
 

THE MILITARY STRUGGLES TO HIGHER FREQUENCIES 
BY ED LYON 

 
In the early 1930s several groups of radiomen began getting worried about the rush of communicators upward in 
the frequency spectrum, from the low and medium frequencies (say, 200 kHz to 2 MHz) to the shortwave bands, 
from 3 MHz to 25-30 MHz.  They realized the main impetus for this transition in operating frequencies was to get 
distance communication at low transmitted power.  Trouble they saw was that there are many instances where 
only short ranges are desired, and any “leakage” of the transmitted signals beyond this might be not only un-
wanted, but perhaps dangerous. This is a story about how they managed to upgrade their capabilities by a change 
in operating frequencies—and their design philosophy, too. 

T HE U.S. Naval Research Laboratory (NRL, in 
nearby Anacostia, DC) was a pioneering 
force during the mid-1920s in the rather 

rapid development of shortwave radio signaling, 
primarily for point-to-point communications. Hams 
flocked to these new operating frequencies, seeing 
the economy (and personal challenge) of achieving 
long-distance contacts at modest power levels.  Many 
of the engineers and scientists at NRL were also 
hams, and had gained first-hand experience in these 
then-new trials of HF or shortwave signal propa-
gation, and were excited by how often they could 
send very readable messages halfway around the 
world on a handful of watts’ power.  But the 
international broadcasters also saw what was hap-
pening at shortwave frequencies, and joined in the 
push for operations in this new area. These 
worldwide propaganda proponents wanted to flood 
distant populations with their messages of hope and 
awe, using huge antenna farms that floodlit entire 
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countries a thousand or more miles distant, driven 
by purpose-built shortwave broadcasting trans-
mitters, and these commercial communicators ap-
preciated shortwave’s economy in getting messages 
to masses of individuals and cooperating re-broad-
casting sites.  The main Navy retained their hold on 
VLF and LF signaling, though, for the worldwide 
“Fox” broadcasts aimed at the scattered fleet at sea 
and under it [1]. 
 
But less than five years later, about 1930, these 
same ham-type NRL staffers, many of them work-
ing for Dr. A. Hoyt Taylor, one of the NRL founders 
[2], got concerned with such issues as message 
privacy and inadvertent (or deliberate) interference 
with other messaging going on in far distant places, 
both senders using the same shortwave frequency.  
They were also getting very concerned about the 
crowded nature rapidly developing in the shortwave 

(Continued on page 3) 
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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. 
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spectrum, what with all the newcomers jumping into 
the spectrum to transmit their messages.  The privacy 
issue was prompted by the perceived need for secrecy 
in both the contents of the message being sent and the 
very fact that a transmission is taking place, and from 
where.  NRL’s parent organization, the U.S. Navy, 
had definite need for short-range communications, 
such as between ships in a flotilla, with assurance that 
the signals exchanged among the participating ships 
would not escape the local area and fall into the grasp 
of unwanted eavesdroppers located elsewhere.  
Certainly the shortwave bands failed to meet these 
kinds of needs, their main strength being the efficient 
propagation to places up to thousands of miles distant 
via bounces or hops between the earth’s ionosphere 
as an almost mirror-like upper surface, and the earth 
as a lower one. 
 
At the same time, the emergence of commercial 
aviation was taking place all over the world, and gov-
ernments stepped in to regulate such things as 
methods of communication with the aircraft crew and 
the use of navigational radio signals for guiding the 
aircraft crew in periods of poor visibility or uncertain 
terrain.  Here in America, at the start of the 1930s, the 
Federal Radio Commission (FRC) granted to civil 
aviation several exclusive operating frequencies, 
including 278 kHz (about 1080 meters wavelength), 
well below the broadcast band, for sending Morse 
messages to the aircraft in flight, and 3105 kHz 
(about 96.6 meters wavelength) for sending from 

(Continued from page 1) aircraft to ground stations, using voice modulation 
(A3).  The ground-to-aircraft long-wave transmis-
sions needed fairly large antennas at the transmitters, 
but had necessarily small antennas aboard the air-
craft; the 3105 kHz air-to-ground channel was 
usually only needed for short ranges, except in the 
case of large long-range airliners, where there was 
room for longer transmitting and receiving wire 
antennas, enabling longer flights away from the 
ground stations while maintaining radio contact.  But 
in both air-to-ground and ground-to-air signaling, 
considerable interference with other aircraft and other 
ground stations often occurred, mainly after dark.  
This effect alone tended to limit most flying to 
daytime periods, except at and between major 
airports where serious runway and marker lighting 
was employed, along with higher-grade transmitters 

(Continued on page 4) 

The extremely simple BC-1023A marker beacon receiver, 
made to receive the 75 MHz civil aviation or military aero-
nautical fan-marker signals.  This radio had 3 tubes: RF 
amplifier, detector/audio amplifier, and audio output am-
plifier, and it operated on 12 or 24 volts d-c, with no other 
plate supply.  It simply sounded a beep and turned on a 
light whenever the plane carrying it passed over one of 
the airways markers or landing approach markers. 



Radio Age i November 2014 MAARC’s web site: www.maarc.org         page 4 

ionospheric sounding equipment like the set they had 
built for ionospheric physicists Greg Breit and Merle 
Tuve in their epochal measurements of the height and 
hourly variations in the iososphere back in 1925-26, 
and had seen, first hand, what the Navy needed and 
what the airlines could also find useful.  Since 
signaling at frequencies that were refracted 
downward by the ionosphere allowed the signals to 
propagate great distances, the trick is to signal at 
much higher frequencies, those that penetrate the 
ionosphere, never to return to earth.  By 1930, they 
had expanded the ionospheric sounding work to 
running serious experiments in the novel art of radar 
(then just called radio signal reflection-measurement) 

(Continued on page 5) 

and receivers. 
 
By 1937, the FCC (successor to the 
FRC) had expanded the airline 
usage to include two shortwave 
channels, 3105 and 6210 KHz, and 
had reduced the approved power 
levels of the ground transmitters (at 
278 kHz) so that they were heard 
over only about 30-35 miles range 
[3].  It will be noticed that the two 
shortwave frequencies are related: 
the new one, 6210 kHz, is twice the 
frequency of the older one.  This 
meant that the transmitter aboard 
the aircraft needed only to be 
modified by adding a frequency 
doubler stage, obviating the need 
for another quartz crystal. At the 
same time the legal requirements 
on airline pilots were increased, 
such that all pilots had to carry at 
least 3rd-class FCC radio (phone) 
licenses, the minimum licensing 
issued, which enabled the pilot to 
operate a transmitter, but not adjust 
it in any way.  Interference among 
airliners calling an airport, and 
interference among airport signals 
at 278 kHz continued to plague the 
airlines, making their crews’ 
direction-finding tasks difficult and 
requiring patience and discipline 
among the several crews who 
might be approaching the same 
airport at nearly the same time.  
Even the airways markers, those 
beacons operating at longwave 
frequencies, were causing trouble, having fan-shaped 
beams that were too broad and indistinct, forcing 
pilots to strain to detect faint increases or decreases 
in loudness of the beeps to estimate whether he had 
passed the marker yet, in socked-in weather.  The 
Civil Aviation authority announced a radical 
improvement here in 1938: the plan for installing 75 
MHz fan markers [4], having very thin upward-
directed beams that indicated precisely when a plane 
flew through them.  This would be the first step in the 
airline industry’s gradual upward swing in navigation 
signal frequencies. 
 
At NRL, Taylor and his staff had been using 

(Continued from page 3) 

The Navy TBS transmitter (top) and receiver (bottom).  These were 
VHF shipboard voice-modulated sets that enabled bridge-to-bridge 
conversations between ships in a task force or fleet, developed origi-
nally by NRL, and manufactured by RCA, they were the first success-
ful intra-fleet radios.  DeForest’s 1907 Radiophone was the first un-
successful one.  Photo courtesy Leo C. Young Estate. 
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out the Navy’s Model TBS (for Talk Between Ships) 
transceiver, carried on every ship in the Navy during 
the war. The operating frequency range was trimmed 
to 60-80 MHz, a range that allowed simplified feed to 
a single antenna, suitable for everything from 
amphibious landing craft to battleships. 
 
Western Electric (WE) was not seriously 
disappointed to have lost out to RCA in that 
procurement, though, since they had also been busy 
with the aviation community and a small avionics 
house in Boonton, NJ named Aircraft Radio 
Corporation (ARC).  Both WE and ARC were 
cooperating with the Army’s Aircraft Radio 
Laboratory (ARL) in Dayton, OH, and the Army’s 
Signal Corps at Camp Vail, later Ft. Monmouth, NJ.  
These organizations were struggling with the needs 
of airmen in the military, who were fairly certain they 
would be needing radio communications equipment 
in quantities of many tens of thousands in the near 
future, based on the news streaming from Europe.  
But the real problem facing this development was 
that the Signal Corps and ARL were hardly on 
speaking terms with each other.  
 
The problem probably started back in the days of 
Orville and Wilbur Wright, who received the very 
first purchase order for an airplane from the Signal 
Corps in 1910, an event that gave the Signal Corps a 
feeling of “plank ownership” of aeronautics in the 
Army.  Those aeronautically-inclined engineers and 
managers in the Signal Corps realized just after the 
First World War that aircraft development was racing 
forward at high speed, but capabilities for aircraft 
crews to communicate with their compatriots on the 
ground or with each other was not keeping pace.  
This was felt to be largely due to age-related bias, 
where the senior officers’ thoughts tended toward 
trench warfare and away from innovation in the 
Signal Corps, a problem that was not helped by 
Congress’ continual budget-cutting during the lean 
years of the Great Depression. 
 
These revisionists succeeded in setting up a 
competing laboratory just after World War I at 
Dayton’s Wright Field, where the aim was to get 
radio and electronics equipment developed in a way 
that made it integral with the aircraft, thus helping to 
eliminate harmful physical and electrical interference 
between the communications (and avionics) and the 
rest of the aircraft: engines, fuel, weapons, hydraulics 
systems, aerodynamic controls, weight and balance 

(Continued on page 6) 

at higher frequencies than used in their initial tests in 
1926, pushing the vacuum tubes of the time up to 
about 100 MHz.  This gained them valuable 
experience in circuit techniques at these higher 
frequencies.   
 
During the 1930s, NRL had developed good working 
relationships with Bell Labs and the Bell 
manufacturing/engineering arm, Western Electric, 
who, along with Eimac [5], had supplied them with 
some nifty experimental tubes workable up to 200-
300 MHz in their radar work, and who showed 
interest  in  bui lding any “ul t ra-high-
frequency” (technically Very High Frequency, or 
VHF) devices that the Lab needed.  The at-sea 
Navy’s needs were simple: devise a family of small 
transmitter-receivers that could be used within the 
fleet, from ship to ship, and not requiring the 
formalized sending or receiving from the main radio 
room aboard the ship.  What the Navy seemed to 
want was a phone line from bridge to bridge, 
allowing direct voice contact between ship skippers 
or helmsmen. 
 
By 1938, NRL had built and tested a VHF transmitter 
and receiver that almost met the needs of the fleet.  
Only problem was their equipment (Models XP 
transmitter and XJ receiver) had a transmitter that 
was way too large and heavy for the semi-portable 
use envisioned by the fleet, but operable, anyway, by 
employing headphone-jack and microphone-jack 
panels distributed around the bridge of the ship, 
wired to the XP and XJ units located below decks.  
This gear operated over a 14 MHz to 75 MHz range, 
which would allow extensive experimentation at sea 
to find what frequency range was optimum from a 
reliability and readability viewpoint.  This VHF set 
was the Navy’s first equipment using screen-grid 
tubes at such high frequencies, and it also used 
crystal frequency control to eliminate mistuning by 
sailors and the need for wavemeters [6].  It was not 
bought in quantity, owing to its size, but was enough 
to convince the Navy brass to go to VHF (then 
popularly called “ultra-high-frequencies”) for their 
intra-fleet communications, following extensive tests 
among four major ships (two battleships and two 
carriers) and a submarine, in the Atlantic.  NRL had 
engaged both Western Electric and RCA in the 
engineering of the XP and XJ, so that any production 
quantity the Navy might buy would be as certain of 
success as was the original prototypes just tested.  
RCA won the production contract award and turned 

(Continued from page 4) 
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Mission, took place in Washington, New York, and 
several Canadian cities, led by Henry Tizard, in 
August and September, 1940. 
 
This is the historic visit during which the British 
showed their progress in magnetron-based 
microwave (3000 MHz) radar, VHF (100-150 MHz) 
radio communications, and many other scientific 
areas. In radar, aside from the magnetron issue, the 
Americans learned of the British Chain Home 
shortwave-band (26 MHz) air-defense search radar 
and the vaunted ASV radar (ASV indicated it was 
“air-to-surface vessel” in purpose; it operated at 175 
MHz) used to search for surfaced U-boats at night or 
in any low-visibility conditions, by patrol aircraft. At 
this time, the U.S. had long-range land-based Signal 
Corps-developed search radars operating at 100 and 
200 MHz, the SCR 268, SCR-270, and SCR-271 
series [7].  The U.S. also had several fully operational 
NRL-developed naval shipboard search radars 
operating at 200 MHz and advanced-trials-stage 
naval fire-control radars developed by Western 
Electric and Bell Labs, operating around 400 MHz 
[8].   The Signal Corps radars and the naval search 
radars all used NRL’s ring-oscillator as their 
transmitting device.  This clever high-powered 
oscillator had four (or eight, or sixteen) power triodes 
in a ring-like arrangement, with the tubes connected 
in pairs.  For four tubes, imagine them placed at the 
corners of a square pattern with the upper two tubes 
and the lower two tubes wired with separate push-
pull input tank circuits, while the right pair and left 
pair would be wired with separate push-pull output 
tank circuits.  At these frequencies the tank circuits 
were two-wire transmission lines about a quarter-

(Continued on page 7) 

limits, and exterior streamlining. But ARL was just a 
laboratory, issuing development contracts as needed, 
and had to return to the traditional Signal Corps for 
larger mass production contract work.  The tension 
between these two organizations continued 
throughout World War II.  To compound the problem 
between these two Army units, there was direct 
interference in their work by both the Executive and 
Legislative branches of government, at the highest 
levels.  It had to do with American assistance to 
Britain in the three or four years before we were 
actively engaged in World War II. 
 
ARL engineers were not above borrowing ideas and 
radio circuit designs from whomever seemed to have 
a good one, especially one that had been field-tested.  
This was a convenient philosophy to have in the 1939
-41 period.  For this was the period the U.S. 
Administration was pressing for Lend-Lease 
authorization, allowing  military materiel to be 
loaned to Britain and France, in exchange for base 
rights in several western hemisphere locations, such 
as Newfoundland and Bermuda, and for ARL it 
brought some novel British ideas to their attention.  
As Britain rapidly geared up for full-scale war in 
1939, it became obvious that any extensive 
bombardment of the island nation by German forces 
could cripple military equipment development and 
production in the U.K.   So, an agreement was made 
among the military, industry, Parliament, and the 
Prime Minister to exchange sensitive design and 
performance information with U.S. counterparts, in 
the hope that the U.K. could rely on American 
industry and science to supplement their own in the 
development and production of war materiel. A major 
such exchange, popularly known as the Tizard 

(Continued from page 5) 

 
FOR THE RECORD: 
 
The September meeting of the Mid-Atlantic Antique Radio Club was held on the 21st at the Davidsonville Fam-
ily Recreation Center, Eric Stenberg presiding.  At this meeting a slate of candidates for the board of directors 
was announced.  The attending members voted all the slate into office by show of hands.  The slate is as listed on 
page 2, this issue of Radio Age.  Full contact data for new members of the Board, and a new Vice President will 
be listed in future issues of Radio Age. 
 
It is with some sadness that we lose the vice presidential efforts of Steve Hansman, but his new apopointment at 
his place of work has been consuming enormous levels of his effort, and he feels he has to devote more time to 
the job for at least a while.  Meantime Pres. Stenberg will submit a name as acting Vice President for the board’s 
approval soon. 
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wavelength long.  NRL 
had come up with this 
circuit as a way of 
obtaining much higher 
power levels without 
sacrificing the upper 
operating frequency limit, 
as happens when tubes 
are connected in parallel 
to get higher power. 
 
Immediately after the 
Tizard visit NRL was 
tasked to “Americanize” 
the British ASV airborne 
search radar for finding U
-boats.  They converted 
the tubes used to 
American types and 
changed hardware as 
needed, producing what 
was called the ASV-C, 
which nomenclature 
NRL’s Leo Young 
claimed meant “ASV 
Copy,” operating on 176 
MHz.  In the transmitter, the original British 
“Micropup” tubes, connected in a push-pull power 
oscillator, were changed to RCA 801 or Western 
Electric 710-A types.  During tests of the transmitter 
in early 1941 Taylor suggested they privately try out a 
ring oscillator arrangement.  He wanted to see if their 
new ASV-C radar could get the same or higher power 
with smaller tubes, and allow boosting the frequency 
to 300 MHz, or thereabouts.  Taylor realized that the 
need was for higher definition in the search radar, and 
smaller, less aerodynamically-offensive antennas, 
both enabled by a boost upward in frequency.  The 
British ASV antennas on their sub-chasing aircraft 
(commonly Short Sunderland four-engine flying 
boats) were arranged with one yagi under each wing 
plus an end-fire row of whip-monopoles down the top 
of the fuselage;  all these were  precarious when 
crammed onto smaller aircraft such as might be 
needed for carrier-launched anti-submarine patrols.  
Taylor was elated when his engineers Young and 
Hyland told him of the new Eimac 15-E triodes, 
which, in a four-tube ring oscillator, could be pushed 
to 600 MHz with some effort, but ran comfortably at 
500 to 525 MHz. These same tubes had been tested in 
Hyland’s experimental radio altimeter, so he had 
some experience with operation at these frequencies. 

Continued from page 6 

 
 Along with the 525-MHz ring oscillator in the 
transmitter, they had got the British ASV receiver 
front end circuit replaced by a small sub-chassis with 
two RCA 955 acorn tubes (local oscillator and mixer), 
to convert the 525 MHz incoming signals to an IF 
amplifier they had built. Other engineers at NRL had 
been involved in the talks with the British during the 
previous September, and remembered the warning not 
to eliminate the two-stage RF amplifier ahead of the 
mixer because of German efforts to jam the ASV 
receiver by radiation of high-powered signals at the 
IF frequency or at the image frequency.  NRL saw 
difficulties devising an RF amplifier at over 500 
MHz, so they resorted to double conversion, with the 
first IF at 55 MHz, converted again, after two 55-
MHz IF stages, to the final 15-MHz IF, which 
eliminated the problem handily.   Last step was 
trimming down the span and complexity of the 
antennas. 
 
The British Sunderland patrol planes that carried their 
ASV radars had the end-fire row of whips running 
longitudinally down the fuselage top, serving as the 
search antenna system.  In flight, the whips were 

(Continued on page 9) 

A draftsman’s illustration of NRL’s four-tube ring oscillator using Eimac 15-E 
tubes, operating at 525 MHz.  This drawing was taken from a student’s work-
book used in classes at MIT’s Navy Radar School in April 1943.  Although it 
still bears the security classification mark, it is unclassified at this time. 
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The British and American scientists and engineers 
knew that lab tests in the early stages of such devel-
opment were often done by excited engineers and 
technicians who were likely to be unable to take the 
care to keep all the tests completely contained in 
shielded rooms, and would let some signals escape 
via wiring, test instruments, and the like.  They had 
first-hand knowledge of how difficult it is to maintain 
perfect seals in transmission lines, chassis bypass 
connections, and power wiring RF bypassing. The 
ferret flights went on all through the 1942-43 years as 
radar-enabled Allied bombing began supplementing 
ordinary visual bombing, and the risk that an airborne 
radar would fall into the hands of the Germans kept 
increasing.  The ferrets never heard a peep from Ger-
man labs, in the 1000-3000 MHz band, but plenty in 
the traditional German 500-700 MHz radar bands.  
On two occasions a ferret plane got shot down, carry-
ing the AN/APR-1 receiver, and in one case, the 1000
-3000 MHz tuner was installed (In the other shoot-
down, in December 1942, the receiver was smashed, 
but the 1000-3000 MHz tuner was stowed in its stor-
age box, unharmed. 
 
In both cases, the receiver was carefully restored in 
German labs, and a small task force of scientists was 
gathered to see what the 1000-3000 MHz band tuner 
was all about.  Believing there was no practical way 
to generate radar-levels of power (kilowatts at a mini-
mum) at frequencies above what triode vacuum tubes 
could produce, the Germans argued for months about 
the strange tuner that seemed to be able to actually 
tune in small laboratory-generated signals from tiny 
vacuum tube oscillators.  Some scientists (e.g., Dr. 
Paul von Handel in the signals intercept group) saw 
that the receiver was a superhet, and used the tuner’s 
own RF amplifier stage and local oscillator stage, and 
suggested they reverse-engineer the tuners, both the 
300-1000 MHz unit and the 1000-3000 MHz unit, to 
see just how much power the  local oscillator could 
be made to produce.   Then they could do the same 
with the RF amplifier stage, perhaps obtaining 
enough output power to operate a radar good enough 
to enable blind bombing.  It might at least show how 
the Allies were succeeding in their bombing through 
overcast.  Certainly the tuners for these two bands 
were unlike any ever seen by them before; even the 
300-1000MHz tuner (pictured on p. 14) was unusual, 

(Continued on page 14) 

General Radio’s Prize Receiver, P540 
 

M OST of us have a microwave 
oven at home. It is called 
“microwave” because the 

radio-frequency signals that it uses to 
heat foods have very short wave-
lengths.  An AM broadcast station near 
the center of the dial has a signal with a 

300-meter wavelength; an FM station near the center 
of the FM dial has a signal with a wavelength of 3 
meters;  the signals inside the microwave oven have 
wavelengths of slightly more than one tenth of a me-
ter, or 4 inches.  While not microscopic, they were, in 
1946, when the oven was conceived, considered 
“micro-waves.”  In the oven, they are generated by a 
device called a magnetron.  
 
Britain was practically first to develop and exploit the 
magnetron, and they used it to power microwave ra-
dar transmitters, a development that made million-
watt precision radars possible. The British shared the 
work with the Americans and Canadians, who did 
further development and mass production of the mag-
netrons, other novel microwave devices, and remark-
able radars that eventually won the war.  And the Brit-
ish were keen to keep the development details out of 
the hands of the Germans, because they knew the 
Germans could and would produce an expert version 
of the weapon once the secrets of its basic operating 
principles and construction details were uncovered.  
To check, constantly, on whether the Germans had or 
had not stumbled upon the microwave radar secrets, 
and were hot on the development of microwave radar, 
both the British and Americans constantly overflew 
Germany in special “ferret” aircraft that carried radio  
receivers developed by Donald Sinclair and The Gen-
eral Radio Company, maker of the finest electronics 
lab apparatus of the time.  The receiver was the AN/
APR-1, the militarized version of the GR P-540 re-
ceiver, which used any of four plug-in tuners to cover 
the portion of the radio spectrum of interest.  The four 
tuners permitted receiver coverage from 30 MHz to 
3000 MHz (30-100 MHz, 100-300 MHz, 300-1000 
MHz, and 1000-3000 MHz). and the ferret flights 
always included passes over known German research 
facilities with the Band 4 tuner installed and sweeping 
in frequency, 1000 MHz to 3000 MHz.  This band 
was the one that would show any leakage radiation 
from laboratory tests of early microwave experimen-
tation. 

Tidbits 
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energized with feeder delays between whips, to 
produce a single broad forward-looking lobe.  This 
antenna illuminated and surveyed a broad swath 
ahead of the aircraft.  The appearance of a “blip” on 
the display scope showed how far ahead of the 
aircraft the target object was, as the patrol proceeded 
in its prescribed flight pattern.  The plane was flown 
along until the range had been shrunk enough that the 
target echo strength had grown to indicate it was a 
sure and steady target, and not just a glint off ocean 
waves..  When the range to the target had been 
reduced to 10 or 15 miles, the whip antennas were 
switched out and the two yagi antennas, one under 
each wing and aimed somewhat outward, were 
energized and alternately toggled into use.  This 
exaggerated “wall-eyed” technique yielded a much 
higher directivity indication, and let the pilot steer 
more exactly toward the target, this accomplished by 
the pilot flying in a direction that balanced the blips 
from right and left yagis.  When the range had been 
reduced to a mile or less, a powerful Leigh arc light 
was switched on, illuminating the target for 
identification and destruction, if appropriate, by the 
nose gunners.  NRL’s conversion of the ASV-C to 
525 MHz reduced the size of the yagi antennas to the 
extent that they could be under-wing mounted on 
little posts that could rotate to either look ahead or 
outboard, controlled by little motor-actuators, giving 
the same type result as with the British scheme.  
These yagis fit unobtrusively under the foldable 
wings of a carrier aircraft like the Grumman TBF.  
 
The resulting radar was called ASB by the Navy, of 
which there were several dash-number variants, the 
most numerous being the ASB-4 which would be 
used throughout the war, even being exported to 
Britain, where it was well-liked for its ruggedness 
and sensitivity.  It was replaced in some planes with a 
microwave version, called ASD by the Navy (and 
ASV-10 by the Brits), and was used in locations 
where there was evidence that German submarines 
were evading the ASB radars by use of their 
schnorkel air-breathing tubes, allowing them to 
operate the Diesel engines for nighttime battery-
charging while just under water.  The microwave 
ASD could detect the schnorkel head, itself.  The 
ASB series, though, continued use against all sorts of 
shipping targets, and had a field day in the Pacific 
against an enemy who had far poorer 
countermeasures capabilities, becoming the most 
used radar in the war.  Over 26,000 of these sets were 
produced, by RCA, Westinghouse, and Bendix Radio. 

(Continued from page 7)  
 All this about the ASB radar has been a parenthetical 
sidestep of the theme above relating the Air Corps’ 
Aircraft Radio Laboratory’s travails with the 
traditional Signal Corps.  But it is relevant to the 
notion that ARL was looking for radars and radio 
designs that had been proven, which they could build 
into Air Corps planes that were beginning to roll off 
U.S. assembly lines.  Thinking that an airborne radar 
was a keen idea, and unaware of the NRL work, ARL 
volunteered to get the British ASV reproduced and 
mass produced for air-to ground (or sea) search 
missions, the same task that NRL had done.  Well, 
sort of done, for NRL had gone the next step, not 
stopping at mere copying of the original design.  ARL 
asked the Signal Corps to take on the task, but the 
Signal Corps needed complete specifications rather 
than a working sample British radar set.  So a 
Canadian firm, Research Enterprises, Ltd., took on 
the task of “westernizing” the ASV for ARL, giving it 
the nomenclature ARL had specified, SCR-521.  
Eighteen months later, after drawings and abbreviated 
specs had been prepared, only a few successful 
examples had been produced, and ARL was 
becoming furious.  They learned of the Navy’s 
experience in duplicating the ASV, coming out with 
an improved version that was in mass production in 
several factories, but were loathe to ask for some of 
those sets for Air Corps planes.   
 
Others at ARL who had been present at the beginning 
of the ASV duplication fiasco, thought it smart to 
borrow already-made battle-proven electronics 
designs from the British, but became involved in 
other tasks, and lost track of the messy ASV 
outcome.  Their new assignment was to get a better 
command radio capability for large formations of 
aircraft, because in the standard airborne command 
radios operating in the shortwave bands, all the 
transmitters were manually tuned, and usually 
sloppily so, resulting in considerable missed 
communication [9].  The then-current command set 
was the SCR-274N, where the letter N indicated the 
design was a loathsome Navy idea.  The SCR-274N 
was in mass production, in many frequency-band-
segregated sub-models.  Most aircraft had to carry 
several, one for each HF band likely to be needed in 
the theater of war involved.  But the Tizard mission 
stressed the fact that VHF crystal-controlled 
communications from plane-to-plane and plane-to-
ground was essential in combat, such as with their TR
-1143 push-button-controlled command set.  So ARL 

(Continued on page 10) 
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sought such a command set, and the easiest way was 
to copy the British set. 
 
But the Brits were well ahead of ARL, here.  They had 
been invited by the U.S. Administration (and 
approved by Congress) to go directly to U.S. industry 
and buy what they needed for the war.  So the RAF 
came here looking to buy TR-1143 command radios, 
and went straight to Bendix Radio, a company from 
whom they had bought very fine radio compasses in 
the past, and ordered some sample TR-1143 
transceivers  for test.  When ARL found out that 
Bendix was already building the British VHF 
command radio, presumably Americanizing it so that 
it would be fitted with ordinary domestic hardware 
and American tubes, they went to Bendix and baptized 
the set SCR-522, then asked for 10,000 of them. 
 
 In the purchase agreement with the British, Bendix 
had made some bold assertions, though, one of which 
had to do with the two sub-models the British used, 
and needed.  One covered the upper half of the 100-
150 MHz band, the other covered the lower half.  
They both looked alike, and each had four push-
button-selected crystal-controlled channels available 
on the front panel.  The Bendix claim was that they 
could do the whole band in one set, obviating the need 
for planes to have to carry two sets.  The design 
worked out well, and the British immediately ordered 
thousands of the SCR-522s, re-Anglicized with 
British cable connectors and fittings so as to be able to 
slip into existing spaces in British aircraft. Owing to 
aircraft differences, British vs. American, however, 
American planes ordered by the British, like the P-51 
Mustang and Navy F4F and TBF carrier planes, were 
delivered to the Brits with American versions of the 
SCR-522, but the differences were taken in stride, and 
all seemed happy with the new VHF capability in 
warplanes. 
 
 In the European theater, all Allied planes carried the 
SCR-522 as a command set, and many planes also 
carried SCR-274N shortwave command sets as 
backup.  But in the Pacific a different air war was 
going on, with relatively small swarms of planes 
engaging the enemy, bombing, strafing, and shooting 
at the enemy’s planes.  There were no 200-plane 
bombing swarms, and the targets were generally 
either ships or small “battlefields” on islands.  But 
some things were common, between the European and 
Pacific theaters: one of the most critical was the need 
for close air support for the troops on the ground, 
whether they were in tanks or on foot.  Fratricide was 
far too easily committed owing to poor timing, 

(Continued from page 9) confused orders, poor visibility, and clever enemy 
movements that placed friendly soldiers in the wrong 
place.  In Europe, General Patton solved the problem 
by ordering his air liaison officer, B-Gen. E.R. (Pete) 
Quesada, to get him some precise close air support or 
don’t come back. 
 
Quesada knew that the Signal Corps had painstakingly 
outfitted all American tanks and signal trucks with 
VHF (well, almost VHF, 20-40 MHz) FM radios, 
which operated wonderfully, being crystal controlled, 
and not compatible with (or jammed by) German or 
Allied shortwave or VHF AM radios. As a result of this 
“electronic isolation” of American tanks, our aircraft 
could not communicate directly with them. So he 
grabbed a few dozen SCR-522 VHF aircraft sets, told 
the Signal Corps detachments assigned to Patton’s 
tankers to make power supplies and antennas for 
mounting the SCR-522s in tanks and trucks.  The 
installation was made and the tank commanders and 
truck crews now could talk directly with the fighter-
bombers flying overhead.  In the North African and 
European battles thereafter, Patton could order 
bombing, rocketry, and strafing runs made only 100 to 
200 feet from his tanks and infantry [10].  It was, in 
Kesselring’s words, “…a page taken from our own 
blitzkrieg book.”  Patton had known the Germans were 
expert at close air support of their infantry and panzers, 
but did not know how they did it so well, and found the 
answer was VHF voice-modulated radio, the Germans 
using 50-60 MHz sets in both tanks and Stukas, as 
early as 1937.  The German failure to continue to 
succeed was simply due to loss of air superiority. 
 
In the Pacific, we had need for similar capabilities, but 
lacking an experienced officer like Quesada, 
MacArthur’s Air Corps, under Gen. Kenney, was not 
up to the task, even though many tragic attempts took 
place.  Luckily there were several Marine Corps air 
groups assigned to learn air support of infantry while 
they were still in training in California prior to being 
shipped overseas. [11]  Reasoning that real-time 
communications between air and ground forces was 
absolutely essential, they urged the installation of VHF 
radios in the planes they would be using when they 
arrived in New Guinea.  The Navy had been 
stockpiling sets known as AN/ARC-4, each about four 
times the size of a single command (SCR-274N) 
transmitter-receiver pair, operating in the 100-150 
MHz range, just like the SCR-522, from which the AN/
ARC-4 derived.  This version of the British TR-1143 
VHF command set had multiple selectable channels, 
remotely chosen from the pilot’s side panel, and the 

(Continued on page 11) 
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voice quality was quite good, allowing real-time 
conversation between the aircraft crew and the troops 
below who they were trying to support.  The AN/
ARC-4 had been originally developed for 
commercial use by Pan American Airways operating 
military transport services, until Navy requirements 
took precedence in the production of the set.   
 
The only trick remaining was to get the ground troops 
to invest in a couple VHF radios of their own, as 
Quesada had done in Europe, mount them in jeeps or 
light tanks or trucks, and talk the attack through with 
the “fly boys” before attempting it.  In New Guinea, 
Solomons, Marianas, and Philippines campaigns, 
these trained Marines performed the highest quality 
ground force air support seen in the war, and they 
owed it to the capability to explain the situation to the 
pilot/gunner in real time, not from some theoretical 
situation imagined by an intelligence officer some 50 
miles and a day distant.  By the time the major battles 
at Okinawa and Iwo Jima were fought, most U.S. 
planes in the theater were equipped with AN/ARC-4 
or SCR-522 radios, and versions were field-modified 
to operate from jeep and truck batteries.  Some 
aircraft, like the Marine’s PB4Y (Liberator) used the 
pride of Western Electric, the AN/ARC-1, a special 
version of the SCR-522 that had autotuning, like the 
very famous Collins AN/ART-13.  This was a scheme 
that could tune the set to preset channels, all crystal-
controlled, but with the rest of the transmitter’s and 
receiver’s tuned circuits tweaked by a motor-driven 
gear train and shafts, while it used essentially the 
same tube lineup as the AN/ARC-4, and with a 
similar layout: receiver on the left and transmitter on 
the right in a deep coffin-like cabinet. 
 
Even the SCR-274N (later called AN/ARC-5) 
command radio series eventually had to add a 
transmitter and receiver pair usable at higher 
frequencies than the traditional shortwave bands. The 
services didn’t like it much, though, since it had six 
fewer channels than the 10-channel AN/ARC-1.  The 
AN/ARC-5 VHF receiver was called R-28, having a 
complicated motor-driven cam shaft and switch 
assembly for channel selection and tuning of the four 
preset channels, all crystal controlled. Both the AN/
ARC-1 and the VHF version of the AN/ARC-5 show 
the craftsmanship of Western Electric, but both were 
too complex for the hectic days of World War II, 
especially in the primitive support capabilities of the 
South and Central Pacific.  The AN/ARC-5’s R-28 

 continued from page 10 

receiver is one of the few radios that use the Western 
Electric 717A “mushroom” VHF pentode tubes as RF 
amplifiers.   
 
ARL had engineered the original shortwave AN/ARC
-5, or SCR-274N, series, a Navy concept that was in 
the planning stage at Aircraft Radio Corporation in 
Boonton, NJ, with roots in the old (1933-34) RU 
receivers and companion GF transmitters. The RU 
was an ancient TRF design that used plug-in coil sets 
not unlike the National HRO radios.  The SCR-274N 
had been pressured into existence by Navy brass who 
were appalled at the need for carrying boxes of plug-
in coil sets in aircraft for the RU receiver’s different 
bands, needed for good day-and-night 
communications at shortwave frequencies.  In a 
fighter plane, operated by a single person, swapping a 
set of coils in a radio that was probably behind his 
seat, followed by safe stowage of the replaced coil 
set, was found to be impossible, yet the RU and GF 
series went onward through many production runs, 
saved by the emergency design of dual-band plug-in 
coil sets that theoretically cut in half the number of 
coil units needed to be carried in the aircraft. The 
TRF design had been called for in a day when it was 
feared that the local oscillator of a superhet could 
radiate sufficient RF energy to be picked up by 
enemy ferrets, a factor that had been disproven by 
tests, but not quite convincingly so [12].  In 1935, the 
Army Signal Corps had copied the RU and GF for 
their first “command” radios in aircraft resulting in 
their SCR-183, later reluctantly accepting the ARL/
Navy-developed SCR-274N, and then sweeping all of 
them aside in favor of the Bendix-developed SCR-

(Continued on page 12) 

These MAG24 Marine F4U pilots took turns in radio 
jeeps working alongside infantry in the Philippines, 
coordinating strafing of enemy front line, 1944. 
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522 copy of the British TR-1143 VHF radio.   
 
Some sort of shortwave-band command receiver was 
still required in carrier-based planes, despite all the 
advantages of the VHF radios, in part just for the YE/
ZB homing system.  This was a system for getting 
special aircraft-carrier-locating signals into the long-
range aircraft receiver enabling the pilot to find his 
way back to his carrier from great distances, perhaps 
many hundreds of miles away, over a featureless 
ocean.  As explained in an earlier Radio Age article 
[13], this was accomplished through use of adapters 
mounted to either the SCR-274N or RU series of 
receivers.  The need for such homing capabilities that 
could be kept relatively secret from exploitation by an 
enemy required the use of long-range signaling, thus 
shortwave radios.  It was when the very existence of 
radio signals was not wanted outside the immediate 
area in which they were required that VHF and UHF 
line-of-sight radio became attractive and essential for 
the military. Of course, as Armstrong demonstrated in 
his VHF FM experiments in the mid-1930s, these 
higher operating frequencies allow use of wider 
bandwidths and more frequency-separation between 
signals in the waveforms in use, thus clarifying voice 
signals [14] and reducing interference probabilities.   
 
Today, line-of-sight signaling is practically the only 
kind used, so that when long range communications is 
required, the routing is via relay satellites and/or fixed 
relay transceivers, imitating the hops or bounces of 
shortwave signaling. In the modern military, 
communications frequencies are usually referred to in 
terms of GigaHertz (GHz), which are thousands of 
MHz, most current soldiers and their officers having 
grown up in the computer and cell-phone age.  But it 
has been a struggle to get from the shortwave band to 
where we are today. 
 
References: 
[1] Very Low Frequency (VLF) signaling remains the 
only way to get electromagnetic communications 
signals deep into the ocean.  The Navy’s maintenance 
of stations like NSS Annapolis was based largely on 
the need for communications with submarines. 
[2] NRL was founded in 1923, but Taylor had earlier 
been assigned to the Naval Aircraft Research 
Laboratory then located at the Naval Station near 
Bolling AFB, where he conducted research in radio 
control of drone aircraft. 
[3] The purpose was to reduce the interference to 
aircrews caused by their receiver picking up both the 
desired ground station and others that might be quite 

(Continued from page 11) distant.  It may be remembered that Amelia Earhart 
Putnam had trouble working with these two 
frequencies (Radio Age, May 1999, p. 11, and Radio 
Age, November 2003, p. 6 discuss this). 
 [4] By 1939, Western Electric had their Model 27A 
75-MHz receiver available for aircraft reception of 
marker signals (Morgan, H.K., Aircraft Radio and 
Electrical Equipment, Pitman Publishing Co., 1939, 
p. 264). 
[5] Eitel-McCullough, expert manufacturers of novel 
transmitting tubes in California. 
[6] Before crystal control of frequencies, wavemeters, 
or well-calibrated and stable receivers had to be used 
to set the operating frequencies of both transmitters 
and receivers throughout the fleet. 
[7] The National Electronics Museum in Linthicum, 
MD (where MAARC’s January meet will be held) has 
an SCR-270 radar on display. 
[8] And soon to be operated at 700 MHz thanks to a 
crash effort in magnetron development. 
[9] Plus heterodyne howls and whistles. 
[10] In preparation for Operation Desert Storm, Lt. 
Col. John Rothrock was tasked to draft a close air 
support plan for the forthcoming battle in Iraq.  He 
found Quesada’s plans at the Army War College 
library and copied them, updating them with current 
aircraft and weapons types and electronics nomen-
clature.  The plan worked quite well, and Rothrock 
earned a “full-bird” promotion as a result. 
[11] Sherrod, Robert, History of Marine Corps 
Aviation in World War II, Presidio Press, San Rafael, 
CA, 1952, pp 289, ff. 
[12] It may have been A. Hoyt Taylor, himself, who 
put the fear of superior German signals-intercept 
capabilities into the Navy’s thinking, driving that 
service to insist on non-regenerative TRF radios not 
only on ships, but in aircraft, based on his graduate 
schooling in Heidelberg. 
[13] Lyon, Ed, “The Yoke Easy-Zed Baker System,” 
Radio Age, March 2012, p. 11, ff.  Also followed up 
in Radio Age, May 2012, p. 10. 
[14] Except in the case of modern all-news FM radio 
broadcast stations, like WTOP in Washington, where 
the studio announcers are all hi-fi-equipped (ribbon 
and condenser mikes, etc.), but the bulk of interviews 
and “breaking” stories come from crude cell-phone 
connections that feature audio spectra that are rivaled 
by 1920s-age horn speakers or “Dixie-cup-and-
string” systems. 
NNNN 
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Here’s a somewhat biased review of the Volksempfanger, Nazi Germany’s answer to getting the 
“proper” news out to the populace, this article printed in Radio and TV Retailing, March 1945. 
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with its Karplus “butterfly” tuned circuits and elabo-
rate cam-operated lever to linearize the frequency 
dial. 
 
Did the Germans actually do anything about the AN/
APR-1 they had acquired?  No. Not really.  They 
made attempts to duplicate its mechanics, but con-
cluded that the purpose of Band 4, the 1000-3000 
MHz tuner, was propaganda – a ruse designed to in-
duce the Germans to waste valuable men and re-
sources on design of a receiving capability for which 
there were no signals to receive. Not until October 
1943 did they find an intact 3000 MHz BTO (bomb 
through overcast) radar in a British plane that bellied 
in at Rotterdam.  Finally, with this finding, they real-
ized the purpose of the ferret flights and the AN/ARC
-1.  The Rotterdam Committee was formed immedi-
ately, with orders from on high to produce an equally 
effective radar in an impossible 9 months.  It required 
15 months, and to the credit of the scientists, it 
worked fairly well, but to no avail.  Allied radars 
were also 15 months further ahead, they knew of the 
German radar duplication effort (largely based on the 
sudden appearance of test signals from labs and crude 
jamming attempts), and they had superb 3000-MHz 
radar countermeasures already fitted into planes.  For 
Germany it was too late. 
Ref.:  

(continued from page 8) 

GR’s P540 or AN/APR-1 receiver tuner for 300-1000 
MHz, showing butterfly tuners (top), and underside-
mounted cam/worm/lever scale linearizer (below). 

DON’T FORGET!!!  
 RADIOWINTERFEST 2015 

 
The January 2015 MAARC meeting will 
be held at the National Electronics Mu-
seum in Linthicum, MD, detailed map 
and picture of museum in December ‘14 
issue of Radio Age. 
 
This is a repeat of the RadioWinterFest 
we held there last January, and it 
brought out all sorts of old entertain-
ment radios, militaria, ham gear, and 
even some big audio amplifiers.  Plenty 
of parking, very cheap entrance and ta-
ble rental fees. 
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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 $78, 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 contact John 
Kendall at vintel@comcast.net for 
more information.  
 
For Sale:  
(1) 1929 Majestic Model 72 double
-door highboy console (Model 72B 
TRF chassis), cabinet refinished, 
working, $150.  
(2) 1933/34 Philco Lowboy 
Console Model 89L, cabinet 
refinished, working, $110. 
(3) Atwater-Kent Model 55 
Lowboy Console, cabinet in 
excellent condition, radio works 
but some audio distortion at high 
volume settings, $115.  
(4) Johnson Viking Pacemaker 
SSB exciter, working, excellent 
condition w/manual, $275. 
(5) Collins 75A2 ham receiver w/
speaker,  clean w/manual, $350. 
Offers considered on all items.  
Pickup in Fairfax City. Pictures 
available via email. David 
Frohman, dfrohman@verizon.net. 
 

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

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

Wanted: A Bendix Model 526B  
in white Bakelite cabinet in good 
condition, knobs included,, working 
or repairable.  This model was my 
mother’s radio.  Mac Shawe, 6405 
Fairborn Terrace, New Carrollton, 
MD 20784; 301-552-2316.  
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MAARC Your Calendar! 
 

Sun., Nov. 16  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: Eye-tube radios; Presentation: 
Charlie Scarborough talks on Eye Tubes. 

Sun., Dec. 21 MAARC meeting at the Sully Station Community Center, 
Centreville, VA (map on p. 14.) Tailgating at 11:30; meeting at 
1:30; Display Table: Radios with 10 or more tubes!! 
Presentation: Ed Lyon: Emergency Radios. 

Sun., Jan. 18 RadioWinterFest—2015!! MAARC’s winter-time old radio 
plus ham gear plus audio gear meet at the National 
Electronics Museum in Linthicum, MD .  Starts about 9 am.  
Complete details in December issue Radio Age.  Whole meet 
is indoors, out of the weather.  Flea-market table rental, tour 
the museum, attend the auction. 

Sun., Feb. 17 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: TBD. 

 

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