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Frequency Modulation: An Appreciation 
BY LUDWELL SIBLEY 

Frequency modulation—FM—is utterly pervasive in 
radio listening today. We take it for granted. Yet its 

existence is attributable to a single individual, Edwin 
Howard Armstrong (Fig. 1), and its success in 
commercial broadcasting was in no way a sure thing. 
This article provides insights on this modulation 
method and its developer. 

EARLY PROSPECTS 

FM was a known possibility before Armstrong came 
upon the scene. J. R. Carson, a mathematician in the 
Development and Research Department of the AT&T 
Company (this was before Bell Labs) published an 
analysis in 1922 [ 1] in which he explored the 
possibility of using FM to reduce the bandwidth 
occupied by a signal—say, to transmit a 3-kHz speech 
signal on a pair of wires in 1.5 kHz of bandwidth. The 
conclusion was that FM would occupy at least twice 
the bandwidth of the voice signal. This was not a 
welcome prospect at the time. 

Howard Armstrong, a professor in the Electrical 
Engineering Department of Columbia University, and 
already renowned for the invention of regenerative, 
superheterodyne, and superregenerative receivers, did 

Edwin Howard Armstrong in Figure 1 his military uni-

(Continued on page 3) form, circa World War I 
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(Continued from page 1) 
some thinking about the use of FM to transmit on-and-
off signals like Morse code on radio. His application 
was frequency-shift keying (FSK), also known as 
binary FM. The idea was to use one frequency to 
represent "key-down" and another to indicate "key-up," 
with the possibility of reducing the effects of noise and 
fading on a radio channel. If successful, the same 
principle would be helpful for sending higher speed 
digital signals, e.g., those from a teletypewriter. 
Armstrong performed limited but successful on-the-air 
trials and published a paper in 1928 [2]. His 
publication in Proceedings of the IRE was accom-
panied by some rather slighting commentary from an 
engineer at Bell Labs. As a result, or in the absence of 
interest on the part of radio operating companies like 
RCA, FSK went nowhere at the time. However, we 
will see quite a different result below. 

WIDEBAND FM 

Armstrong, a tenacious sort, did not give up on the 
possibility of FM. His next, commanding, insight: FM 
may increase the bandwidth occupied on the air, but at 
the same time it depresses the effect of noise on the 
received signal. The relationship is straightforward: 
with the carrier modulated up and down in frequency 
to convey the signal, every doubling of the bandwidth 
yields a four-fold improvement (6 decibels) in signal-
to-noise ratio. The critical limiting factor was that the 
only way to obtain the needed bandwidth was to move 
up into the then-under-used VHF spectrum above 30 
MHz. 

If the bandwidth were to be increased for noise control 
reasons, of course, it could also be raised to provide 
better frequency response than the 8 kHz or so that the 
best AM broadcast transmitters and receivers of the day 
offered. The result was ultimately the use of a 
nominally 150-kHz bandwidth to carry a 15-kHz 
broadcast signal. 

FIELD TRIALS 

Armstrong had a considerable amount of capital from 
having disposed of a block of RCA stock before the 
Depression set in, thus he was able to fund a field trial 
of FM with his own resources. He got the cooperation 
of RCA, which allowed use of its experimental TV 
station atop the Empire State Building in New York 
City for a series of tests in 1934-35, licensed under the 
developmental call sign W2XDG. Operating at 40 
MHz, most of the trials were over the 70-mile distance 

to Westhampton, Long Island, a difficult path at that 
frequency. The results were revelatory, representing a 
great victory over noise and lightning static. Reception 
at the Long Island site was reported as excellent even 
during a storm when the New York AM stations were 
unlistenable. 

Of course FM was not the sole cause of the successful, 
noise-free results. Possibly not appreciated at the time, 
the spectral power of lightning is minimal at VHF. 
Specifically, for summertime static in the area of New 
York City, the noise level is about 77 dB lower at 40 
MHz than at 1 MHz [3]. The common slogan then and 
later was "static-free FM." It might as well have been 
"static-free VHF." 

Other new technical insights resulted from the tests 
with the Empire State Building transmitter, which 
eventually operated with an effective radiated power 
(ERP) of about 2 kW on 40.6 and 41.0 MHz. 
Armstrong discovered the "capture effect," whereby an 
FM signal slightly stronger than an interfering station 
will completely override the interferer. The tests also 
provided insight into VHF wave propagation, a subject 
just beginning to be understood at the time. Multiplex 
transmission was demonstrated in the tests, whereby 
the NBC Red and Blue networks were transmitted 
simultaneously on one FM carrier without interference. 
An expanded multiplex demo put a program channel, a 
facsimile circuit, and a Morse wire on one carrier. 

"The Major" explained the theory of FM and reported 
his test results, in a comprehensive, 51-page IRE paper 
in 1936 [4]. This treatment is extraordinary in that it is 
nonmathematical. Dr. Armstrong certainly knew the 
techniques to describe FM in engineering math, but the 
text is a straightforward word description in intuitive 
terms. 
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Figure 2. Armstrong's huge tower at Alpine. New 
Jersey. 

The Empire State Building tests ended abruptly when 
RCA ordered Armstrong to remove his equipment, 
supposedly to release its transmitter and antenna for 
intended TV trials. The result was construction, 
funded by Armstrong, of a building and 400-foot 
tower across the Hudson River at Alpine, New Jersey 
(Figs. 2 and 3). The station went on the air in 1938 as 
W2XMN (later KE2XCC). The facility, after shake-
down improvements in its transmitter, grew to 40 kW 
power output ( 160 kW ERP) on 42.8 MHz (later 
43.1). 

The tower remains today. In later years it was reused 
by WFDU-FM, land-mobile base stations, and 
microwave repeaters. It took on great importance for 
New York TV stations after the loss of the World 
Trade Center in 2001. It is a unique legacy: while 
many of us may feel that there is, er, no such thing as 
an ugly tower, it is hard to imagine anyone in Bergen 
County getting a building permit today for such a 
massive structure. 

(A tube-oriented note: W2XMN was one of only two 
known uses for the rare 899 transmitting tube, the 
other being a prewar experimental TV station 
operated by CBS.) 

ARMSTRONG: STRAIGHT TO THE POINT 

The scope of Armstrong's contributions to FM is 
impressive. He has been praised for operating in a self-
sufficient manner with only a tiny staff of 
assistants—quite different from the operating mode of 
the big industrial laboratories of then and now. 
Essentially single-handedly he brought the technical 
standards for FM broadcast service into being. 
Working from a position of holding fundamental 
patents, he did work that today would require standards 
committees, industry forums, negotiations, and 
compromises. His field trials determined the engin-
eering parameters needed for the FM broadcast service: 
bandwidth, interference-protection rules, the proper 
curve for pre-emphasis of high audio frequencies to 
control noise, etc. The result was that FM went from 
field trials to completed FCC rules in about six years. 
As a counter example, digital broadcasting today has 
been bashing about through about 10 years of ever-
shifting industry alliances, computer modeling, mul-
tiple trials, etc., and still doesn't amount to much. 

Another take on the achievement of FM is that 
Armstrong produced not a series of unrelated 
inventions of limited scope, but a complete system! 

FM LICENSEES SIGN ON 

Armstrong wasn't entirely alone. He had powerful 
name recognition in the radio industry, and his 
successful experiments attracted the notice of 
transmitter makers. His first patent licensees for 
broadcast transmitters were General Electric, which 
soon offered units with powers of 1/4, 1, 3, 5, 10, and 
50 kW; Radio Engineering Labs, with equipment for 1, 
2, 3, 5, and 50 kW, and Western Electric. GE and 
Western Electric built developmental broadcast stations 
of their own (respectively W2X0Y in Schenectady 

Figure 3. The transmitter building at Alpine. 
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Figure 4. GE Model GM- 125 FM console radio. This 
very rare set is highly collectible today. 

New York, and W3XPY at Whippany, New Jersey). 

GE was the first receiver maker to take out a license, 
making a special run of 25 radios designed by 
Armstrong. It then introduced a somewhat simplified 
version as the GM- 125 receiver (Fig. 4), housed in the 
same imposing cabinet used for GE's mirror-in-the-lid 
TV sets of the day. This console seems not to appear in 
modern-day collector guides, suggesting extreme 
rarity. The GM-125 was accompanied by the JFM-90 
(Fig. 5) "translator" (tuner). The latter carries a price-
guide value of only $20-25, which utterly disregards its 
historic nature. 

Other licensees were Hallicrafters, the National 
Company, Pilot, Radio Engineering Labs (for station 
monitors), E. H. Scott, Stewart-Warner, Stromberg-
Carlson, and Zenith. The latter two also built stations 
(W5 IR and W51C, respectively). 

GE, under the direction of engineering head W. R. G. 
Baker, was a particularly active promoter of FM. 
Besides acting as a broadcaster, they put on 
demonstrations for the Army, Navy, Civil Aviation 
Administration, Bureau of Standards, and FCC. FM 
topics were featured in the prestigious General Electric 
Review, and authors from GE actively presented 
conference papers. Propagation tests were made, with 
signal recorders carried in automobiles and airplanes. 
This contrasts with the role of RCA, which followed 

developments more or less passively. GE placed such 
emphasis on FM that a company equipment catalog of 
late 1939 announced that it would not compete in the 
field of AM transmitters, but instead was focusing its 
efforts on FM and television. 

COMMERCIAL RULES ADOPTED 

The FCC adopted rules for commercial FM broad-
casting, effective January 1, 1941. The initial fre-
quency assignment was 40 channels, on 200-kHz 
spacing, in the 42 - 50 MHz band. (FM proponents had 
wanted 42 to 56 but did not prevail.) Five of the 
channels were reserved for educational broadcasting. 
The technical standards for frequency response (50 Hz 
to 15 kHz), distortion, and noise were superior to those 
for AM. They are essentially unchanged today. An 
appendix listing FM stations as of 1941 follows this 
article. 

The developmental FM stations had carried callsigns 
similar to amateur calls, with the FCC district and an 
"X" included. Hence station identifiers like "W3XPY." 
In commercial practice FM frequencies were assigned 
channel numbers, and station callsigns reflected the 
channel and city, yielding combinations like "WS ¡NY." 
This practice lasted until 1943. (However, it lives on 
today with FM translators, which carry calls like 
"K221AB.") 

Adoption of regular FCC rules meant that fledgling 
FM broadcasters could apply for construction permits 
and build in an orderly way. The result was that about 
40 stations were on the air before WW H. 

Figure 5. GE's Model JFM-90 FM tuner, another 
rare collectible early FM set. 

Radio Age • February 2004 4ttend RadioActivity 2004, June 4-6 page 5 



The excellent audio performance of FM stations pro-
mised to cut the cost of networking. Inter-city FM 
networks, if done on a wireline basis, would have been 
very costly due to the wider bandwidth requirement. 
AT&T's existing national radio network circuits circa 
1940 used mostly 5-kHz backbone links (occasionally 
3.5-kHz), which were expensive enough. FM quality 
(8- or 15-kHz bandwidth) would have been prohibitive. 
However, relaying off-the-air was feasible: Station A 
acts as network originator; Station B receives A, 
retransmits it to Station C, and so on. 

The most famous examples of this practice were the 
Yankee Network in New England and the Rural Radio 
Network in New York State [5]. The latter (Fig. 6) was 
a project, around 1948, of a farmers' cooperative, the 
predecessor of today's Agway. The network is long 
gone, but four of its five original stations are still in 
operation, each after a substantial power increase. The 
exception is the station at Bristol Center. This location 
is today mainly a ski slope. There is no way that a 
commercial radio station could have been viable there 
in 1948 . . .except that it was needed as a relay point. 

In the closing months of WW II, the FCC undertook a 
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major study of frequency allocations for postwar use. 
The Commission was persuaded, apparently wrongly, 
that the existing 42 - 50 MHz band was susceptible to 
long-distance interference. The FCC therefore moved 
the FM band allocation to its present location of 88 - 
108 MHz. In the resulting "churn," all existing FM 
transmitters and their antennas became obsolete. 
Worse, the entire base of FM home receivers became 
useless. This number is variously quoted at 400,000 or 
500,000 units. Not stated in the usual histories of FM: 
the special cruelty of this statistic is that most of the 
sets were AM-FM or AM-FM-SW combinations that 
still worked fine on AM. So there was little incentive to 
replace an expensive radio just to get FM reception 
back. If a more or less arbitrary action on the part of 
government degrades the usability of the citizens' 
property—bought in the expectation that the "final" 
FCC rules of four years before would remain 
"final"—there must be some legal principle of estoppel 
that compensation is due the receiver owners. 

Receiver makers reacted to the frequency change in 
various ways. Zenith brought out its 1946 line of dual-
band sets, which have unique collectibility today (Fig. 
7). Hallicrafters announced, but apparently did not 
make, a converter to adapt the existing sets. Guided by 

"how-to" articles in popular 
  electronics magazines of the day, 
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Figure 6. The Rural Radio FM Network in New York State. 
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experimenters did various tricks 
of adding crystal diodes to 
existing sets to use the second 
harmonic of the oscillator signal 
to bring in the new channels. At 
least some transmitters—the 
Western Electric line comes to 
mind— were converted to 
frequency-double to the new band 
in their final amplifiers. 

Reallocation was a disaster at the 
time, but perhaps a boon in the 
long run, as the 40 FM channels 
became 100. It is hard to envision 
a viable FM service today with 
fewer than the 100! 

In any event, the FM industry 
started over. Soon came the early 
1950s, in which the rise of 
television caused a tough climate 
for motion pictures and radio 
alike, and a "starving time" for 
FM. We have to remember that 
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Figure 7. The Zenith 8H023 featured both the old 
and new FM bands. When it was designed, Zenith 
was not sure whether the FM band would be moved. 

there were no FM car radios—no "drive-time" 
listenership—at the time. Hard-pressed owners of 
combined AM and FM properties adopted 
simulcasting—the same program on both channels - to 
save money, but this poisoned receiver sales: why 
would a listener buy an expensive FM or AM-FM 
radio if it yielded no new programming? Similarly, 
why would an advertiser buy time on an FM-only 
station if he could use an AM-FM combination 
instead? 

Stations turned in their licenses and went silent. For 
several years, more FMs went off the air than went on. 
Others clung to prestigious but low listenership formats 
like classical, and tried to gather listeners who 
participated in the "hi-fi" hobby of the time. FM station 
counts during the crisis and afterward went like this: 

1945 

1950 

1 955 

1960 

1965 

1996 

46 

733 

552 

678 

1270 

7095 

Among the licenses abandoned was the Armstrong 
station at Alpine, soon after the inventor's death in 
1954. Imagine giving up an FM station serving New 
York City today! 

Anyone who has worked in radio will relate to the 
spirit of a radio studio back then. It was one of sensory 
activity: the sound of the air monitor with music and 
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news or announcer chatter, a muted clatter from the 
news teletype, and phones ringing. There were mixed 
scents, too, of the coffee maker and the teletype with 
its hot oil. The silence of a failed station was quite a 
different, and depressing, image. 

A small bright spot in this picture was educational FM, 
which faced plenty of economic pressures but at least 
didn't have to support itself by advertising revenue in 
competition with hungry AM stations. 

The FCC provided some financial relief in 1955 by 
authorizing FM stations to distribute "wired music" by 
subcarriers on their main signals. Armstrong's 
multiplex principle was put to work. For the wired-
music operator (e.g., Muzak), this generally worked 
out to be cheaper than using telephone company lines, 
and kept many FMs on the air. (As late as 1966, the 
biggest FM station in the well-funded Santa Barbara, 
California, market was being nursed along with 
revenue from the subcarrier.) 

Subcarriers are still useful. They have been applied for 
data distribution, specialty-language programming, 
reading-for-the-blind, telemetering of the station 
transmitter, etc. 

SALVATION VIA STEREO 

The situation began to turn around slowly in the early 
1960s. Considerable interest in stereo listening had 
grown among music lovers in the late 1950s as two-
channel reel-to-reel tapes, and especially long-playing 
high-quality disc recordings, became available. There 
were numerous stereo-radio demonstrations at the time, 
with the left channel, say, being sent on an AM station 
and the right channel on FM. The results were hardly 
satisfactory for long-term use but did demonstrate the 
concept. This explains all those split AM-FM tuners of 
the time, Heathlcits among them (Fig. 8). Armstrong's 
multiplex principle was then reapplied, with trials of 
six systems being held in Pittsburgh on KDKA-FM. 
The winner, announced by the FCC in June 1961, was 
a stereo system sponsored by GE and Zenith. It was 
compatible with monophonic receivers. (FM broad-
casters had been burned once before with receivers be-
coming obsolete.) Transmission over the stereo system 
suffered appreciable noise degradation; the standard 
figure is 23 dB, but it didn't matter much, the basic FM 
system being quite rugged to start with. 

A stereo sidelight: the first stereo station in San 
Francisco rushed its conversion from monaural for 
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I HEAT.« 1 

PT-1 $899s 

A deluxe AM- FM 

tuner combination 

loaded with extras! 

Figure 8. Heathkit PT-1 tuner ( 1958). This tuner had 
separate circuits for AM and FM. For stereo opera-
tion. one channel was received on AM and the other 
on FM. 

publicity purposes. It had a microwave studio-
transmitter link, which was mono-only. So, for a 
time it rented a 15-kHz phone line for the other 
channel. The relative time delay of the microwave 
link vs. the Telco line was such that, in effect, the 
listeners' speakers were permanently turned at a 60-
degree angle with respect to the listeners! 

About this time interest began to grow in 
automobile FM receivers, notably via the Hastings 
FM tuner. (Long ago I had an FM tuner—one of the 
old gold-color Heathkits—attached to the radio in 
my 1953 Plymouth.) This was the beginning of 
"drive-time" FM listening. About 1963 transistor 
FM portable radios became viable, too. It seems 
odd that no tube FM portable seems to have ever 
appeared commercially, but the demand for such a 
radio would have been minimal in the face of the 
battery drain of the added tubes, the lack of good 
battery-powered VHF tubes, and the simulcasting 
problem. 

LATER REFINEMENTS 

The FCC was persuaded to allow various technical 
improvements in the early 1960s and later. Stations 
were protected against interference by the use of 
fixed mileage spacings between transmitters, 

regardless of intervening terrain. This policy was 
more or less arbitrary but it simplified engineering. 
The use of circular polarization—typically with as 
much power added in the vertical plane as was 
previously used in only the horizontal plane— 
improved signal levels and reduced the effects of 
fading. The use of translators, particularly in rural 
and mountainous areas, filled in audiences in places 
where the main signal was unusable. Later on, 
smaller (Class A) stations were allowed to double 
power. 

The result: FM eventually pulled ahead of AM in 
listenership. By the early '80s, it was the marginal 
AM stations that were going bankrupt. 

An aberration—the quadraphonic bubble of the early 
1970s. Marketers argued that if two-channel stereo 
was good, adding two more channels would give 
greater realism to music. By revising the subcarrier 
frequencies and some other magic, it became 
possible to send all four channels, compatibly with 
regular stereo and monophonic reception. However, 
quad operation failed to catch on. Because of its 
rarity, collecting quad components may someday 
comprise a new area of interesting collectible 
equipment. 

MILITARY VOICE FM 

As WW II raged in Europe, the various military 
forces converted, or chose not to convert, to FM. 
The most notable case was the U. S. Army Signal 
Corps, which made a rather courageous decision to 
adopt VHF FM for tactical voice radios right in the 
middle of buildup for war. This was the result of 
successful tests of developmental sets made by 
Radio Engineering Labs, which led to adoption of 
the SCR-300 walkie-talkie (British Wireless Set No. 
31), the SCR-608 and similar tank radios, and the 
SCR-609 and related ground sets. (This did not rule 
out use of sets like the SCR- 194 VHF AM walkie-
talkie or the SCR-611 HF AM handy-talkie, which 
served throughout the war.) The U. S. Navy and 
Marines did not really convert, although there was 
some Navy use of the Army SCR-608, etc., for ship-
to-landing-party use late in the war. 

At the same time, aircraft voice communication 
went largely from HF AM to VHF AM (at 100 - 156 
and later 225 - 400 MHz). This change coordinated 
with a similar conversion by the Royal Air Force. 
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Figure 9. The SCR-300 on this soldier's back used 
FM, but wou;d be considered unduly heavy today. 

This mode, of course, is still in use today. The 
Luftwaffe abandoned HF AM, adopting AM in the 
40-MHz region via the FuG 16 transceiver. 

A major development of the early 1940s was the 
rise of FM radio relaying. The Signal Corps' AN/ 
TRC-1 and related systems operated in the 70 - 90 
MHz region, handling three-telephone-channel 
loads on a multi-hop basis. By contrast, the 
comparable German system, coded DGM-5K or 
"Michael," used AM. TRC-1 was highly successful 
from the North African invasion on, and was 
supplemented by microwave systems only late in 
the war. It also served in Korea and, in ARVN 
hands, in Viet Nam. 

FREQUENCY-SHIFT KEYING ARRIVES 

Armstrong's neglected 1928 innovation, frequency-
shift keying, became critically important in the war 
era. Fighting a global war required long-haul 
teletypewriter communication to handle the ever-
growing load of traffic. The AN/FGC-1 FSK 
system, applied to intercontinental high-frequency 
radio circuits, provided this traffic capacity, while 
giving resistance to interference and fading that no 
AM system could provide. Ironically, the FGC-1 
was designed by Bell Labs, source of the original 
unenthusiastic comments accompanying 
Armstrong's 1928 paper on FSK. 

Multichannel carrier telegraph systems on wire 

lines (as well as those employing the AN/TRC-1 
radio) went to FSK also, notably the Signal Corps 
CF-2 system. Postwar, the Bell System and 
Western Union each adopted FSK in replacing the 
AM carrier telegraph systems that had first gone 
into service in the early 1920s. From the late 1950s 
to the 1970s, data transmission on wire lines at up 
to 1200 bits per second used FSK, with more 
complicated modulation systems for higher speeds. 

EUROPEAN FM DEVELOPMENT 

Interest in FM broadcasting spread to Britain and 
the Continent after the war. The British ran a series 
of AM vs. FM trials on VHF in the late 1940s. The 
initial tests were inconclusive, but a second set of 
experiments showed FM to be slightly better than 
AM with respect to ignition noise from gasoline 
engines. This eventually led to construction of a 
network of FM transmitters. 

In Europe, with the postwar division into East vs. 
West, a huge demand grew up for more frequencies 
to be used by the opposing sides. The available AM 
spectrum was already fully occupied. As a result, 
West Germany was an "early adopter" of VHF-FM, 
building a national system in the 88 to 104 MHz 
band. 

OTHER USES OF FM 

Besides the broadcast application, FM was 
attractive to early manufacturers of land-mobile 
systems. Specifically, Link Radio (the Fred M. 
Link Co.) and Galvin (Motorola) adopted FM 
technology, which ultimately displaced the AM 
systems then operating around 1.7 MHz and also in 
the 30 to 40 MHz band. The Connecticut State 
Police made news by adopting a state-wide land-
mobile network in 1939. It was followed by 
conversion of the Chicago police network. 

VHF-AM mobile systems became obsolete, in part 
because, by making the transmitter and receiver 
slightly more complex, the need for a high-power 
modulator in the transmitter vanishes. The 
marketplace shifted: Western Electric lost 
prominence; while Link, Bendix, Motorola, GE, 
RCA, and even Du Mont became important. 
Demand for channels grew continually, forcing the 
FCC to order successive generations of channel-
splits in the 1950s. 
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FM appeared in other uses as well. There was a 
great buzz surrounding prewar trials of facsimile-to-
the-home to deliver the daily newspaper. When the 
FCC was deliberating the final technical standards 
for commercial TV, it was persuaded to abandon 
AM sound in favor of FM. Beginning in the late 
1940s, broadcasters adopted VHF-FM (and UHF-
FM) widely for remote-pickup circuits and studio-
to-transmitter links. 

Numerous other uses for analog FM grew up during 
and after WW II. Here are some examples. (Some 
of these have virtually vanished in the "digital age," 
while others are flourishing.) 

A specialized FM sonar (U. S. Navy's QLA), giving 
short range but great resolution in measuring the 
distance to the target, was used aboard submarines 
late in the war for the ticklish task of navigating 
through Japanese minefields. 

The Bell System had experimented with multi-
channel telephone relaying before the war, and had 
even put a couple of semi-experimental VHF-AM 
systems into commercial use. These provided 12 
telephone channels over a single radio hop. 
However, in developing its multi-link microwave 
systems after the war, FM was a natural choice, in 
large part because the multiple radio repeaters need 
not have the exquisite linearity that would be 
required with AM. This led to once-famous coast-
to-coast relay systems like TD-2 (with up to 1800 
voice circuits on a radio carrier in the 4,000-MHz 
range) or TH (up to 2,400 voice circuits in the 
6,000-MHz range.) It is not widely known that, 
with ever-increasing demand for more circuits in 
the same radio spectrum, Bell developed a single-
sideband AM (!) microwave system called AR-6 in 
the late 1970s. It put 3,000 voice circuits on the 
lower sideband of the radio carrier, and another 
3,000 on the upper sideband. It would have widely 
replaced the FM-based TH system if digital fiber-
optic facilities hadn't done the replacement instead. 

FM also figured in the troposcatter (over-the-
horizon) microwave links that came into prom-
inence in the early 1960s, mainly for military use 
but also for long telephone circuits in parts of 
Africa and similar places. These worked at 
frequencies of the order of 1,000 MHz and could 
provide, say, 60 circuits over, as an example, 400 
miles . . . until the rise of digital transmission and 

satellite facilities. 

For transmission of graphic information, FM was a 
real improvement. The first telephoto systems on 
wire lines were introduced ca. 1925, and 
intercontinental radio-photo transmission became 
important during the 1930s. These systems 
transmitted a carrier tone amplitude-modulated by 
the picture information. They were severely 
exposed to transmission impairment—a level 
change ("hit") on a wire line, some crosstalk, a fade 
on the radio, or a bit of radio interference, would 
ruin the picture. The analog facsimile systems of 
the late 1940s to late 1960s used FM, and were 
greatly superior in these respects. 

The original cell phones, assigned ca. 1983 to the 
800-MHz spectral region (that was originally TV 
channels 70 - 83), employed FM. As the need grew 
to handle more users, a conversion to digital oper-
ation replaced the FM. 

Amateur radio has treated FM in various ways. 
Narrow-band FM on the high-frequency bands was 
"almost popular" in the late 1940s. Radioteletype 
and its successor AMTOR are highly successful 
users of FSK. As used land-mobile equipment 
became widely available in the 1960s, and as VHF 
repeater operation became common, FM displaced 
AM on six meters and above. 

The Citizens Band (in both its original 460-MHz 
version of 1946 and the 27-MHz assignment of 
1958) has always been an AM service, but the 
Family Radio Service, a VHF semi-successor, is an 
FM application. 

When the development of guided missiles became 
a national priority in the late 1940s, radio 
telemetering of flight data relied on variable FM 
tones to handle the multiple measurements (another 
application later converted to digital). 

In the world of instrumentation, analog tape 
recording became prominent in the early 1950s. In 
order to record phenomena involving very low 
frequencies, or requiring great stability, the prac-
tical technique was to FM-modulate an audio tone 
(or several tones on multiple tracks) and record it 
on the tape. A similar method is used in today's 
VCRs. 
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Figure 10. Another military use of FM: the BC-499. 

THE END OF NEW APPLICATIONS 

As demand for radio spectrum grew endlessly after 
WW II, wideband FM became impractical for new 
uses due to the bandwidth required, with occasional 
exceptions like spacecraft telemetry. Narrow band 
FM, as popular as it is, is being displaced by such 
modulation methods as spread-spectrum, eight-level 
vestigial sideband, multilevel quadrature AM, and 
other highly developed techniques that were 
impractical twenty years ago. Digital FM broad-
casting relies on adding digital subcarriers to an 
existing FM signal. 

ARMSTRONG AND EITEL-McCULLOUGH 

I have access to a group of files from Eitel-
McCullough, Inc, dating from the 1930s. In them is 
a letter from Major Armstrong asking to buy Eimac 
tubes at a discount, with annotations in which the 
proprietors discuss the idea and agree to it. There 
are also records of Armstrong's purchases. Bet-
ween May 1937 and January 1940, Armstrong pur-
chased 21 large tubes from Eitel-McCullough— 
types such as the 750TL and 1000TL. For a while, 
he was going through a 750TL triode every few 
weeks at $ 175 per tube. Granting the discount 
turned out to be good business on Eimac's part— 
early FM transmitters made by Radio Engineering 
Labs, as doubtless influenced by the Major, used 
Eimac's biggest tube of the time, the 2000T. Zenith 
bought Eimac 1000UHF triodes for its W9ZR. 

The files also contain a letter in which Armstrong 
reassures Eimac that, as tube makers, they had no 
exposure to litigation over infringements of the 
Armstrong patents, and a bit of correspondence 

from the late 1940s over design of a new 
transmitter using Eimac tubes. 

BOOKS ON ARMSTRONG AND FM 

A topic as important and appealing as Armstrong 
and his modulation method deserves ample 
documentation, and has received it in recent years. 
The "Big Three" books on Armstrong for our 
purposes are the following: 

1. Man of High Fidelity [6] (in 1956 and 1969 
editions) is a "good read," although not exactly 
detached, arms-length history. Bruce Kelley, editor 
of the Old Timers' Bulletin, was sufficiently taken 
with the book that he plugged it in print eleven 
times over 20 years. 

2. Empire of the Air [7] ( 1991) is a three-way study 
of Armstrong, Lee de Forest, and David Sarnoff; 
and is an excellent work despite some factual / 
technical errors. 

3. The Legacies of Edwin Howard Armstrong [8] 
(1990) is a comprehensive collection of papers of 
all sorts dealing with the Major and his chief 
inventions (the regenerative, superregenerative, and 
superheterodyne receivers; as well as FM). It 
inherently involves a fair amount of duplication 
from one entry to another, but the reader can sort 
that out without trouble. 

Man of High Fidelity and Empire of the Air share 
strong enthusiasm for FM radar systems, which 
they claim are little known because of military 
secrecy. In reality they are little known from lack 
of importance. One successful use of FM during 
WW II was in short-range radar altimeters like 
theAN/APN-1. In much later years, "chirp" 
frequency-sweeping operation—in essence, FM 
with a sawtooth modulating wave—became 
important for specialized applications like 
ionospheric sounders. Still, FM radar did not 
widely replace pulse (AM) methods. 

I once prepared a review of Empire, praising it 
roundly but citing some technical faults, like the 
claim that the Signal Corps moon-radar experiment 
of 1946 used FM. The equipment had indeed 
started out as an FM set (the developmental AN/ 
CPS-7, built under contract by Armstrong). 
However, by the time of the moon test, it had been 
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modified into a plain pulse (AM) setup. That is quite 
clear from an elaborate published description of the 
system [9]. My review caused some political 
consternation within the historical radio community, to 
the point that the late Bob Morris, W2LV, called his old 
friend John De Witt—formerly Lt. Colonel De Witt, 
organizer of the 1946 experiment—to check up. The 
answer: the radar was indeed a pulse job. 
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APPENDIX 

OPERATING FM STATIONS, 

DEVELOPMENTAL FMs, 

AND CONSTRUCTION PERMITS, 1941 

Entries are sorted by state and then by city. Most 
station permits were issued to large manufacturers 
and major broadcasters, but there are some 
interesting ones, such as Long Island City, NY, where 
radio pioneer John Hogan had an FM station. (CP) 
means construction permit. In some cases, the station 
owner or call letters are not available. Area figures 
refer to projected coverage area of the station. 

California, Los Angeles: 
K31LA, 43.1 MHz, 20,000 sq. mi., CBS 
K37LA, 43.7 MHz, 38000 sq. mi., Earle C. Anthony 
K45LA, 44.5 MHz, 6944 sq. mi., 

Don Lee System (CP) 
K61LA, 46.1 MHz, 7000 sq. mi., 

Metro-Goldwyn-Mayer (CP) 

California, San Diego: 
(CP) Unified School System 

California, San Francisco: 
K45SF, 44.5 MHz, 10,800 sq. mi., Hughes Tool Co. 

Connecticut, Hartford: 
W53H, 45.3 MHz, Travelers Broadcast Svc. 
W65H, 46.5 MHz, 6,100 sq. mi., WDRC, Inc. 

D.C., Washington 
W3XMC, 42.6 MHz, 1 kW, McNary & Chambers 
W3X0, 43.2 MHz, 1 kW, Jansky & Bailey 

Illinois, Chicago: 
WBEZ, 42.5 MHz, Board of Education 
W47C, 44.7 MHz, 10,800 sq. mi., WJJD, Inc. 
W51C, 45.1 MHz, 10,800 sq. mi., Zenith Radio Co. 
W59C, 45.9 MHz, 10,800 sq. mi., WGN, Inc. 
W63C, 46.3 MHz, 10,800 sq. mi., NBC 
W67C, 46.7 MHz, 8,500 sq. mi., CBS 
W75C, 47.3 MHz, 10,800 sq. mi., 

Moody Bible Institute 
(Call unknown), 47.9 MHz, 10,800 sq. mi., 

Metro-Goldwyn-Mayer (CP) 

Illinois, Rockford: 
W71RF, 47.1 MHz, 3,900 sq. mi., 

Rockford Broadcasters (CP) 
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Illinois, Urbana: 
WIUC, 42.9 MHz, Univ. of Illinois 

Indiana, Evansville: 
W45V, 44.5 MHz, 8,397 sq. mi 

Evansville On the Air, Inc. 

Indiana, Ft. Wayne: 
W49FW, 44.9 MHz, 6,700 sq. mi., 

Westinghouse Electric & Mfg. Co. 

Indiana, Indianapolis: 
(Call unknown), 45.3 MHz, 13,640 sq. mi., 

Indianapolis Broadcasting. Corp. 

Indiana, South Bend: 
W71SB, 47.1 MHz, 4,300 sq. mi., 

South Bend Tribune 

Kentucky, Lexington: 
W51SL, 45.1 MHz, American Broadcasting Corp. 

Louisiana, Baton Rouge: 
W45BR, 44.5 MHz, 8,100 sq. mi., 

Baton Rouge Broadcasting. Corp. 
(Call unknown), 45.3 MHz, Standard Broadcast Co. 

Massachusetts, Boston: 
W39B, 43.9 MHz, 31,000 sq. mi., Yankee Network 
W43B, 44.3 MHz, 19,230 sq. mi., Yankee Network 
W67B, 46.7 MHz, Westinghouse 

Electric & Mfg. Co. (CP) 

Massachusetts, Hull: 
W I XK, 42.6 MHz, 100 W, 

Westinghouse Electric & Mfg. Co. 

Massachusetts, Springfield / E. Springfield: 
W I XFN, 42.6 MHz, 1 kW, Westinghouse 

Electric & Mfg. Co. 
W81SP, 48.1 MHz, 2,500 sq. mi., 

Westinghouse Electric & Mfg. Co. 

Massachusetts, Worcester: 
W I XTG, 43.4 MHz, 1 kW, Worcester Telegram 

Michigan, Detroit: 
W45D, 44.5 MHz, 6,820 sq. mi., 

Evening News Association 
W49D, 44.9 MHz, 6,800 sq. mi., John Lord Booth 
W53D, 45.3 MHz, 6,800 sq. mi., 

Goodwill Station, Inc. (CP) 

W73D, 47.3 MHz, 688 sq. mi., King-Trendall Co. 

Michigan, Lansing: 
W77XL, 47.7 MHz, 3,800 sq. mi., WJIM, Inc. 

Missouri, Kansas City: 
K49KC, 44.9 MHz, 299 sq. mi., 

Commercial Radio Equipment Co. 

Missouri, St. Louis: 
K51L, 45.1 MHz, 1300 sq. mi., 

St. Louis Univ. (CP) 
K59L, 45.9 MHz, 1300 sq. mi., CBS (CP) 

New Jersey, Alpine: 
W2XMN, 42.8 MHz, 1 kW, Major Armstrong 

New Jersey, Camden: 
W3XEZ, 44.9 MHz, 1 kW, RCA Mfg. Co. 

New Jersey, Whippany: 
W3XPY, 43.5 & 49.1 MHz, Bell Telephone Labs. 

New York, Albany: 
W47A, 44.7 MHz, Capitol Broadcasting. Co. 
W57A, 45.5 MHz, W57A, General Electric 

New York, Binghamton: 
W49BN, 44.9, 6,500 sq. mi., Wylie B. Jones 

New York, Long Island City: 
W2XQR, 43.2 MHz, 1 kW, J. V. L. Hogan 

New York, New Scotland: 
W2X0Y, 45.5 MHz 

New York, New York City: 
WYNE, 42.1 MHz, Board of Education 
W31NY, 43.1 MHz, 15,610 sq. mi., 

Major Armstrong 
W35NY, 43.5 MHz, 3,900 sq. mi., 

City of New York (CP) 
W2XWG, 43.9 MHz, 1 kW, NBC 

(Wed. to Sun., 3-11 PM) 
W2XWG, 45.1 MHz, 100 W, NBC (CP 

issued for operation by same licensee 
under call sign W51NY, 8,500 sq. mi.) 

W55NY, 45.5 MHz, 8,500 sq. mi., 
W. G. H. Finch (CP) 

W59NY, 45.9 MHz, 8,500 sq. mi., 
Interstate Broadcasting. Co. 
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New York City - Continued: 
W63NY, 46.3 MHz, 8,500 sq. mi., 

Marcus Lowe Agency (CP) 
W71NY, 47.1, MHz 1 kW, 8,500 sq. mi., 

Bamberger Broadcasting. Co. (WOR) 
W75NY, 47.5 MHz, 8,500 sq. mi., 

Metropolitan Television Co. (CP) 
W99NY, 49.9 MHz, 8,500 sq. mi., 

Frequency Broadcasting. Co. 

New York, Rochester: 
W8XAD, 42.6 MHz, 250 W, WHEC, Inc. 
W51R, 45.1 MHz, 2 kW, 3,200 sq. mi., 

Stromberg-Carlson Tel. Mfg. Co. 

North Carolina, Winston-Salem: 
W41MM, 44.1 MHz, 69,400 sq. mi., Gordon Gray 

Ohio, Cincinnati: 
W8XFM, 43.2 MHz, 1 kW, Crosley Radio Corp. 

Ohio, Columbus: 
W45CM, 44.5 MHz, 12,400 sq. mi., WBNS Inc. 

Pennsylvania, Philadelphia: 
W49PH, 44.9 MHz, 9,300 sq. mi., 

Penn. Broadcasting. Co. 

W53PH, 45.3 MHz, 9,300 sq. mi. 
W57PH, 45.7 MHz, 9,300 sq. mi. 

Westinghouse Electric & Mfg. 
W69PH, 46.9 MHz, 9,300 sq. mi. 
W81PH, 48.1 MHz, 9,300 sq. mi. 

Seaboard Radio Co. (CP) 

, WFIL, Inc. 

Co. 
, WCAU, Inc. 

Pennsylvania, Pittsburgh: 
W47P, 44.7 MHz, 8,400 sq. mi., 

Walker Downing Radio 
W75P, 47.5 MHz, 8,400 sq. mi., 

Westinghouse Electric & Mfg. Co. 

Tennessee, Nashville: 
W47NV, 44.7 MHz, 16,000 sq. mi., 

National Life & Accident, Inc. 

Utah, Salt Lake City: 
K47SL, 44.7 MHz, 623 sq. mi., 

Radio Service Corp. (CP) 

Wisconsin, Milwaukee: 
W55M, 45.5 MHz, 2 kW, 8,540 sq. mi., 

The Journal Co. (WTMJ) 

Wisconsin, Superior: 
W9XYH, Head of Lakes Broadcasting Co.3 

Expert Local Repairs 
Leigh Bassett of Golden Age Radio fame has opened a 

shop in the Laurel area specializing in the repair of 
vintage radios and amateur radio equipment 
•  

Call for info (301) 595-5349 most mornings 

Shipping address and local drop-off / pick-up: 

ATS do Schiller's Packaging Plus 

3507 Ft. Meade Rd. Laurel. MD 20724 

Service provided by 
ATS, Inc., PO Box 2509, Laurel, MD 20709 

-If it glows, we fix irs"" 
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Book Review 

The AWA Review - Volume 16 (2003) 
BY GEOFF SHEARER 

I've been a member of the Antique Wireless Asso-
ciation for some time and have seen the AWA Re-

view advertised for sale for a number of years. I've 
ducked the sale because I have little time to read 
(spending most of my time fixing) and was uncertain 
what AWA was "reviewing." Brian Belanger, Cura-
tor of the Radio-Television Museum, MAARC 
Board Member, AWA Vice-president, and overall 
nice guy, offered me his Review and asked that I re-
port on my reading. Beyond the long hours of digest-
ing the material, I was pleasantly surprised by its 
offerings. 

The first article, "The Eminent Years of Powell 
Crosley Jr., His Transmitters, Receivers, Products, 
and Broadcast Station WLW, 1921-1940," was out-
standing! Written by Charles J. Singer, this review 
gave an in-depth accounting of Mr. Crosley in his 
radio days. It was fascinating reading and I gained a 
deeper appreciation for the efforts of our early 
manufacturers. As far as broadcasting was con-
cerned, it was evident that Crosley wanted to be and 
was the big dog in the fight. It's a shame that politics 
have to enter into everything we do. Can you imag-
ine, though, a 500,000-watt transmitter? (Crosley 
station WLW had one for a time.) I was unaware that 
Crosley manufactured a score of other items includ-
ing airplanes, cars, exercise machines, and Icyball 
refrigerators. 

On a personal note, I was pleased with the informa-
tion on the Crosley Pup that I had recently acquired, 
and the discussion of the WLW radio station. I have 
several WLW 01A tubes and the information adds to 
the significance of the boxed tubes. This article was 
well written, obviously well researched, and flowed 
naturally through Crosley's manufacturing years. 
There was nice interposing of pictures and excellent 
references. This article was my favorite and a "must 
read" for antique radio enthusiasts. 

"Early Wireless Pack Sets; Spark Hits the Beach" 
had five co-authors collaborating on this article. 
Coming from an air traffic control background, I 
find it amazing that five people could reach consen-
sus on anything, but Russ Kleinman, Karen Blisard, 
Jim and Felicia Kreuzer, and August Link did just 
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that. It is an informative discussion on the use of 
pack sets and early wireless communication. The 
article expounded on the various sets that were used, 
their limitations, and eventual obsolescence due to 
advances in tube equipment. The illustrations and 
references were excellent, and I recommend this in-
formative reading to early communications enthusi-
asts. 

I have seen several articles on the early Rider manu-
als but "John F. Rider, Hugo Gernsback, and RCA 
Radiotron: The Saga of Rider's Early Radio Manu-
als," is the most comprehensive to come along. Writ-
ten by Charles C. Kirsten, this article goes into great 
depth in the formation of the early Rider manuals. It 
highlights the persistence and integrity of John Rider 
in his efforts to provide a tool for the radio commu-
nity to make repair easier and thereby preserving ra-
dios for future generations. I enjoyed the history of 
Rider through his days with Gernsback and his time 
at Radiocraft. It was particularly interesting how he 
got started. Recognizing a need and doggedly pursu-
ing it, Rider provided us with essential information 
that will preserve the history of this important media 
product. 

I had to spend time reviewing the information in this 
article because it was very detailed. It meant reread-
ing some of the information so I was clear on the 
sequence of events. There are excellent charts and 
illustrations outlining the various dissimilarities in 
the early Rider's manuals. I can feel secure, though, 
that my Volume I is the most complete, according to 
Kirsten. Completely apart from this discussion, I re-
ceived a call from Charlie and he enlightened me that 
Figure 17 was wrong. So, for the article investigators 
in the crowd, the author has already noticed this flaw. 
I've registered a few of these tidbits in my library for 
future reference as I come across Rider manuals in 
my upcoming swap meet activities. For those in the 
hobby who are aware that Rider radio manuals are 
now available in CD format and think therefore that 
we don't need the hardcopy versions, don't believe it! 
I have copies of the various CDs and they don't com-
pare to the real thing. When you print a schematic 

(Continued on page 18) 

Attend RadioActivity 2004, June 4-6 page 15 

No- - -a 



RadioActivity 2004: Zenith and a Unique Auction! 

Zenith is the theme for RadioActivity 2004, and 
we will be holding a special Zenith auction on 

Friday night during which we will auction the per-
sonal radio collection of Gregory W. Pease. Gregory 
has assembled one of the most outstanding and 
complete Zenith Trans-Oceanic radio collections 
anywhere. 

Greg's radios are immaculately preserved examples 
of every variety of Trans-Oceanic, from the first 
Clipper to the last R-7000, with multiple examples 
of many models, including the excessively rare 
military versions in brown and green leather. The 
collection includes a large assortment of original 
documentation, advertising, cartons, store displays 
and stands, plus many Zenith Universal, Long Dis-
tance, and portables related to, or concurrent with 
the Trans-Oceanic line. Everything is in excellent+ 
to mint condition. 

This unique Zenith auction is in addition to our 
huge Main Auction. on Sunday. The Pease Collec-
tion contains approximately 125 items. Up to 75 
additional Zenith items will be consigned from col-
lectors. Additional high-end items already con-
signed include the only known example of a Chi-
cago Radio Labs Zenith Eliminator Tuner, in excel-
lent condition (Zenith Radio: The Early Years, by 
Cones and Bryant, p. 106) as well as a Zenith 4-R 
(late) in good condition. 

If you have any particularly nice items that you plan 
to consign either for the special Zenith auction or 
for the regular auction on Sunday, please let Eric 
Stenberg know (see p. 2). In our ads in Antique Ra-
dio Classified and on our website, we will call at-
tention to high-end items that we anticipate having 
in the auction. 

It's not too early to begin planning your entries for 
the Old Equipment Contest at RadioActivity 2004. 
This year there are special theme categories for Ze-
nith. So, look over those radios on your shelf and 
decide which you need to begin polishing and docu-
menting for the contest. The April Radio Age will 
include detailed information about RadioActivity 
2004 and the contest. Tom Houghtaling is the Con-
test Chair this year. (This is a correction to the in-
formation in the January issue.) Contact Tom (see p. 

2) if you have questions about the contest. 
Here is the list of OEC Categories: 

• Chicago Radio Lab/Zenith Equipment 
through 1929 

• Zenith Table Radios After 1929 
• Zenith Portable Radios, Any Era 
• Zenith Consoles (Radios, Phonographs), 

Any Era 
• Any Other Zenith Item 
• Pink Radios 
• Pre- 1929 Radio Equipment 
• Post- 1929 Wooden Cabinet Table Radios 
• Plastic Cabinet Tube Radios 
• Transistor Radios 
• Communications and Ham Equipment 
• Televisions 
• Tubes and Tube Ephemera 
• For Display Only - Bring an item that you wish 

to display in the contest room, but not be eligi-
ble for judging. 

Service Data Available! 

The Radio-Television Museum library contains a 
huge collection of service data. Photocopy packages 
are available for most radio and TV sets prior to the 
1960s, and some later ones. For some early radios, 
only a schematic is available, but more often you 
will receive a schematic plus alignment data, parts 
list, etc. Make sure you have the right make and 
model number. If you wish, you can e-mail inquiries 
to librarian Brian Belanger (bcbelanger@aol.com). 
who will check the availability of the data for your 
set(s) before you order. 

Radio service data: $3 for the first model and $2 for 
each subsequent model in same order. TV service 
data: $6 for the first model, $4 for each subsequent 
model in same order. Maryland residents add 5% 
sales tax to total. Make checks payable to "Radio 
History Society." Order from: 

Librarian 
Radio-Television Museum 
2608 Mitchellville Road 
Bowie, MD 20716 
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um Richard Altig of Farmersville, IL, 
said he enjoyed Dale Johnston's arti-
cle "Fun With Old Parts" (August 
2003 Radio Age, p. 8). Dale had de-
scribed how to make an isolation 
transformer by using two similar sur-
plus transformers from the junk box 

and connecting their secondaries together. Richard 
says he has also used that approach successfully, but 
prefers using a dual-voltage ( 120/240 volt) trans-
former with two completely separate but identical 
primaries. (For 120-volt operation one primary is 
used. For 240-volt operation, the two primaries are 
connected in series.) By using one primary as the 
120-volt input and the other as the 120-volt output, 
you have an isolation transformer. (You may even 
find a use for the other voltages available at the sec-
ondaries when you are not using it for isolation.) 
Richard says most of the dual-voltage transformers 
he has found have had power ratings in the 100- to 
500-watt range, which would be adequate for a typi-
cal AC/DC radio. 

• Long before Bell Labs developed the transistor in 
the 1940s there were others who saw possibilities for 
semiconductor active devices. J. E. Lilienfeld is 
probably the best known of those. But companies 
like RCA also saw possible opportunities. An RCA-
published history of the company written in the 
1950s, that now resides at the Radio-Television Mu-
seum library, provides another example. John Ches-
ter Warner was Vice President of the Radiotron Divi-
sion of the RCA Manufacturing Company in the 
mid- 1930s. In 1934 he wrote in an internal memo-
randum: 

"There are some additional speculative possibilities 
in semiconductive devices which we cannot afford 
to overlook because of their possible competition 
with thermionic tubes. The prediction has been made 
by some that these devices will some day perform all 
the functions of a vacuum tube without enclosure in 
a vacuum." 

• Ludwell Sibley wrote to say that he enjoyed the 
article about radio servicing during World War II, 
and added: 

b 

"Apparently the 'MR' program turned into a huge 
tease. The poor service people were told to expect 
tubes in mid- 1944, but nothing came out until early 
1945. Oddly, I've seen NOS MR 6E5s—hardly a tube 
essential to morale or welfare on the home front. 

"Early in 1945 the Government released a quantity of 
12A6s and 12AH7s as 'war surplus.' (These were used 
together in the SCR-522, and probably came from a 
cutback in '522 orders.) I have a commercial adapter 
that's intended to replace a 50L6 with a 12A6 (no 
added resistor). I guess it was considered better to 
have a working radio with the tubes over-voltaged 
than to have a dead set." 

• And, MAARC's founding President, Joe Koester, 
wrote to say: "I have been meaning to write to Brian 
the Editor to tell you just how much I enjoyed reading 
the Collector Profile on Gary Alley! This is a wonder-
ful way to get to know the collectors, and much as I 
know and see Gary a couple of times a year at various 
meets, I had no idea of breadth and depth of his col-
lection. I visited with him in the late 1980s, I think, 
when we helped pull some electric mains through to 
his garage as he also took possession of the MAARC 
library. He had a very nice collection but it has ma-
tured nicely since I last saw it. I would like to see 
many more Collector Profiles from MAARC's far-
flung membership. What a great opportunity to see 
some fine collections and to learn so much more about 
some equally fine people! Keep up the good 
work—what a class act Radio Age is." 

• At RadioActivity 2003, Geoff Shearer brought in a 
box lot of brand new transistor radios from China that 
he had purchased on e-Bay for a song. They were de-
signed to resemble a classic late 1950s transistor set, 
and had the "Philco" name on them, but of course they 
were "not your father's Philco." He gave one free to 
anyone who joined MAARC during RadioActivity. At 
the end of the meet, he had a few left and gave them 
to MAARC people who had helped with the event. 
Charlie Scarborough received one and told us that 
during Hurricane Isabel his family was without power 
for several days, and the only source of news they had 
was the Philco that Geoff had given them. The old 
Philcos may look nicer, but when there is no line volt-
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age, a little transistor set is mighty handy to have 

around! 

• In the early days of MAARC we used to have 
Holiday Open Houses in December. Members 
would agree to open their homes, say from 1 to 4 
p.m. on a Sunday afternoon, for other members to 
drop in and view their radio collections. On a given 
day we would try to arrange 3 or 4 collection open 
houses in the same general area. The hosts would 
provide a pot of coffee and some soft drinks and a 
few cookies. It was a nice way for members to have 
an opportunity to see each others' collections. We 
stopped doing it because we found that in Decem-
ber many people are burned out with holiday par-
ties, have out of town guests, and are generally too 
busy to enjoy such an event. But, it has been sug-
gested that we resurrect this tradition except do it at 
some other time of year, e.g., spring or fall. It would 
make sense to group the open houses in one geo-
graphic area, e.g., one day for Washington DC and 
inner suburbs; another day for Alexandria, Arling-
ton, and Annadale; and still another day for Balti-

more, etc. 

If you have a nice radio collection that you would 
be willing to show off, call or email Paul Farmer (p. 
2). If sufficient members volunteer to open their 
homes on a mutually agreeable date, we will try this 

activity once again. 

• Have you visited the Radio-Television Museum 
lately? A current exhibit is "Television in the 
American Living Room in the 1950s." It features 
interesting TVs, including a large-screen DuMont, a 
Sylvania "Halolight," a Philco "Predicta," and 
more. Another temporary exhibit showcases radio 

premiums of the 1930-1950 era, (e.g., Buck Rogers 
ray guns, Captain Midnight decoder badges, and 
Little Orphan Annie Ovaltine mugs). The museum, 
open Saturdays and Sundays from 1 to 4 p.m., is 
located at 2608 Mitchellville Road, Bowie, MD. 
Free admission. From U.S. 50 between Washington 
and Annapolis, exit south on Rt. 197. Proceed just 
over a mile and turn right on Mitchellville Road. In 
another mile watch for the museum on the right.. 

(Continued from page 15) 
from a CD, many of the values are unreadable be-
cause of the small print. Copying a page out of 
Rider gives an exacting copy that is legible. Don't 
believe that you don't need the manuals (how's that 
for a double negative), you need the manuals. 

The Review's last article, "The History of the Devel-
opment of Radio Grille Cloth," by Barbara Havra-
nek, was very informative and gives the reader in-
sight into the early development of radio cloth to 
cover the speaker compartment. Although European 
development has better historical documentation, 
there is very little information on who designed the 
various U.S.-made grille cloths. Barbara provided 
color illustrations at the beginning of her article and 
referenced them throughout her discussion. She was 
able to draw on the artistic part of the design indus-
try, which provides a different and more compre-
hensive insight into this little-discussed subject. As 
a footnote, I was amused that Ms. Havranek was 
photographed for the bio sketch in the article, next 
to radios that have very little discernable grille 
cloth. 

As I completed the review, I was struck by two 
things: first, there are people out there deeply dedi-
cated to the preservation of radio history. It was ob-
vious that a great deal of research went into each of 
these articles and the authors are to be commended. 
The second thing that struck me was the passion 
and integrity that our forbearers demonstrated. 
Crosley stood by his products and would suffer loss 
in order to maintain his reputation. John Rider did 
the same by providing free updates to his manual 
even though it came out of his own pockets. I be-
lieve, as a nation, we still look for those qualities in 
our leaders. 

To order a copy (proceeds help the AWA Museum), 
send a check for $ 19.95 (postage is included) pay-
able to "AWA Museum" and mail it to: 

AWA Museum 
c/o 187 Lighthouse Road 
Hilton, NY 14468. 

Featured speakers at RadioActivity 2004 will include Ludwell Sibley (editor of the journal of the Tube 

Collectors Association), Dr. Harold Cones (the co-author of the newly-published Zenith books) , Paul 
Farmer (speaking on the Regency TR-1), and Ed Lyon (his ever-popular radio repair seminar). Don't 

miss this great event! 
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Brookeville, MD 20833. (301) 774-
3203. 

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. 

For Sale: RCA Radiola Model 526 
table model, AM and shortwave. 
Purchased in 1941. Brown Bakelite 
case. In excellent condition and in 
working order with spare tubes, $50. 
Bob Ritzmann, (301) 949-3423, email: 
rwritzmann@attnet. 

For Sale by Non-member: 1952 
Grommes Custom 20-watt hi-fi 
amplifier (SOPG2) with heavy output 
transformer and push-pull 6V6s on 
open chassis; Sherwood S-5000 stereo 
amp, 20 watts per channel; Sherwood 
S-3000 Il monaural FM tuner with 
Eico multiplex stereo adaptor; Garrard 
Model 301 turntable with leather-like 
hardcover owner's manual, tone arm 
with pluggable heads. All in good 
condition. Make offer. Alan Turnbull, 
45-G Ridge Road, Greenbelt, MD 
20770, (301) 441-1958. 

Services: Professional restoration of 
antique radios from the 1920s to 1960s 
and vintage Hi-Fi from the 1950s & 
1960s. Sales & service, tube 
electronics only. Restoration includes 
repairs, upgrades, cleaning & detailing. 
Enjoy the superior sound and exquisite 
design of heirloom-quality vintage 
tube electronics. Please visit my 
Connecticut showroom ( 1.5 hours 
from NYC) or website (www.urban-
antiqueradio.com) for details. Urban 
Antique Radio & Vintage HiFi, 58 
Naugatuck Avenue, Milford, CT 
06460, toll-free (800) 594-4359. 

For Sale: 1941 and 1942 Philco 
escutcheons, knobs, and pushbutton 
reproductions now available. Other 
various knobs and pushbuttons also 
available. Contact us for specific 
model numbers on escutcheons. Old 

Time Replications, 5744 Tobias Avenue, 
Van Nuys, CA 91411, (818) 786-2500, 
email: oldtimerep@aol.com 
http://www.antiqueradioknobs.com. 

For Sale or Trade: The Radio-
Television Museum has two early color 
TV sets to deaccession: a Zenith Model 
5030 and an RCA Victor New Vista 
(unknown model with Italian style 
cabinet, probably circa 1960). Best offer. 
Also, a set of Rider TV Manuals and a 
Philco 48-2500 large projection TV set 
in very good condition to trade for items 
needed for our permanent collection. 
Contact Brian Belanger (p. 2) for 
details. 

For Sale: Many of your favorite old 
time radio shows are available on tape 
cassettes. You select the shows you want 
and purchase them by the hour. Fast, 
friendly service. Send for our catalog 
listing over 5,700 shows arranged by 
category and title. Only $2 (P&H). 
Erstwhile Radio, PO Box 2284, 
Peabody, MA 01960. 

For Sale: New, Bunis & Breed 
Collector's Guide to Novelty Radios, 
$12; Bunis & Breed Collector's Guide 
to Novelty Radios, Book II $12.95; 
Collector's Guide to Buying Selling and 
Trading on the Internet, $7, each plus 
$1.42 Media Mail postage. WANTED: 
Eico 628 tube tester roll chart window & 
lever knob; Zenith 5C-01/5D-011. 
Consoltone radio cabinet. Robert P. 
Morrison, 10,238 117th Lane, Live 
Oak, FL 32060, (386) 362-1521, email. 
rmorison@suwanneevalley.net. 

Wanted: E. H. Scott and McMurdo 
Silver radios, parts, cabinets, literature. 
Mike Greene, 19113 Alpenglow Lane, 

Wanted: Pal Butterfly speaker, $ 1500; 
Cyarts Deluxe Model B, $ 1500+; 
Opalescent Regency TR-I, $2500+; 
Sony TR-55, $ 10,000; All prices are 
for near-mint condition examples. Any 
condition wanted. Paul Farmer, Time 
Out of Mind Radio, PO Box 352, 
Washington, VA 22747-0352. .email: 
oldradiotime@hotmail.com, (540) 
987-8759 

Wanted: 1937 Zenith tombstone 
Model 10-S-130, any condition OK. 
Mark Hewitt, 6659 Tipperary Trail, 
Roscoe, IL 61073, (815) 623-8729, 
email: mhewitt@inwavel.com. 

Wanted: Cabinet for RME 45. The 
panel opening is 10.5 x 19 inches, and 
cabinet depth about 10.5 inches. Buy 
non-RME cabinet or junker. Robert 
Haworth, 112 Tilford Road, 
Somerdale, NJ 08083, (856) 783-4175. 

Wanted: UX-852. Bill Goodwin, 3511 
Sixes Road, Prince Frederick, MD 
20678, (401) 535-2952, email: 
bgoodwin@chesapeake.net. 

AUTOCALL--A monthly publication 
covering the activities of amateur radio 
organizations in the Capital area. Only 
$18 per year for 12 issues. Write Auto-
Call, PO Box 922, Reisterstown, MD 
21136, (Make check payable to 
"Foundation for Amateur Radio.") 

MAARC's RadioActivity: 

A terrific value in terms 

of low registration and 

flea market fees! 
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IKAA-IZC Celen4erf 
Sun., Feb.8 

Sun., Mar. 21 

Sun., April 18 

MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, tailgating at noon, meeting at 2 p.m. 
Presentation: Early Detectors by Brian Belanger. 

MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, tailgating at noon, meeting at 2 p.m. 
Presentation: LF - Radio Below 500 kHz by Henry Lee. 

MAARC meeting at the Sully Station Community Center 
in No. VA, tailgating at noon, meeting at 2 p.m. 

Sat.-Sun. May 7-8 Radio swapmeet at Renningers, Kutztown, PA, check 
www.dvhrc.org for details. 

Sun., May 16 MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, tailgating at noon, meeting at 2 p.m. 

June 4 - 6 RadioActivity 2004 at the Sheraton College Park. 
(Same hotel as last year.) 

Sun., July 18 MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, tailgating at noon, meeting at 2 p.m. 

Sun. Aug. 15 MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, tailgating at noon, meeting at 2 p.m. 

Mid-Atlantic Antique Radio Club 

do Paul R. Farmer 

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