navy 
contracts to build radars.  He finished his research on 
split-cavity magnetrons at RCA, always looking for a 
way to get these novel devices into Navy radars, but 
was absolutely dumbfounded to learn that Navy 
radars at that time operated at 100 to 200 MHz, not 
up in his magnetron country!  His final patent on 
magnetrons is for a very capable split-anode type 
with very hefty internal resonant-line anode supports 
that form the entire tank circuit for the transmitter.  
Adjustments would come by way of small capacitive 
tabs brought near the tube. He tested these 
magnetrons under usual operating conditions, and 
learned (the hard way, mostly) to beware of the left-
over electrons, because when they were deflected by 
the magnetic field, and then by the very high electric 
fields inside the tube, these pesky electrons would 
spray onto the glass or mica supports, sometimes 
burning holes in them. 
 
The basic split-anode magnetron, in its first basic 
form, could be made to oscillate at any frequency 
determined by the tuned circuit connecting its anode 
halves together, the highest frequency attained by 
Okabe tying the anode pieces together with a heavy 
copper hairpin-shaped single-turn loop inside the 
tube envelope.  This loop had to be small, to get the 

(Continued from page 5) 

 
FOR THE RECORD: 
 
The March 2014 meeting of the Mid-Atlantic Antique Radio Club was held at the usual venue in Davidsonville, 
MD, on March 16, 2014, Eric Stenberg presiding.  There were about 56 members and guests in attendance.for an 
interesting Show-’n’-Tell presentation featuring radios, a magnetron, and  a recorder, followed by a discussion of 
the new features of the MAARC web site.  Brian Belanger then conducted his usual fine auction. Domi Sanchez 
reports a net of $1111 from the auction. 
 
The April 2014 meeting of the Mid-Atlantic Antique Radio Club was held at Sully Community Center in North-
ern Virginia on April 13, 2014, with 37 members and guests present, in beautiful spring weather.  Geoff Shearer 
showed several versions of a radio model in the Show-’n’-Tell session, one of which had been augmented (extra 
front-mounted tone control added) by an early owner of the set, causing some model-variant confusion, a factor 
we need to remember in restorations and repairs.  Then a 1930’s video on radio was presented, and an auction 
completed the meeting.  Domi reports a net of $237 from the auction. 
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stubby Lecher lines for bringing the operating 
frequency downward, if needed.  Separate pins 
penetrated the glass base for the filament.  
 
A couple of such tubes were made up for Kilgore to 
test back at his RCA lab, and they produced about 
300 watts average power at 700 MHz.  RCA’s interest 
in the tube was modest, as their main radar concern 
was to be able to get tens of thousands of watts during 
short pulses, with average power levels down around 
50 or 100 watts.  They saw no easy way to get the 
magnetic field boosted to the level needed to get the 
pulse performance needed for their Navy radar work, 
which was satisfactorily getting along at 200 MHz 
using Eimac triode transmitting tubes [7].  By 1940 
RCA was also doing some development work for the 
Army on a continuous-wave (rather than pulsed) form 
of radar altimeter for aircraft, where this tube would 
fit in, but they didn’t need the high power levels 
achieved by this magnetron.  For their altimeter 
transmitter, they were getting good results with a pair 
of push-pull type 955 “acorn” tubes, producing 
perhaps a half-watt.  The last thing RCA wanted to do 
was develop a new transmitting tube for which they 
had no immediate market. 
 
But at GE, Hull called together his research staff 
members who were working on ways of creating 
jamming signals for foreign radars.  GE was keeping 
in touch with the Wright Field Aeronautical Research 
Lab, where they openly competed with Ft. 
Monmouth’s Signal Corps Lab in airborne radar 
development, but also kept an eye on foreign radars 
with which Army Air Force aircraft might soon have 
to cope.  Through liaison with the British, they 
learned that the latest German radars operated at 
frequencies from 150 MHz to almost 600 MHz.  This 
new tube of Kilgore’s might be just the transmitting 
tube they would need to create spiky-noise-
modulated, wideband signals to “blind” these German 
radars. It certainly could produce more output power 
than triodes at these frequencies, even the touted GE 
lighthouse tubes.  They realized it may not be 
possible to keep the tuned circuit inside the tube 
envelope, as any fully internal tuned circuit had but 
very limited tunability outside its built-in dimension-
established frequency range, so they redesigned it 
(several times) to make a series of similar tubes with 
differing tuned-circuit sizes, totaling three models that 
had a capability to work the needed band with 
external tuned circuit frequency extenders.  These last 
mentioned tubes had the liquid-cooled anode blocks, 

Continued from page 6 

just like the fixed frequency models, but used external 
copper-tubular tank circuits clamped to the coolant-
carrying pins penetrating the tube base.   
 
The basic concept worked well, and after learning the 
depressing lessons taught to Kilgore, Okabe, Boot 
and Randall, and many other magnetron pioneers by 
electron beam misbehavior in their experiment [8], 
GE finally, by mid-1942, had a family of powerful 
spilt-anode magnetrons that could be pressed into any 
service in which the operating frequency might have 
to be learned during operation, such as in detecting, 
then jamming, a new enemy radar.  And by this time, 
Roosevelt had established the National Defense 
Research Council  (NDRC), and its two main 
laboratories, the Radiation Lab (RL, who created 
radar systems), at MIT, and the Radio Research Lab 
(RRL, who created anti-radar systems) at Harvard.  
The RRL scientists called for several jamming 
systems aimed at both Japanese radars (operating at 
200 to 300 MHz) and the German Freya and 
Wurzburg radars, operating at 250 and 550 MHz, 
respectively, the latter being part of German radar-
controlled interceptors and radar-controlled anti-
aircraft artillery which had destroyed hundreds of 
Allied aircraft over Europe. 
 
Jamming enemy radar signals while overflying enemy 
territory required more than simply sending a 
powerful signal toward the radar in the hope it will 
prevent the operator from seeing and following the 
echo from one’s aircraft.  A popular form of WW2 
jamming would generate and transmit a signal that 
was modulated to produce, in the enemy radar 
receiver, signals not too different than aircraft echoes, 
but stronger, and moving about on the radar 
operator’s display so as to mask not only one’s own 

(Continued on page 9) 

RCA’s radar altimeter transmitter— type 955 acorn 
tubes in oscillator; FM imposed by round porcelain 
loudspeaker driver tuning the anode tank, center. 
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2. The second annual International Radio Restoration 
Contest, organized by the Quebec club, SQCRA, and 
chaired by Serge Hainault (SQCRA) has concluded 
the judging of the eight entries submitted this past 
winter.  Entries came from MAARC and CHRS in 
this country, SQCRA and SPARC in Canada,  Lim-
burgse Radiovriend in Belgium, NVHR in Holland, 
CHCR in France, and NZVRS in New Zealand.  First 
award went to the SPARC entry, a mass effort of four 
or five members at restoring a Silvertone 4766 
“telephone-dial” radio.  Second award went to the 
Belgian entry of a restored Colonial Globe radio.  
The MAARC entry was Robert Lozier’s restored-to-
museum-state Atwater Kent 768Q. 
 
Considerable score is given final operating fidelity in 
this particular contest, and  most contestants devote 
considerable effort toward concealing modern high-
quality components inside vintage covers, and some 
use modern cabinet finishes as well, since they make 
a striking appearance, and are easier to apply than the 
originals.  The SPARC entry was  very well done, in 
all respects, transformed from junk to gem. 

1. Exciting News -  
MAARC is hosting its own Internet 
discussion forum! 
 
Have you been to www.maarc.org 
lately? Scroll down a little on the home 
page and learn about this new feature. 
It will replace the Yahoo discussion 
group and be completely managed by 

the club.  We foresee it as an ideal place to ask ques-
tions, exchange information, share pictures and pro-
jects, and sell and buy radio-related items. We can 
already do most of this on the Yahoo group, but a 
MAARC-run group will have an important advan-
tage: We intend to open much of the forum to the 
public at large. This will increase the discussion as 
well as the visibility of the club. The possibility of 
access to the members-only sections should also en-
courage more people to join the club. 
 
For the time being, only MAARC members will be 
allowed to join the forum. The present launch is really 
a Beta test and we need your comments and sugges-
tions. For instance, would you like to change the prin-
cipal discussion topics or add others? Our idea is to 
make the main topics fairly general but distinct so 
that discussion threads will fall easily into one topic 
or another. Also, what topics or features should be 
available only to club members in good standing? 
Based on experience with another collectors' forum, 
we are tentatively adding a members-only topic for 
"Other Collectibles" beyond radios that everyone can 
read, but only members can post and reply to. In the 
other club this has proved to be stimulating and could 
drive people to MAARC and to our forum. 
 
The forum will be moderated, meaning each post will 
be reviewed before it becomes visible. This will let us 
filter out spam and inappropriate content.  See the 
forum rules for more information.  A subcommittee 
of the Board will be evaluating the forum and all the 
questions and suggestions that come in. We would 
like to fully open the form by late spring or early 
summer, so we need your feedback soon. Please send 
it to Chris Kocsis at chrisk33@cox.net. And keep 
checking the forum to see as changes are made. 
 
Last but not least, major kudos and a huge Thank 
You! to Carlos Lazarini, who set the forum up and 
also designed and maintains our new Web site.  
 

Tidbits 

Above is the 
SPARC entry, a 
Silvertone 4766. 
 
 
At left is the 
MAARC entry, 
Atwater Kent 
Model 768Q 
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aircraft echo, but those from the many companion 
planes in your squadron.  The idea was to overwhelm 
the enemy radar with many possible targets, yet be 
able to receive the enemy radar transmissions 
“through” one’s own jamming signals to detect 
whether the enemy has shifted his radar’s operating 
frequency to dodge the jamming signals.  As he shifts 
the radar operating frequency, the jammer operator 
must also shift the jamming frequency.  The British 
were early users of such techniques, calling one of 
their more successful such jammers “Carpet,” hinting 
that it covers the enemy radar “like a carpet.”  RRL 
worked with Stromberg-Carlson in the design of the 
American follow-on, called “Broadloom.”  The 
official nomenclature was AN/APT-4, and it used the 
GE magnetron series to generate its high-powered 
spikes of false-target-like noise and confusion. 
 
Two G.E. magnetrons were used in the Broadloom 
jammer, allowing coverage from 140 MHz to about 
800 MHz. Output power levels were about 250 watts 
average, with both FM and AM modulation.  The two 
magnetrons were GE types 5J29 and 5J30 [9].  Type 
5J30 uses an external tank circuit, glycol cooled, and 
connected to the two large tubular base pins of the 
magnetron, and this arrangement allows coverage of 
the 140 MHz to almost 500 MHz.  The second 
magnetron, 5J29, has the internal tubular hairpin coil 
which sets the upper frequency, 800 MHz. 
Trombone-like extensions outside the base of the 
tube, allow tuning to frequencies down to about 450 
MHz.  All tuning in Broadloom transmitters is by 
hand cranking the trombone tank line extensions, and 
simultaneous capacitance plate movement, with 
Veeder-counter dials. The magnetron this author 
showed at the March 2014 MAARC meeting was a 
GE type ZP599, prototype of the 5J30 [10]. 
 
During the second World War General Electric (and 
as a back-up supplier, ITT-Federal) made thousands 
of these and similar split-anode magnetrons in the 
5J29, 5J30, and 5J32 series. GE also made the 
broadloom jammers by the thousands (about 2700, 
total) in the production contract after Stromberg-
Carlson had made several hundred in the first RRL-
supervised run.  These were carried on B-17 and B-
24 bombers, at first very reluctantly, since the crews 
preferred an equal weight of 50-caliber ammunition, 
instead.  After some use, however, the protection 
afforded by jamming interceptor-control radar was 
realized, and the crews wanted several jammers, even 
with the resultant reduction in weight of ammunition 

(Continued from page 7) carried.  There is a picture of the Broadloom 
transmitter on page 15, this issue. 
§§§§ 
 
References: 
[1] Hull’s bachelor’s degree from Yale was in Classical 
Greek. 
[2] De Forest’s patent 841,387, showing many control 
variations on the Fleming diode. 
[3] U.S. Patent 1,860,114, applied for June 13, 1928, 
issued May 24 1932 
[4] Evidence of such inspiration appears in Okabe’s 
August 1937 monograph, “Magnetron Oscillations of 
Ultra-Short Wavelengths,” published by Shokendo (Osaka, 
Japan, 1937), in which Okabe shows (and properly 
attributes) an illustration of a four-cavity magnetron taken 
from Arthur Samuel’s 1936 patent, 2,063,342.  Ironically, 
my copy of this monograph was liberated from Luftwaffe 
General Wolfgang Martini’s Research Library by a U.S. 
Army Signal Corps sergeant as U.S. troops overran the 
Gräfelfing facility in 1945.  Evidently, Germany had, in 
this small book, an image and brief description of a 
workable microwave cavity magnetron in their hands 
before the British did, but likely never read the 
monograph. 
[5] Most histories of radar (including this author’s 
“International Race for Radar” series listed in the MAARC 
website Radio Age index) discuss the September 1940 
Tizard mission to North America, in which Prof. John 
Cockcroft, Dr. “Taffy” Bowen, and several others were 
sent to the U.S. and Canada to initiate exchanges of 
designs and developments in radar and related military 
science, and to secure mass production capacities in these 
developments.  Among British developments brought at 
this time was the multicavity magnetron, capable of 
producing almost 10 kilowatts pulse power at 3000 MHz 
operating frequency, a revolutionary step in wartime radar 
science for the Allied cause. 
[6] Kilgore’s patents on magnetrons include 2,046,688, 
2,064,012, and 2,075,855, disclosed in 1934, 1932, and 
1936, respectively. 
[7] The Navy became fond of “ring” oscillators for their 
VHF radars, using any even number of tubes, but usually 
with 4, 8, or 16 tubes, ranging from types 15-E to 304TH. 
[8] Largest problem was bombardment of internal struc-
tures and glass, caused by leakage of high-velocity elec-
tron streams exiting the cathode-anode spaces, cured by 
strategic placement of ground-potential metal shields, such 
as “washers” at the ends of the filament. 
[9] The designs of these magnetron-implemented jammers 
are extensively discussed in both volumes of Very High-
Frequency Techniques, edited by H. J. Reich, with authors 
from the WW2 Radio Research Lab, Harvard University., 
McGraw-Hill, publisher, 1947. 
[10] The ZP599 had been lab-tested at over 700 watts aver-
age power, but the production 5J30 was run at 250 watts. 
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PROBLEMS ALONG THE WAY 
 
In the restoration process, many problems came up, 
mostly typical old radio ailments such as accidental 
shorts, dirty switch contacts and noisy controls.  The 
greatest problems were the result of previous work 
done on the chassis.  Evidently, when the remote con-
trol and Beam of Light phono pickup circuits failed, a 
previous owner simply cut them out of the system, 
leaving just the basic radio-phonograph with a more 
conventional phono turntable.  This was a practical 
approach, in that the original set was just too compli-
cated to be reliable after 60 or 70 years.  Doping out 
just what had been chopped turned out to be quite a 
task. Aside from figuring out how the original circuits 
were configured and replacing at least 50-60 wires, 
the greatest problem was getting the thyratron remote 
link to function.  
  
The thyratron, a gas-filled triode tube, theoretically 
can be caused to fire (ionize) when the voltage on the 
plate is positive, and the grid voltage is momentarily 
positive, both of these being with respect to the cath-
ode or filament.  Once the tube is fired, it exhibits a 
low resistance between plate and cathode.  That con-
dition remains as long as the plate remains positive.  
When the plate voltage goes to zero or negative, the 
ionization is snuffed, and the plate – to cathode circuit 
reverts to an open circuit state. An ideal configuration 
for controlling thyratron power devices is the applica-
tion of a 60 Hz line voltage to the series string of 
plate, the desired load, and cathode, and using the grid 
signal to start a conduction period.   At the end of each 
half-cycle of the a-c line voltage, the absence of posi-
tive plate voltage causes conduction to stop (that’s 
what it says in the book).  If the grid remains at a 
positive voltage, or is constantly positively pulsed, the 
thyratron will immediately resume conduction at the 
next positive half-cycle of applied plate voltage.  This 
would result in a current of half-wave rectified AC.  
Depending on the load (or device being controlled), it 
may be necessary to filter this waveform to prevent 60 
Hz chatter, or, as in most cases, the mechanical and 
electrical inertia of the controlled device will prevent 
chatter. 

 
In the 41-616 remote circuit, a pulsed sequence of RF 
bursts (the control signal) is received and amplified 
and presented to the thyratron grid.  The grid is quies-
cently held at a negative voltage with respect to the 
cathode, meaning the thyratron is normally non-
conducting.  When an RF burst is received, lasting 
about 50 milliseconds, the thyratron is fired and re-
mains in conduction through several cycles of AC 
power. 
 
The control signal is developed by processing through 
two stages of RF amplification, in what amounts to a 
simple TRF receiver.  Both stages are tuned to the con-
trol frequency, in the neighborhood of 350 KHz.  The 
thyratron acts as the signal detector, as the amplified 
RF is simply applied to the thyratron grid.  Tuning the 
two RF stages is extremely difficult as the tuning ad-
justments are situated on the RF cans in a nearly inac-
cessible place.  Because of difficulty in attaining reli-
able operation, I modified the thyratron control circuit 
somewhat.   The modification involved rectifying the 
AC line voltage, passing the result to a resistive di-
vider, to get about 20 volts negative DC, which is then 
filtered.  This DC bias is applied as a holdoff bias level 
to the thyratron, grid, and the RF signal is superim-
posed on that bias.  When the positive peak of an RF 
signal exceeds the bias the thyratron fires.  
 
Little work was necessary on the remote control trans-
mitter.  For the B supply, five 9-volt portable radio bat-
teries were clipped together in series as a temporary 
power source.  At some later time, the battery pack 
may be stuffed into the original battery cover which is 
in excellent condition. The two volume control func-
tions require that the dial be braked by depressing the 
pointer on the dial.  This demands that the plastic 
(Tenite?) dial be reasonably flat.  It was necessary to 
eliminate some serious warpage in the dial rotor by 
clamping the part between two flat pieces of plywood 
and heating the sandwich in a warm oven.  Just a few 
minutes at about 150 degrees softened the plastic ade-
quately to remove all visible warpage.   
                                                                                              

(Continued on page 11) 

THE BEAST AND I — PART 2 
OR — HOW I FIXED A PHILCO 41-616 AND FOUND RELIGION 

 
BY ALFRED CORBIN 

 

This is the concluding part of Al Corbin’s adventure in repair of a Philco Mystery Control Radio.  Part 1 was in 
the March 2014 issue of Radio Age. 
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The main spring that drives the keying switch was 
broken off at its end.  I found it not too difficult to 
heat the end red hot and form a new loop at the end 
and install a post to anchor the loop. 
 
It was difficult to achieve the specified 25 or so feet 
of range from the remote controller to the receiver.  
After trying long and hard  to tweak the circuits into 
more sensitivity, I gave in and simply doubled the 45 
volt supply battery in the remote transmitter.  This 
was effective, and I don’t suppose this is likely to 
spoof any nearby Philco Marvel Mystery radios on 
the block, or operate any garage doors. 
The keyer is, for practical purposes, simply a clock-
work mechanism.  Each time the dial is rotated to the 
target position, a mainspring is wound. The main-
spring causes the dial to return at a somewhat regu-
lated speed, its speed controlled by a large fan blade. 
A temporary battery pack is shown; the production 
battery consists of two C cells for filament power and 
a 30 volt B battery.  The large coil serves as the trans-
mitting oscillator tank circuit and also as the trans-
mitter loop antenna.   
 
Some difficulty was experienced with the local oscil-
lator in the main radio section.   This was the result of 
some old damage in the radio/phono selector switch 
contacts.  A similar problem arose in another section 
of that complex solenoid-actuated switch stack.  Ap-
parently, because of wear in the hardware coupling 
the solenoids to the switch assembly, lost motion 
caused the alternate-action switch circuit to energize 
the Radio and the Phono solenoids simultaneously.  
After searching for a proper fix (which would have 
been to replace the whole works), I elected simply to 
perform some minor surgery on the switch contacts to 

 continued from page 10 

compensate for the lost motion.  
That seemed to work. 
 
To make the set capable of playing 
more than just AM, shortwave, and 
phono audio,  I rigged a little cou-
pling circuit at the  phono input 
through which a user can plug into 
an I-pod or similar external storage 
device.  Here I simply resistively 
added the two channels (left and 
right) of the I-pod, feeding the re-
sult into the receiver audio line.  

  
At the time that I arbitrarily decided to call a halt to 
this project (career?) all systems were working rea-
sonably well, although the remote transmitter range is 
somewhat limited, and occasionally the remote vol-
ume control confuses “volume up” with “volume 
down”.  Having removed the dial glass at the start of 
the project, I reinstalled the dial and chartered a pro-
fessional to properly pack and protect the set for ship-
ment.  In the process, the glass dial was smashed and 
had to be replaced.  This seemed to be the final re-
venge of The Beast.                           

 
CONCLUSION 
The finished product of my several months of spo-
radic effort is by no means a restored set.  It is better 
described as an interesting old piece of American ra-
dio history, recycled from near junk condition.  There 
are several areas of operation that are not 100 percent 
functional.  The pushbutton assembly shows signs of 

(Continued on page 12) 

Dial warpage on the remote controller (left) and “Unwarp Special” press 
(right), ready for the 150°F oven treatment. 

The Beast, at delivery time, rear view. 
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age and wear in that a couple of the buttons do not 
lock in place when depressed.  To correct this prob-
lem would involve disassembly of the entire assem-
bly, likely causing more damage than good.  To really 
do justice to the restoration of a set of this quality and 
complexity would probably require a donor chassis to 
cannibalize for the most complex components.   
 
The radio exhibits excellent operating quality, with 
rich audio tone that will no doubt improve when the 
chassis is installed in its large wooden console with a 
good speaker system.  The radio circuit is considera-
bly better than average of the period, as would be ex-
pected, with an extra IF stage, push-pull output stage 
and an unusually quiet front end.  Surprisingly, there s 
no preselector (RF) stage. My limited knowledge of 
receiver design would suggest the set might be sub-
ject to image reception at the higher frequencies.   
 
Chances are, in the future, after the gee-whiz features 
of the Marvel Mystery Control has been demon-

(Continued from page 11) strated, adult bever-
age in hand all 
around, it will rarely 
be used, although that 
is where most of the 
complexity of the set 
resides.  With not 
much to choose on 
AM other than talk-
radio and play-by-
play ball games, the 
best use of the set 
may turn out to be the 
I-pod input capability, 
through which any 
recorded audio may 
be played.  The I-pod input combines the two chan-
nels of a stereo recording into a monaural channel of 
excellent quality.  
 
§§§§ 
 

FOLLOW-UP ON W-K ORIOLE RADIOS 
BY ED LYON 

 
Ever since working with Joe Sousa on the Winther-Kenosha Oriole radio article [1] that appeared in these pages in Janu-
ary2014, this author has been intrigued about the early employment of cathode follower amplifier stages in radios.  There 
have been precious few, and any search for the earliest always brings one back to the Winther Brothers and the Oriole ra-
dios. 

It appears that Anthony Winther was feeling his way along 
in uncharted territory as he designed his series of Oriole 
radios.   By that I mean that he was trying an entirely novel 
approach in attaining amplification in a tube circuit (the 
cathode follower, or grounded-plate amplifier) that had not 
been investigated by the usual experts.  Whether his moti-
vation was dodging infringement of patents on or intui-
tively brilliant pure research is not known, and his designs 
escaped the critical attention of the rest of the industry.  
Indeed, if the few Oriole radios now safely in the hands of 
collectors had not survived the 85 or so years since they 
were built, we would blissfully believe that the cathode 
follower circuit had been devised perhaps 10 to 15 years 
later, and by audiophiles, not radio frequency engineers. 
 
Winther’s U.S. patent (1,700,393, applied for in 1925) de-
scribed and showed the essence of his revolutionary circuit.  
While not yet familiar with the concept of negative feed-
back, he apparently realized the maximum voltage amplifi-
cation of each RF amplifier in the two-cathode-follower-
stage circuit shown in the patent was somewhat lower than 
one.  He then inserted a step-up transformer fed by each 
cathode follower, and regained the voltage amplification 
desired.  A search of related patents discloses that nobody 
patented a cathode follower amplifier circuit before Win-

ther’s.  At the same time, nobody gives him credit for the 
invention of this much-used circuit, either.  Web searches 
generally credit the invention of the cathode follower to a 
fellow named White, but then usually explain that Blum-
lein, of EMI in England, most certainly predated White 
with the circuit, but both these fellows were doing their 
work ten years after Winther.  
 
Now, it’s entirely possible that some experimenters tried 
many of textbook tube circuits, and, along with most of the 
world’s patent attorneys, were completely mystified by the 
way the erudite textbooks and patent application drawings 
often educated the unwashed how the triode vacuum tube 
amplified signals.  These texts often generalized where the 
output load of the triode was located, especially when they 
wanted to illustrate that it was the cathode-to-plate-to-B-
battery-to-cathode loop that formed the output circuit, and 
the load resistance or transformer was inserted into this 
loop circuit.  Anywhere in this loop.  The current flows 
uniformly throughout this loop, so the draftsman doing the 
book or patent illustration placed it in various places in that 
circuit, including between B-minus and cathode (filament).  
It’s almost a certainty that some experimenters made a 
hookup that had the output load resistor between cathode 
and B-minus, and found the voltage amplification quite 

Side view of finished Beast. 
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low, somewhere less than unity. So their notebook likely 
became annotated: Don’t use this circuit!  No gain! 
 
Winther may have stumbled on it, as well, but he was thor-
ough enough in his investigations to realize that he had 
discovered an amplifier that could be extremely stable, and 
free of the well-publicized plate-to-grid capacitance en-
hancement, and the misery it causes the amplifier.  John 
Miller had, by this time (1924 or 1925) already written his 
valuable paper on the problem, and we have already ex-
plained his contribution in the January 2014 Radio Age 
article.  Winther must have done comparative measure-
ments, against others’ TRF circuits, and found he could 
match their net amplification figures with an inherently 
stable radio, not needing neutralization or grid-spoiler re-
sistors, and which could use positive feedback to attain 
very high amplification that was well-behaved and easily 
adjusted, unlike most contemporary Armstrong circuits. 
 
The particular W-K receiver most closely derived from the 
Winther patent was called generically Model 7, and among 
the known examples in collectors’ hands, we know of a 
Model 7B, a modest variation on the Model 7.  Greg 
Hunolt, of the Wisconsin Antique Radio Club, Inc. 
(WARCI), has investigated the Oriole Model 7B and 
shows, on the WARCI web site a schematic he traced from 
a Model 7B Oriole radio.  This schematic deviates slightly 
from the Winther patent drawing in that Greg’s rendition 
shows feedback from the output of the detector stage to the 
input of the second cathode-follower RF amplifier stage.  
Presumably the objective here would be to increase the 
voltage gain of the overall receiver. 
 
Now, it turns out that Gary Alley also has a clean, like-new 
W-K Oriole Model 7B, which Gary has kindly loaned to 
this author for examination.  A quick look disclosed the 
two-cathode-follower stages as RF amplifiers following 
the rather straightforward antenna coupler tank circuit.  
There is what looks superficially like a feedback tickler 
coil with variable coupling to the input tank circuit of the 
second cathode follower.  Both Gary and I looked closely 
at the feedback coil, and it appeared to have a solid metal 
ring instead of a coil of wire, and it looked like the ring 
was grounded, by way of its connection to the adjusting 
shaft.  This shaft had a wiper or brush that gave it a good 
ground connection.  If all this were true, then the adjust-
ment knob and shaft actually changed the inductance of the 
second RF stage (the second cathode follower) by coupling 
a shorted turn to that coil. 
 
I took the Oriole Model 7B home for a better look, and by 
removing the chassis and front panel assembly as a unit, I 
was able to look closely at this “shorted turn” thing, and 
found it was, indeed, a very well hidden coil of DCC mag-
net wire, one end grounded, by way of that wiper we had 
seen earlier, and the other end of the coil connected to an 

(Continued from page 12 
 

Visit the Radio & Television Museum 
 

2608 Mitchellville Road 
Bowie, MD 20716 

301-390-1020 
Hours: 

10 to 5 Fridays 
1 to 5 Saturdays and Sundays 

Exit from Rt. 50 at Exit 11 (Rt. 197) 
Take Rt. 197 South for 0.9 miles 

Right on Mitchellville Road for 1.3 miles 
Free admission, but donations encouraged 

insulated post by means of a length of copper braid 
wrapped around, but carefully insulated from, the control 
shaft.   This insulated end of the coil runs under the chassis 
to a capacitor, thence to the detector plate, just as Greg 
Hunolt’s schematic showed.  Our conjecture that this was a 
fine-tuning scheme turned out to be a red herring after all.  
But what a beautiful piece of workmanship this feedback 
control is!!  I would have liked to try the radio, but Gary 
had reminded me that the audio transformers both had open 
windings.  Oh, well, maybe some day. 
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The pictures here show what this wonderfully engineered 
radio looks like up close.  Some of the highlights are: 

1. Each of the bifilar windings for feeding filament 
power to the cathode follower stages is carefully 
space-wound to make the coils uniform in pro-
duction.  To achieve uniform spacing between the 
windings, lacing twine is wound between the 
wires making up the bifilar pair. 

2. The output tank circuit of the first RF amplifier 
(the first cathode follower) has a very low induc-
tance (three turns, level-wound) bifilar primary 
and a relatively high inductance spider-wound 
secondary, offering a high step-up ratio and loose 
coupling.  The effective Q of this secondary is 
raised by the feedback. 

3. The second RF amplifier stage (another cathode 
follower) has an output transformer with twice the 
number of bifilar primary turns, also space-wound 
with twine between the wires in the coils,  and a 
secondary that looks like that of the first stage.  
Both these RF amplifiers are tuned by means of a 
Hammarlund ganged variable capacitor.  

4. The second RF amplifier feeds a standard grid-
leak detector stage, whose operating point was 
moved to a high-curvature electron-starved part of 
the characteristic operating curves not by the 
usual practice of requiring another low-voltage B-
battery, but by adding a fixed 6-ohm resistance 
wire coil in its filament wiring path to reduce its 
filament current.  To keep this coil of resistance 
wire neat and untangled it was wound as a sole-
noid around what appears to be a spaghetti-
sleeved bus wire connecting the detector filament 
into the same A-supply as the rest of the tube.  
Trick is, however, that the spaghetti tubing care-
fully hides a quarter-inch-long break in this bus 
bar.   

 
Sure makes one want one of these fine (and rare) radios.  
Check the pictures. 

(continued from page 13) 

Top view of Oriole Model 7B chassis (made of a type of 
“Bakelite” called Condensite. 

Close-up of first cathode follower output trans-
former (top, center), with adjustable feedback coil 
just below it. Its shaft is geared to control shaft. 

Lower picture shows same coils from rear. 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: JFRADIO@aol.com 
 
F o r  S a l e :  R C A / N i p p e r 
Maintenance mats, new old stock 
(probably 1980s), red vinyl, black 
cloth backing, 51 by 31 inches, 
1.3 lbs. Two Nipper (dog and 
Victrola) logos with words"RCA 
Replacement Parts" in white at 
top and bottom. Mats were 
intended for use by technicians 
repairing electronics in your 
home. Mint, folded in original 
stapled plastic bag, with insert 
printed "RCA Stock # 1F8084". 
Fine display table coverings. $43, 
or two for $80, postpaid in U.S. 
Email or phone for picture or 
more info.  Alan Diamant, 108 
Redwood Drive; Madison, AL 
35758; 256-325-4600, email: 
amdiamant@aol.com.  
 
For Sale:  Reproduction knobs 
and rubber parts for vintage/
antique radios. (Latest product: 
lever buttons and push-buttons 
for Belmont table radios) See 
www.RenovatedRadios.com to 
see the full selection of radio 
parts. Or call: (586) 876-9802 
(Leave message)  Ed Schutz 
b l a c k s m i t h @ 
RenovatedRadios.com 
 
FOR SALE: VINTAGE RADIO & 
AUDIO PARTS BUSINESS. 

 I have been selling radios,  
audio, tubes, Sams, books & parts on 
the internet since 1998 at vintage-
electronics.com & by catalog for 
almost 20 yrs before that. However, 
the warehouse I've been renting  is up 
for sale & I might not have a home for 
all these items in the near future so it's 
time to downsize. For that reason, & 
the fact I'm not getting any younger, I 
plan to sell parts of the business.  I am 
offering for sale the Parts, Sams & 
Books segments of the business. The 
prices are very reasonable for any or 
all 3 of those businesses. Please 
c o n t a c t  J o h n  K e n d a l l  a t 
v in te l@comcas t .ne t  for  more 
information.  
 
ANTIQUE RADIO REPAIR 
SERVICES 
If you have a vacuum tube radio that 
you need help with,  we offer repair 
work, at a fixed fee, to put your old set 
back into its original operating 
condition.  The standard fee is $100  
plus cost of parts and shipping.  

Typical parts costs are:Capacitors $2 
each,  Filter caps $3, Resistors $1.  
Tubes average about $7 each.  Labor 
fee for a radio with more than 10 
tubes is somewhat higher. Typical 
repair billing is about $125. Unless 
otherwise agreed, work is limited to 
complete electronic and minor 
mechanical work, including thorough 
cleanup,  alignment and test, minor 
paint touchup,  but not full cosmetic 
restoration.  
Alfred Corbin, tslfwb@aol.com 
261 Ventura Circle 
Fort Walton Beach 
Florida 32548 
850-862-2923 

 

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. 

AN/APT-4 Broadloom jammer transmitter and its crossed-dipole circu-
larly-polarized broadband antenna (photo and drawing) on  B-17 or B-
24 bomber, and used against German Wurzburg radar (see p. 9). 
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MAARC Your Calendar! 
 

Sun., May 18 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table: 3-tube radios. 

Thu-Sat, June26-28 The BIG ONE.  RadioActivity-2014 at the Holiday Inn, 
Timonium, just a few hundred yards north of the 
Baltimore Beltway off Interstate 83, in Timonium, MD.  
See full details in either March or April issue of Radio 
Age.  Registration desk opens at 6:30 pm Thursday 
evening. Ephemera and tube auction at 7:30 Thursday 
evening. 

Sun., July 20 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Program: Vintage radio video; Display table: 
advertising and ephemera. 

Sun., July 20 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Program: TBD; Display table: 4-tube radios. 

 

Hamfests:  —check the ARRL website, www.ARRL.org 
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