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Despite the fact that every demonstration of FM broadcast radio was met with appreciative audiences who 
marveled at the clear, noise-free quality of the sound, especially when staged alongside ordinary AM 
broadcasting of the same material, FM radio had a tough beginning. Everyone realized that someone 
would have to tell the public that their AM radios and the AM stations were obsolete, and should be re-
placed, altogether, with FM counterparts. But RCA thought that if AM radio was to be replaced, the re-

placement should be television, not FM radio. Television was where RCA spent its R&D dollars. 

IN the invention process, often the initial objective is lost in later discoveries, as the idea is reduced to 
practice. When Edwin H. Armstrong first thought of 
FM as a method of imparting intelligence on a radio 
wave, he was thinking that any form of modulation 
that seemed maximally different from the spiky bursts 
of energy released in lightning strokes should be 
better than AM. For, what is 
AM, but varying power 
levels, the variations 
corresponding to the audio 
signal to be transmitted. 
And what is lightning 
'static' but hugely varying 
power levels over a wide 
band of frequencies, to one 
of which the receiver simply 
has to be tuned. The 
similarity between wanted 
and unwanted signal 
structures was the key, in 
Armstrong's mind, to why 

Edwin H. Armstrong and FCC Chairman Fly at 
a meeting of the FM Broadcasters, Inc. in 1944. 

AM radio was plagued with "disturbances." 

If, instead of varying the radio signal amplitude as a 
function of the audio, he were to vary its frequency, 
perhaps, and somehow prevent any amplitude 
variations from affecting the system, then those pesky 
lightning bursts would not be heard. It might even 

mean that those signal fades 
that occur in the evening 
would not affect reception. 
He thought that wide 
frequency deviations would 
be less susceptible to 
"disturbances" than would 
narrow excursions, because 
wide frequency swings were 
more unlike the amplitude 
spikes he noticed in 
lightning and spark-caused 
"disturbances." 

(Continued on page 3) 
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(McKnew Road is 1.5 miles west of 1-95 
and 3/4 mile east of U.S. 29.) 
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(Continued from page 1) 
Armstrong was an experimenter and not theory-bound. 
Nonetheless, he read and generally understood the 
papers and presentations on the subject. He saw that 
much of the earlier dabbling into FM as a means of 
modulation of radio waves was a vain attempt to cheat 
on the basic fundamentals of information theory. 
Someone was always trying to transmit wideband data 
through a narrowband channel. And the theorists were 
kept busy debunking these attempts. Back in 1922, 
John R. Carson [ 1], for example, examined modulation 
in general, considering amplitude modulation, 
frequency modulation, and phase modulation, and 
derived the basic equations describing the resulting 
waveforms and their bandwidths. His focus was on 
attempts to reduce the net bandwidth of a signal 
channel without diminishing the bandwidth of the 
signal transmitted, and he concluded, for narrowband 
FM, that the channel width would always have to 
exceed twice the audio signal bandwidth, just like AM, 
and that there was no net merit in using FM for 
communications. 

Unfortunately for Carson, his conclusion was taken out 
of the context of the problem he had been given, that of 
minimizing the channel bandwidth for a radio signal, 
and all that was remembered of his conclusion was that 
he saw no merit in FM. Armstrong would hammer 
Carson in his addresses before the IRE and in all his 
demonstrations of wideband FM, and later authors of 
texts also picked up the chant. In his textbook on radio 
engineering [2], Louis Arguimbau mocked Carson, 
accusing him of "slamming the door to progress" with 
what Arguimbau described as technical arrogance. 
Armstrong probably didn't fully understand Carson's 
argument, nor did it affect what he was doing, creating 
a truly wideband FM system. Nonetheless, Armstrong 
tossed Carson and all the other theorists into the same 
"enemies of FM" pit. For the reader, we should define 
narrowband and wideband, as applied to FM. 

In FM, the instantaneous amplitude of the audio signal 
defines the instantaneous frequency of the RF signal 
transmitted. The higher the audio amplitude, the 
farther the RF signal frequency deviates from the 
normal, at-rest transmitted frequency. Thus, a rim-shot 
on a snare drum would drive the RF signal frequency 
quite far from the normal carrier frequency, while a 
sustained flute note would cause the RF signal to swing 
sinusoidally from one side of the carrier to the other. A 
soft note would swing it only slightly, while a loud note 
would swing it farther from the carrier with each 
sinusoidal swing. Wideband FM is that in which the 
frequency deviation is relatively large at full-amplitude 
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audio input, while narrowband FM has a much smaller 
frequency deviation. Quantitatively, our modern 
broadcast FM has a practical audio frequency limit of 
15 kHz (fairly near the so-called 20 kHz limit of 
human hearing) and a maximum deviation of 75 kHz. 
The ratio of maximum deviation to maximum audio 
frequency input is, therefore, about 5. For less shrill 
audio, such as usual orchestral music, the average 
audio frequency might be 2 kHz, yielding a deviation 
ratio of 37.5. This is wideband FM, in which the 
deviation ratio runs from 5 to 100, or higher [3]. 

Radio amateurs played around with FM for a while 
after WW2, and generally communicated with a 
maximum audio frequency of 3 kHz, using a maximum 
frequency deviation of 5 kHz, for a deviation ratio of 
1.67. For usual voice modulation, the effective audio 
frequency range ran from 200 Hz to 2 kHz, for a 
deviation ratio of 2.5 to 15. This is relatively 
narrowband FM. The definition of pure narrowband 
FM (NBFM) calls for a much lower value for the 
deviation ratio, namely any less than 0.2. 

Armstrong worked with wideband FM, with higher 
ratios than we use today, mainly because his audio 
signals were relatively poor in fidelity. At the time, the 
standard for high quality music was a Victor Red Seal 
shellac recording, probably good from 100 Hz to 6 
kHz. Armstrong wanted to use frequency deviations of 
about 100 kHz, because his experiments showed 
improving freedom from impulsive noise spikes with 
increasing deviation. Today, we class this wideband 
FM as a form of spread-spectrum communications, in 
which the audio signal to be conveyed is buried in a 
modulation format that is much wider in bandwidth 
than that of the audio. In all spread-spectrum systems, 
the ratio of occupied bandwidth to information 
bandwidth is the "spreading factor," and is a measure 
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(Continued from page 3) 
of its immunity to interference and jamming. 
Armstrong was trying for spreading factors of 15 to 
1000. 

Armstrong spent the period between 1932 and 1934 
experimenting with FM circuits in the Columbia 
University laboratories. Here he found how to get 
large frequency swings as a function of audio signal 
amplitudes, through his frequency-multiplier method. 
He realized quite early in his experiments that direct 
frequency modulation of an oscillator would never 
work. For one thing, an oscillator that will submit to 
large frequency excursions will also drift easily, 
making it difficult to keep a receiver tuned in to the 
station excited by that oscillator. The best method he 
found for creating a frequency-modulated signal was 
the use the audio signal to phase-modulate the output 
of a very stable oscillator, such as a crystal oscillator. 
To achieve the phase modulation he made up a circuit 
that produced two new constant signals, both being 
samples of the oscillator output, one phase-shifted 
+90 degrees and the other phase-shifted —90 degrees. 
These two signals were carefully balanced in 
amplitude so that they canceled when added together. 
The audio input signal then unbalanced these two 
signal amplitudes, a positive audio voltage making the 
+90-degree signal larger and a negative audio voltage 
making the —90-degree signal larger. These outputs 
were added to the original oscillator signal, so that the 
audio signal rotated the oscillator output in phase, but 
not by very much. Armstrong felt that if he got a 
maximum phase shift of 30 degrees either side of 
zero, that would spell success. 

Then came the frequency multiplication circuits, 
either frequency doublers or triplers. Since he wanted 
to multiply the 30-degree phase swings into 75-kHz 
frequency swings (or, in other words, 75,000 x 360, or 
27 million degrees), a multiplication of 900,000 times 
would appear to be required. Actually, Armstrong 
wanted to try for 100 kHz swings rather than 75 kHz, 
calling for yet more frequency-multiplication. He 
realized, though, that the needed phase shift was 
inversely proportional to the audio frequency of the 
modulating signal, which cut down the total phase 
multiplication considerably. He calculated that a total 
of 12 stages of doubling or the equivalent number of 
stages of frequency tripling brought a net 
multiplication of 4096, which is pretty close to what 
he needed. Unfortunately, such a high multiplication 
factor, needed to multiply the original peak swing of 
30 degrees up to about 75 kHz, also multiplied the 
basic oscillator frequency. Armstrong wanted to get 

to 44 MHz, the transmitter frequency to be used, and 
dividing this by 4096 meant the basic oscillator 
frequency would have to be way down around 10 
kHz. This was a frequency well below that of the 
modulating audio, in real hi-fi, so that was no good. 

Lucky for Armstrong, he had also invented the 
superheterodyne principle, so he combined a little of 
that with his multipliers, and got the desired result. 
He started with a basic crystal-controlled oscillator of 
about 60 kHz, passed its output through his phase 
modulator, and went through a number of frequency 
multiplier stages to get to about 3.84 MHz, at which 
point the original 30-degree peak phase swings had 
been multiplied by 64. This signal he passed through a 
heterodyne mixer, whose other input was another 
stable oscillator running at 4.5275 MHz. The 
heterodyne output was a signal at 687.5 kHz. Then 
more multipliers (6 frequency doubler stages would 
yield a net multiplication of 64) to get the swing 
multiplied up to about 75 kHz, and the center 
frequency up to about 44 MHz. Now he had a 
transmitter signal. 

For receiving, Armstrong knew he had to keep 
amplitude variations from affecting the receiver 

Armstrong's string of frequency doublers making 
up the exciter part of his FM transmitter. 

output, and all the circuits he knew of that converted 
frequency offset to audio output voltage also 
converted any amplitude variations of the input signal 
to audio output. Frequency discriminators had been in 
use in radios for auto-tuning for some time but they 
also responded to signal amplitude. Solution: add a 
limiter stage, whose output saturated no matter how 
large or small the input. This stage was not supposed 
to show the effects of "disturbances," the popular term 

(Continued on page 5) 
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(Continued from page 4) 
for static interference. The output of the limiter then 
fed a standard discriminator circuit, commonly 
attributed to Foster and Seely, but popularized by 
Armstrong. 

It took almost two years to get all the bugs out of this 
complicated set of circuits. The lab setup contained 
both the transmitter circuits (less the power 
amplifiers) and the receiver circuits. When it worked, 
Armstrong had set the system up so he could convert 
it to amplitude modulation at the flip of about twenty 
switches, so he could compare the results. He had 
ways of adding noise signals and off-the-air 
"disturbances." The immunity of the FM system from 
these "disturbances" was gratifying, and he invited 
several RCA officials, including Sarnoff, to visit the 
lab and see the results. Of course, RCA and everyone 
else had been tackling the problem of noise and static 
interference in AM radio for quite some time, and 
there was considerable skepticism in RCA's 
engineering cadre when they witnessed some of 
Armstrong's tests during that winter of 1933-34. 

To settle the issue, once and for all, by eliminating 
any traces of "simulation" of radio, RCA management 
offered Armstrong the use of their Empire State 
Building transmitting facility that was being set up for 
television experimentation. Here, Armstrong was 
offered the use of NBC's 2-kW video transmitter 
running at 44 MHz. To get the tests and demonstration 
done in a timely manner, NBC also lent Armstrong the 
services of R. E. Shelby and T. J. Buzalski, who 
staffed the Empire State Building facility. Many 
problems had to be solved, the most difficult being the 
fact that the 84th-floor transmitter had a 275-ft long 
coaxial line feeding a vertical dipole antenna that was 
about 1250 feet above the street level, all horribly 
mismatched, and apparently never operable before 
Armstrong's trials. RCA engineers solved the antenna 
mismatch problem. Armstrong had to rearrange all 
his multipliers and heterodyne stages to fit the new 
transmitter requirements, but that part went fairly 
well, and the shielded television electronics room was 
found to be ideal for isolating these circuits from the 
RF radiated from the nearby transmitter, itself. And 
Armstrong needed a receiving station to go along with 
the Empire State Building transmitter. 

A receiver system was set up at Westhampton Beach, 
at the home of George Burghard, a very active 
amateur, a very devoted friend of Armstrong, and the 
president of Continental Radio Corporation, a dealer 
in RCA products. Thus, he was "acceptable" to the 

Part of the receiver complex set up at Burghard's 
home at Westhampton Beach. In the center is the 
AM string of equipment, and on the far left the FM 

channel can be seen on more tables. 

RCA crowd. By June 1934, on-the-air tests were 
underway, and the results surpassed all Armstrong's 
expectations. Reducing the RCA transmitter power to 
as low as 20 watts produced FM reception quality that 
matched all but the most powerful (WEAF) nearby 
AM stations. To show that the results were due to the 
FM technique, and not just because such high 
frequencies were used, the RCA transmitter could be 
converted to AM and operated at nearby 41 MHz, for 
comparison purposes. The RCA staff claimed that the 
tests were unfair, since the Westhampton Beach 
receiving site was rural and not fraught with man-
made noise that was more usual in urban settings. In 
July, Armstrong moved the receiving site to 
Haddonfield, NJ, to the home of Harry Sadenwater, 
another enthusiast and RCA staffer, at the invitation of 
RCA's Elmer Engstrom. This site was about 85 miles 
from New York City, making the FM signal path quite 
long, and beyond the horizon, even from the tip of the 
Empire State Building. Although Armstrong didn't 
realize it, RCA was trying to make the trials more 
prone to failure. 

At Haddonfield, reception of the FM programs sent 
from New York was quite good, the only interference 
being that from certain automobile ignition systems. 
The operators at Haddonfield noticed that there was 
considerable fading and fluttering of the signal 
strength, as indicated by screen-grid currents in the 
RF and IF amplifier stages, but no effect was heard in 
the audio output, to Armstrong's delight. The FM 
reception was consistently better than any AM station 
reception, even from those stations in Philadelphia, 
only 30 miles away. 

During these tests, the FCC stepped in and ordered a 
(Continued on page 6) 
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Armstrong's close friend and helper in his FM 
tests was Randy Runyon, shown here broadcast-

ing on a Yankee Network FM station. 

(Continued from page 5) 

change in frequency from 44 MHz to 41 MHz, 
necessitating a complete change in Armstrong's 
multipliers and heterodyne stages. To preclude 
further interruptions of this sort, he redesigned the 
system to take more advantage of heterodyning, so he 
could later produce the same modulation on any 
desired output frequency, simply through 
heterodyning. The tests between New York and 
Haddonfield, NJ, were very revealing to those who 
witnessed them, and these were primarily RCA and 
NBC engineers. Among them, Alfred Goldsmith, 
Vladimir Zworykin, Elmer Engstrom, and W.R.G. 
Baker (then with RCA) traveled to Haddonfield to 
observe the tests. 

Armstrong noticed a distinctive stiffening of the 
management at RCA as his tests went along, and he 
kept up the pressure to make the trials more and more 
complex. On 19 November, 1934, the tests 
culminated in a four-channel FM transmission/ 
reception system in which he sent both the NBC Red 
and NBC Blue network programs on the main FM 
channel, and simultaneously sent FM facsimile-
modulated signals and a teletype message on 
subcarriers. At the receiver, the subcarriers, at super-

audible frequencies, were separated from the main 
audio channels and were further demodulated to 
produce the teletype message and high-quality copies 
of the current issue of the New York Times on an 
Alden facsimile machine. 

This outrageous display was too close to television for 
the tastes of Samoff and the senior RCA managers. In 
April 1935, Samoff ordered Armstrong to remove his 
apparatus from the Empire State Building. By 
summertime, he had rebuilt the FM transmitter and 
had it operating in the ham band at 110 MHz. He had 
the system running at the home of a radio amateur 
friend, C. R. Runyon, in Yonkers. In November, he 
demonstrated the system by setting up the receiver in 
the auditorium of the IRE in New York and delighting 
the IRE members assembled there. He documented 
the demonstration in a paper [3] published by the IRE 
in May 1936. 

Armstrong had to move his FM excitation equipment 
out of the Empire State Building, so he started his 
now-famous Alpine, NJ station, financing it through 
the sale of $300,000 worth of RCA stock. George 
Burghard, Paul DeMars, and his other technicians 
designed a new transmitter and antenna system and 
within a year and a half, had it running at 42.8 MHz, 
as W2XMN. The transmitter became a prototype for 
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Radio Engineering Laboratories (REL), a company 
that would build almost all of the FM broadcast 
transmitters up until the war forced REL's conversion 
to military hardware production. 

The FCC had taken an interest in the FM 
experiments, especially since they had about 150 
construction permit applications sitting on their 
desks, from many cities across the country, especially 
in New England. FCC decision-makers had witnessed 
some of the tests made by Armstrong, and, with 
considerable skepticism at the outset, soon took keen 
interest in the high quality of the audio coming out of 
the receivers. Some forces at the FCC saw FM as a 
way of fully covering assigned listening areas around 
each transmitter, without drop-outs, skywave 
interference from far away, and, most importantly, 
with a fresh start regarding the hated commercials on 
AM radio. But the head of the FCC, a fellow named 
Jolliffe, was in league with Sarnoff, and dutifully 
threw delays and nuisance tasks before Armstrong, 
until he finally left the Commission and took his 
place as a vice president of RCA. 

In early 1936, Armstrong offered RCA a license to 
manufacture FM radios or FM transmitters, all for a 
fee, of course. Sarnoff pretended to be interested, but 
never followed up on the offer, but to cover his bets, 
Sarnoff selected a promising RCA engineer, Murray 
Crosby, and told him to invent FM radio. Crosby 
dutifully drew up circuits, following notes taken by 
other RCA engineers who had worked with 
Armstrong, and Crosby even signed a schematic 
drawing of an FM transmitter circuit that had been 
drafted by Armstrong, himself. Word of this activity 
leaked back to Armstrong, who finally realized that 
Sarnoff was not his friend, but had, instead been 
stonewalling against FM progress for two years. 
Nonetheless, Armstrong could not figure why Sarnoff 
would be trying to steal FM from him, unless it was 
in order to sit on it and let it wither. 

AM station managers were in a turmoil over the 
demonstrations and public enthusiasm about FM. 
Largely through network operations, AM stations' 
stiff competition with each other had built up the 
overall cost of broadcasting at the expense of the 
commercial program sponsors that it became a high-
dollar crap-shoot whether a station would make a 
fortune or lose one each year. The loss of a single 
prime-time sponsor could bring a station to the point 
of bankruptcy, and the station management saw FM 
as a new system that would horn in on their sponsor 

stable and dilute their revenues. Sarnoff saw FM as a 
revolutionary change in radio, one that would scrap 
all the millions of receivers out there, along with the 
AM transmitters, and that was bad news. Not that he 
cared about the costs to the average American, but he 
had a different revolutionary step in mind, and his 
would also scrap AM receivers and transmitters. He 
was thinking of RCA television. After Jolliffe left, 
the FCC saw it differently, thinking that the AM 
stations and municipalities should buy into FM just to 
be altruistic and all-round good fellows, bringing 
high quality music and programs to a culture-hungry 
public. Sure. 
Actually, a look at the construction permits shows 

This REL transmitter follows Armstrong's method 
of producing wideband FM, as can be seen by the 
long chains of frequency doublers' transformers. 

that many newspapers were planning to operate FM 
stations, to bring culture to their readership and to 
generally complement (and advertise) their 
newspaper content. Then, the AM stations felt they 
would be labeled low-brow and crude if they didn't 
follow suit by signing up to build FM stations to 
supplement their program selections. Of course, 
submitting a construction permit application doesn't 
mean broadcasting is imminent; it just means that a 
channel is likely to be reserved for the applicant, 

(Continued on page 8) 
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(Continued from page 7) 
along with an assigned listening area. The FCC was 
slow about granting construction go-aheads to FM 
stations, mainly because they didn't see how the 
stations would be operated economically. They were 
adamant about not ruining FM's sound quality with 
cheap commercial jingles and when FCC Chairman Fly 
came into office in May 1942, he made it clear that FM 
would not be cheapened by commercialism. 

Armstrong's Alpine station W2XMN got its 
construction start in 1937, but it had taken two tries for 
Armstrong to get a license to build the station. One of 
the witnesses at the Haddonfield trials was Andrew 
Ring, a junior official at the FCC. After the tests, he 
had summed up FM broadcasting for Broadcast 
Magazine as a scheme that was too far ahead of 
broadcasting for them ever to make use of it, and it was 
unnecessarily complex. And it was Ring who reviewed 
Armstrong's application for the Alpine license, which 
he rejected. Armstrong had to re-submit the 
application and hire a lawyer to force the FCC to 
accept it, which they eventually did. Then technical 
problems forced Armstrong to operate it at only 2 kW 
at first, in May 1938, on 43.7 MHz. In July 1939, it 
finally fired up at a full 35 kW on 42.8 MHz, so that by 
August 1939, it was one of only four FM stations 
actually on the air. Armstrong kept experimenting at 
the station, maintaining it as "experimental" (and with 
the W2... callsign) for a long time. Meanwhile, a real 
FM enthusiast, John Shepard III, financed the 
construction of an FM station at Paxton, Massa-
chusetts, as a member station of his Yankee Network. 
Both of these stations used Armstrong's phase-shift-
plus-multipliers-galore modulation method, and the 
Paxton station, W1X0J, was soon running at 50 kW 
power on Mount Asnebumskit. Shepard's practical 
problem was that there was no audio modulating signal 
available at Paxton, so he sent one there, from Boston 
studios, using another FM link to send the audio. For 
this link, he used W1XOK, running 250 watts at 133 
MHz. He had no trouble getting commercial funding 
for his high-quality music programs, his first sponsor 
being Standard Oil of New York (Socony-Vacuum, or 
Mobil). 

By the end of 1939, there were also stations operating 
in Hartford, Connecticut, Springfield, Massachusetts, 
Washington, DC, New York City, and Rochester, NY, 
and by the end of 1940, there were about a dozen FM 
stations operating in the east, and a few more working 
on the west coast and in the midwest. Some of these 
stations were owned by newspaper companies, and 
some by big AM radio stations, like WBZ, WOR, and 

WINX (WTOP). The FCC was flooded with 
construction permit applications, and during the next 
two years, war preparations by most radio 
manufacturers forced an FCC freeze on actual 
construction. The freeze was not absolute, though, 
and stations that had started construction were 
allowed to continue, as long as they could get parts 
without bumping customers with war production 
orders. 

The famous "truck-spring" 
FM transmitting antenna on 
top of Mt. Washington, NH 

course, Armstrong 
channels in the 40-50 MHz interval. Fly held several 

Early in the war years, 
the FCC came under a 
new chairman, J. 
Lawrence Fly, who 
seemed to be 
genuinely interested in 
quality FM 
broadcasting. The end 
of the war would 
allow manufacturers to 
produce millions of 
needed FM receivers, 
if FM could get up and 
running, so he had the 
war years as a grace 
period in which to get 
the broadcast spectrum 
in order. Sarnoff had 
been demanding the 
entire 40-72 MHz slot 
as well as other spots 
higher in frequency, for 
television, and, of 

had been arguing for his FM 

Se 

st'necroft 

quoia 
Roaci°erns 

N 

Rt. 50 

Willard 

\Nestfields 

Safeway 
Shopping Center 

X 
Sully Station 

Community Center 

S 

E 

Rt. 28 
(Sully Road) 

E 

!mop not to  scale] 

Map of Dulles area of northern Virginia, and 
Sully Station Community Center, site of MAARC 
April 2005 meeting. Save this map. 

Radio Age • January 2005 Visit MAARC's web site at www.m a a re. o r g page 8 



conferences with technical boards and committees 
made up of industry leaders, and RCA was always 
well represented in these meetings to insure that 
Sarnoff's needs were met. 

At one such meeting of the FM Broadcasters, Inc. 
(FMBI), a federation of FM broadcast owners and 
prospective owners, Fly showed up and talked to the 
members present. He urged them to think good and 
hard about FM transmitters and receivers they would 
build after the war, and not to cheapen them and FM, 
by destroying what FM is all about — high-fidelity 
sound. He was trying to brace them for a bigger 
problem looming — the moving of the FM broadcast 
spectrum up to 100 MHz, and he didn't want them to 
start making cheap radios by the millions that would 
be both poor in listening quality and obsolete at the 
same time. In the meeting, he asked many questions 
of Armstrong, the featured speaker. And Armstrong 
bit on the bait set out by Chairman Fly. 

Fly had asked Armstrong about how FM signals 
propagate, and what made them seem to disappear 
under a stronger signal on the same frequency, thus 
eliminating annoying interference. Armstrong 
expounded brilliantly. Fly then asked if the VHF 
technology was ready for FM — that is, can industry 
make radios, working at 50 MHz, that did not drift in 
frequency or become hard to tune. Armstrong 
assured him that such was no problem at all, and that 
his Alpine station had operated at 42 MHz, at 110 
MHz, and at 144 MHz at different times, all 
successfully. Armstrong then went on about his great 
successes at 110 MHz, and at that frequency he had 
used yet wider-band FM, with superior freedom from 
noise and interference. Unwittingly, Armstrong was 
helping Fly bump the FM band up to 100 MHz. 

Of course, Armstrong was often his own worst 
enemy. In 1938, he had REL engineers helping to 
build his transmitter at Alpine, when, out of the blue, 
RCA served REL with a lawsuit for infringing on a 
deForest patent for regeneration, owned by RCA. It 
seems that REL had been selling "TNT" transmitter 
kits (TNT indicating tuned plate, untuned grid 
oscillators) to amateurs, and RCA decided to take this 
moment to sue REL. It was also at this time that 
Armstrong had just recently lost his final appeal on 
the regeneration patent suit in the Supreme Court, 
leaving deForest as the legal inventor of regeneration. 
Armstrong was livid, and immediately he and 
Runyon, his closest friend, each took options on half 
of all the REL stock, making them potential owners 

of REL, and entitled to appear at the lawsuit trials. 
Both Runyon and Armstrong recapped their earlier 
testimonies before the district and appeals courts, and 
came out winners, meaning that these courts felt that 
Armstrong was the inventor of regeneration, and that 
REL, an Armstrong company, could build TNTs if 
they pleased. 

But once again, the case went to the Supreme Court, 
to a young Justice Cardozo. But Cardozo imagined 
himself an expert on everything, including radio 
engineering, and decided for deForest, quoting some 
purely nonsensical deForest arguments as 
engineering fact, once again dashing Armstrong's 
plans. As a result of this effort, Runyon ended up 
owner of REL just as the war started, and Armstrong 
found himself depressed, again. He kept up the hard 
work, though, and was successful in selling FM to the 
Yankee Network and to many interests throughout the 
country, including a born-again W.R.G. Baker at GE. 
Baker became a real FM enthusiast, having been 
burned by RCA once too often. Having been 
exposed to FM systems during the war, most radio 
manufacturers took out Armstrong licenses for 
making FM radios after the war, anxious to try this 
new market. All except Philco, who, instead, made a 
cheap, poorly-performing FM radio (the Model 41-
350). Under industry pressure, Philco eventually 
reversed their position and took out a license. 

Fly soon left the FCC to become a lawyer for the 
ACLU. The new FCC promptly held hearings to 
reallocate FM and television, and also decided that 
television should employ FM for the audio channel — 
albeit a cheapened FM with a total deviation of only 
25 kHz. So now even the prospective television 
manufacturers lined up to buy Armstrong licenses, if 
just to build the audio channel of their TV sets. All 
except RCA, of course, who felt they had just 
invented FM themselves. So Armstrong sued RCA, 
sending RCA into the slow-roll process, which 
started with a promise of several years of depositions 
before the trial could start. The FCC then decided in 
favor of moving FM up to the 88-106 MHz band, 
later extending it to 108 MHz. 

Their decision was hard to arrive at, because they had 
heard eminent scientists argue that 40-50 MHz was 
good for FM, and other scientists say that FM would 
not work there, but only at much higher frequencies. 
The key testimony came from Ken Norton, who had 
been at the National Bureau of Standards, and who 

(Continued on page 1 I) 
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0 NE of Jim Wilson's Show-'n'-

Ask displays at the December 
MAARC meeting was a rare GE 
ER753A receiver, commonly called the 
RCA Radiola 1. This radio was 
developed in a hurry by GE's Arthur F. 
Van Dyke. He went on to work on 
other GE radios in the RCA build-up, 
and then joined RCA's engineering 

staff, eventually ending up in the licensing 
department where he made decisions as to whether 
RCA should sue another manufacturer or not. While 
in the intermediate position, though, on RCA's 
engineering staff, he came up with some unusual 
developments. One of the most unusual was his 
concept of "acceptable mechanical designs." He 
thought that building a radio cabinet, or even a radio 
tube, without concern for pleasing dimensional ratios, 
was incorrect, and he wrote a multi-part article 
describing what makes pleasing designs. He claimed 
that even the design of the ST vacuum tube envelope 
followed his notion of pleasing, proper dimensional 
ratios. Fig. 1 shows his design for a proper ST tube 
envelope shape, which, if smoothed to fit 
glassworking constraints, would yield the current ST 
envelope. He also claimed that the well-known RCA 
100-A speaker cabinet followed these principles 
(almost), shown in Fig. 2. His designs involved 
squares and certain "pleasing" rectangles, 
mathematically defined in his paper, and claimed to 
having been used for centuries by the classical artists, 
architects, and sculptors, even if they didn't realize it. 
Van Dyke played an active part in the RCA lawsuits 
brought by Armstrong, and their suits against 
Hazeltine, REL, and practically everyone else. He is 
pictured in Fig. 3. 

I N September 1945, the prestigious journal 
Proceedings of the I.R.E. published an article by 

Howard Chinn and Philip Eisenberg claiming that the 
American public did not enjoy full-frequency range 
(hi-fi) music, but, instead, preferred their music 
played through a limited-frequency-response system 
not much different from that provided by AM radio 
or common shellac 78-rpm records. Many readers 
complained to the IRE about the paper, most saying 
that it lead one to believe that people would rather 
listen to a poor recording of music than attend a live 
concert where the same music was played. But 
Chinn and Eisenberg were careful to compare only 

various recordings of music, and not live-vs.-
recorded music. The timing of the article was 
suspiciously close to FCC decisions regarding the 
eventual place FM radio might have in our lives. The 
article was followed in October 1946 by a 
"discussion" article, airing the various critiques of the 
paper, and the authors' rebuttals. In that issue of 
Proceedings, another article analyzing how FM radio 
was vulnerable to auto ignition noise appeared, and 
this article was flawed, as well, not considering that 
in most cases, auto ignition interference is so 
powerful that it causes intermodulation in the victim 
radio's initial tube stage, or that this type of 
interference is trivial to eliminate at its source, as had 
been done for over ten years in aircraft engines. 
Suspicious timing for these papers, indeed. 
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Figure 2. Van Dyke's rendition of the RCA 100-A. 

Figure 3. Arthur F. Van Dyke in 
an engineering conference at 

RCA in 1944. 
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(Continued from page 9) Rationing 
had some background in radio skywave propagation, 

but far more experience in ground-wave losses, such 
as are encountered in AM broadcasting. He claimed 

that FM would suffer interference from other FM 

stations if it tried to operate at 40-50 MHz, during all 

years when the sunspot activity was at its highest, 
such as in 1947, 1958, and 1969. What he didn't 
understand was that FM was the least likely service 

to suffer inter-station interference, whereas television 
would be hurt badly by such propagation-induced 
interference. Despite refutation by many good 
scientists, Norton's statements were accepted by the 

FCC, and FM went up to 88-108 MHz, leaving a 42-
50 MHz slot empty, and ready for TV channel I. 

This final decision came in 1945 [4], and was a blow 
that nearly killed FM broadcasting. The receiver 
manufacturers rolled with the punch, and soon had 
acceptable FM receivers on the market, but the 
broadcasters were devastated. They were robbing 

sponsors from their own AM outlets, largely, and the 
FCC was decreeing that FM should broadcast 

whatever an owner's AM outlet broadcast, thus 
endorsing "simulcasting." Thus FM programs would 
be no better than AM programs, giving the public no 
incentive to invest in an FM receiver, and giving the 
sponsors no incentive to spend any money on FM 

programs. 

As the 1940s ended and we moved into the 1950s, 
FM stations dropped down in numbers while AM 

station count held its own, despite the rapid growth of 

television. Listening time also dropped overall, by 
almost 15 percent, for all of radio, because of the 
demands of television. The development of long-
playing hi-fi records, tape recording, and affordable 

hi-fi amplifiers and speakers, however, sparked a new 
interest in quality music, and gave FM radio a second 
chance. By 1954, FM was again on the upswing, but 
too late for Armstrong. On the last day of January, 

1954, he wrote an apology to his wife and stepped off 

a balcony of his 13 th floor apartment in New York, to 
his death. RCA's stalling practices and refusal to 

listen to his arguments had made him despondent. 

Later, his widow recovered all his claims against 
RCA, and Samoff finally signed an Armstrong 

license application for the FM audio they were 
putting in all their television sets and in their FM-AM 

radios. RCA continued to use the less effective ratio 
detector rather than the "Armstrong" discriminator in 

their receivers, however.* 
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SIDEBAR— Early FM stations and their callsigns 

After Armstrong's initial trials from the Empire State 
Building (as W2XF) and from Randy Runyon's 
Yonkers ham station (as W2AG) the next three FM 
stations to go on the air were W2XMN, Armstrong's 
Alpine (NJ) transmitter, W1X0J, the first FM station in 
the Yankee Network, in Paxton, MA, and W1XPW in 
Hartford, CT. All of these stations were in actual 
scheduled operation before 1 August, 1939. Within 
six months of that date, the following were broad-
casting, not always with their promised transmitter 
power level, though: 

W1XSN, the Westinghouse station in Springfield, MA 
W3X0, Jansky & Bailey's station in Washington, DC 
W2XQR, John V.L. Hogan's station in New York 
W8XVB, the Stromberg-Carlson outlet in Rochester 
W9XAO, owned by the Journal, Milwaukee, WI 
W2X0R, Bamberger's station in New York 
W8XAD, the Rochester FM transmitter owned by AM 
station WHEC 
W1XSO, owned by Traveler's Broadcasting Service 
in Hartford, CT 
W8XVH, owned by Columbus AM station WBNS 
W9XYH, owned by Head of the Lakes Broadcasting 
in Superior, WI 

Thus, by April 1940, the potential audience for high 
quality FM entertainment was up in the millions, with 
the major east-coast cities and some midwest cities 
covered, and within another nine months, say, by the 
end of 1940, there were FM broadcasting stations in 
all the major cities of the country. 

Most of these stations carried their experimental 
callsigns, a W (or K, if west of the Mississippi), 
followed by a number indicating the FCC district or 
region, and then the letter X plus several letters to fill 
out the call. In late 1941, the FCC changed all FM 
callsigns that were for commercial (non-experimental) 
stations, and the new calls started with a W (or K), 
followed by two numbers indicating the assigned 
operating frequency, followed by a letter or two to 
indicate the city served. Since all stations operated 
between 42 and 49.9 MHz, the two numbers 
indicating operating frequency indicated the 
Megahertz and the tenth-Megahertz. Thus, for 42.1 
MHz, the two numbers were 21, and for 45.5 MHz, 
they were 55, etc. 

Armstrong's Alpine station stayed experimental, and 
kept its call W2XMN, but the Yankee station W1X0J 
became W43B, operating on 44.3 MHz, of course, 
serving Boston and W1XPW became W65H, 46.5 
MHz, serving Hartford, for example. This strange 
callsign scheme lasted until the late 1944 period, 
when the FCC normalized the callsign method [5]. 
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PAYING TRIBUTE TO RCA AND HAZELTINE 
BY ED LYON 

"This device is licensed under patents of the Radio Corporation of America and the Hazeltine Corporation." 
These or similar words were printed on tiny paper or metal tags affixed to the rear of most all radios sold in the 
1930s, followed by an even smaller-font listing of dozens of patent numbers. What was the deal, here, between 
the radio manufacturer and the two major license-selling companies, RCA and Hazeltine? 

W E look around us today and wonder whence 
all the young "dot-corn" companies disap-

peared. In places like North Carolina's Research Tri-
angle (in the Raleigh-Durham-Chapel Hill metropo-
lis) chic buildings sprang up like weeds in the 1980s 
as the computer/Internet-based newbies flooded into 
the area, and money flowed like water, driving up the 
prices of everything, especially housing. Today, a 
mere 15 years later, business and activity in the dot-
corn sector is stagnant, and many of those fancy 
buildings in the Triangle are empty. We see many 
attempts at "fixing the problem," but most of the ef-
fort is spent fixing the blame, instead. 

It turns out that the dot-com business cycle is exactly 
like the cycle that attended the early automobile in-
dustry, the electric appliance industry, and especially 
the radio industry. Timing has changed, mainly be-
cause of the speed of communications today. In the 
last-named industry, the event marking the beginning 
of the explosive growth was KDKA's broadcasting 
debut, regardless of claims that many others had 
broadcast music, speeches, and weather reports be-
fore KDKA did. Prior to KDKA, radio connoted 
wireless telegraphy and commerce; after KDKA it 
meant entertainment, very similar to that offered to 
the public twenty years earlier, by the phonograph 
industry. In 1921, over a three-month period, for ex-
ample, over 1250 new corporations became organ-
ized in the radio business. In New York City, within 
a few weeks after WJZ became licensed and began 
regular broadcasts, the number of shops selling radio 
apparatus jumped from fewer than 10 to over 1500, 
and in Newark, the only radio store in town suddenly 
had over 200 dealers as competition. And by the end 
of 1922, over 60% of these new businesses slipped 
away. The problem was that there was simply not 
enough consumer money around to support all these 
companies. The many new companies produced a 
tremendous amount of radio inventory — and this in-
ventory created another business, that of salvage of 
bankruptcy dumping, and resale of the residue at ten 
to twenty cents on the dollar — further depressing the 
remaining dealers' sales. 

And all this was occurring during the infancy of 
RCA, a company formed for the express purpose of 
furthering the US efforts in wireless telegraphy. In 
RCA's formation, fostered in part by the U.S. Gov-
ernment, the new company became a holder of the 
patents of GE., AT&T, and Western Electric, plus a 
few others of lesser importance. Later (June 1921) 
Westinghouse joined the RCA club. Those radio 
manufacturers that survived the explosive growth and 
decay of new radio firms soon found they had to sign 
up for RCA licenses to avoid litigation for patent in-
fringement. Radio manufacturers found that practi-
cally every standard circuit could somehow be traced 
back to a patent held by RCA. Westinghouse, for 
example, catalogued the patents needed by them-
selves in the manufacture of one of their earlier re-
ceivers (probably the Radiola III), and discovered 
about 200 of them, all held by the RCA group. Sim-
ple things like ganged tuning capacitors, inductively-
coupled antenna input, vacuum-tube amplifiers, and 
of course regeneration, all found themselves reading 
on one of the RCA-held patents. 

Figure 1. Small metal-foil tag affixed to inside of 
Kent radio lists all the applicable patents for 

which Kent paid license fees, mostly to RCA and 
Hazeltine 

By 1924, the sales of radio apparatus again caught up 
with the production capacity of most of industry, but 

(Continued on page 13) 
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(Continued from page 12) 
it now became a battle of incremental new features 
after new features. The radio of this month might well 
be considered obsolete in three months, and with the 
cost of a new radio up in the neighborhood of a couple 
months' wages, the public was fast becoming disillu-
sioned with the whole business. Even RCA found they 
had to dump over 20,000 radios in mid- 1923 at such a 
low price that the dealers offered them at half-price, 
tubes included. This was done to make room on the 
dealers' shelves for the touted superheterodyne, but 
RCA had to keep up an appearance of indignation over 
the "dumping" of their fine instruments. 

The TRF three-dialer gave way to the exclusively-RCA 
superhet, but then in mid- 1924, the less expensive 
Neutrodyne revived the three-dialer concept, and gave 
it decent sensitivity and freedom from squeals, both its 
own squeals and those it gave the neighbors. And it 
got by with five tubes, versus the superhet's eight, 
sometimes reflexed down to a shaky six. For the 
"fixit-yourself" type owner the Neutrodyne looked like 
it could actually be repaired if need be, whereas the 
superhet's dreaded catacomb was as impenetrable as 
was the available data on it. The Neutrodyne was 
nearly foolproof, meaning that any 12-year-old in the 
family could learn in an evening how to tune in all the 
stations around, and the locations of the stations could 
actually be logged on the three dials. That was tuning 
resettability that was unheard of in TRF three-dialers. 

But what was this Neutrodyne? At first, RCA gave it 
slight attention, but then when brand names like Fada, 
Eagle, Thompson, Freed-Eisemann, and almost ten 
others, began advertising the same "Neutrodyne" three-
dial type radio, they took notice, and when the 1924 
Christmas sales of all these Neutrodynes began to be 
tallied, RCA really took notice. Incidentally, the 1924 
radio year was not much different from prior years, 
though, as most manufacturers, except the Neutrodyne 
makers, overestimated the demand for more radios 
whose improvements over previous models were hard 
to find, on a consumer level. The Neutrodyne circuit, 
already covered technically in many journals and arti-
cles [ 1, 2], had been developed by Alan Hazeltine in 
1922. He actually employed an earlier ( 1918) equiva-
lent circuit while a contract engineer for the Navy's 
Bureau of Steam Engineering while designing the 
SE1420 for them. This model, the first neutralized 
(stabilized) receiver, was long said by Navy officials to 
be the best radio ever built. The Neutrodyne is often 
credited with making radios finally suitable for home 
use, able to be operated by nearly anyone, and it 

brought out the best cabinetry of a group of 14 manu-
facturers whose products would have never been mar-
keted without Hazeltine's invention. 

Hazeltine's primary occupation prior to 1922 was as 
Professor of EE at Stevens Tech (Hoboken, NJ). One 
of his better students was Harold Wheeler, who had run 
across Hazeltine when Wheeler was doing summer 
work (between semesters at GWU) at the Bureau of 
Standards Radio Laboratory, whose facilities were 
shared, in the Navy Yard, with those of the Steam En-
gineering radio laboratories. Hazeltine's refinement of 
the SE1420 during 1919-1922 overlapped Wheeler's 
summer-work sessions at the Bureau in 1921 and 1922. 
Wheeler assisted where he could, being but 18 or 19 
years of age. In the summer of 1923, Wheeler went to 
Hazeltine's Stevens EE laboratory to continue doing 
summer work for the professor. By the time Wheeler 
graduated from George Washington in 1925, Hazeltine 
was running a lab of his own, but located in an attic at 
Stevens Tech. ("Don't quit your day job," someone 
must have told him.). Wheeler worked a summer 
there, and then entered Johns Hopkins for graduate 
work. During that 1925 summer in Hoboken, Wheeler 
began tinkering with a form of feedback, of a sort, to 
prevent a radio from blasting when a local powerful 
station was encountered while the operator was casu-
ally "surfing." 

While home (in Washington, DC) for the Christmas 
holidays in 1925, Wheeler went to his basement work-
shop and put it all together. Upon detecting the radio 
signal, Wheeler's circuit developed a bias from this 
detected signal and fed it back to the superhet's IF am-
plifier stages, reducing their amplification factors, and 
the amount of signal getting to the detector. Over a 
wide variation in incoming signal strength, the detector 
output varied but a small amount, keeping the audio 
output relatively constant. No more blasting as you 
tuned in a local. He secured a patent on this, his auto-
matic volume control, or AVC. When Wheeler joined 
Hazeltine again, his AVC invention was welcomed by 
Alan Hazeltine, and was placed alongside the neutrali-
zation patents and about thirty others Hazeltine had 
been accumulating as a weapon to be used against the 
RCA club. 

Other radio manufacturers needed AVC, and Hazeltine 
readily sold licenses for its use, then changed his mind, 
and made them a better deal. He sold them a blanket 
license to use any and all his stable of patents and those 
he might acquire in the future. And he threw in a spe-

(Continued on page 14) 
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(Continued from page 13) 
cial kicker: they got radio 
engineering help in any 
circuits they were trying to 
use in their radios. All for 
a fixed license fee plus a 
percentage of each chassis' 
value. For the manufac-
turer who had his own ra-
dio design bureau and 
needed only one or a few 
Hazeltine inventions, it 
was a bad deal, but for the 
usual radio manufacturer it 
was a very good deal. By 
comparison, RCA's deal 
was on a per-patent basis, 
and the terms were stiff. As a result, many of Ha-
zeltine's engineering tips to their licensed manufac-
turers amounted to clever ways they could dodge cer-
tain RCA patents. 

Figure 2. Big black Zenith dial with reference to 
Zenith patents used in the design of the radio 

Kent Radio Corporation used the whole Hazeltine 
package, and placed a metallic sticker in their radios 
listing, in microscopic font, all the applicable patents 
of Hazeltine, RCA, and others, and managed to mini-
mize their tribute payments to RCA by using Ha-
zeltine's engineering staff for their circuit details. 
Fig. 1 shows one of these tags. On the other hand, 
Zenith used very little of Hazeltine's patents, and did 
their own engineering, but paid the same fees to Ha-
zeltine that Kent did. Fig. 2 shows a Zenith dial, and 
it refers to Zenith's patents, none others. 

Zenith eventually sued Hazeltine for selling invali-
dated patents and exacting a fee for nothing in return, 
following the lead of a few other manufacturers who 
felt stung by Hazeltine's "package deal." The pri-
mary lawsuit came from Automatic Radio, makers of 

Tom Thumb radios, and after 
an initial victory, Automatic 
seemed to set the stage for the 
downfall of Hazeltine. Ha-
zeltine recognized that the 
district court system was 
populated with judges who 
were liberal, and who hated 
anything that smacked of mo-
nopolistic practice by an in-
dustry. And the Constitution 
granted, via the patent law, 
exactly such a monopoly by 
the inventor of a device, for a 
set period ( 17 years). The 
main argument Automatic 
used was that they had bought 

the standard Hazeltine package, containing over 500 
patents and patents pending, plus engineering ser-
vices, and didn't use much of it, having detailed the 
design around all but three of Hazeltine's patents, and 
refusing Hazeltine's engineering advice. The district 
court felt that Hazeltine's charging a full fee for such 
a small package having any use to the customer 
amounted to piracy. 

The Supreme Court, on final appeal, however, re-
versed the lower findings, and found for Hazeltine, 
leaning on Constitutional law. This set the tone for 
the later Zenith lawsuit, which followed exactly the 
same course. The Automatic final decision came in 
1950, Zenith's a few years later.. 

During the Second World War, Hazeltine, with 
Wheeler Laboratories under their wing, developed 
radar and IFF systems for the military, and continued 
developing radar systems and displays after the war. 
Today they are part of BAE Systems.** 
[References on page 15] 

FOR THE RECORD 

The November meeting of the Mid-Atlantic Antique Radio Club was held at the usual venue on 21 November 
2004. An informal head count yielded 62 members present. After an interesting show-'n'-tell series, without 
Maestro Sessoms (owing to medical constraints), the members were treated to a fine presentation by Brian 
Belanger, and an auction that brought in $ 151, net to the club treasury. 

The December meeting was also held at the usual venue, on 19 December. The flea market was especially 
active before the meeting, in part because of pleasant weather. Willie was back in form, and had a most inter-
esting Show-'n'-Tell for the 64 members present. Some of the items shown were Jim Wilson's rare finds of 
the month, including a Radiola I. Then Veep Hansman showed an old RCA vacuum-tube-making video, in 
which women assembled vacuum tubes by hand, by the thousands. Amazing handiwork! The auction netted 
about $ 170, along with brisk capacitor sales. Seems members have some fixin'-up in mind. 
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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: Grebe Syncrophase 
instruction manual. A 74-page copy 
of the 1926 booklet that came with 
the historic Grebe radio, includes a 
brief history of the company, 
photos of their facilities, 
manufacturing and assembly 
processes, pictures of early sets 
dating to 1911, specifications and 
component elements , installation 
and connecting data, wiring 
diagrams and featuring the MU-1 
Syncrophase plus much more 
interesting information. $20. Ernie 
Nagy, 1012 S. Collier, unit 112, 
Marco Island, Fl. 34145 
elnagy1599@webtv.net 

Services: Time Out of Mind Radio 
operates the leading vintage radio 
appraisal service in the east. We are 
experienced, professional radio 
appraisers. References available. 
We will evaluate, document, and 
photograph your collection or 
estate and provide you with soft-
and hard-copy spread sheets and a 
comprehensive written report. Our 
product satisfies all insurance and 
IRS requirements and includes all 
IRS forms. Protect your collection. 
Document your charitable gift. 
Define the value of an estate. Free, 
discrete, no-obligation consultation 
on request. Ask to see a copy of our 
qualifications statement. Our 
reputation is everything. 
Satisfaction and privacy always 
guaranteed. Time Out of Mind 
Radio Appraisers. Paul Farmer, PO 
Box 352, Washington, VA 22747-
0 3 5 2 ; 5 4 0 - 9 8 7 - 8 7 5 9 ; 
oldradiotime@hotmail.com 
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Services: Professional restorations 
for all TUBE TYPE antique table 
radios, floor model consoles, 
cathedrals, tombstones, battery 
sets, communication receivers and 
music amplifiers. Complete 
overhauls to factory specifications. 
Lacquer sprayed, hand rubbed 
cabinet refinishing. Reasonable 
rates. Free estimates. UPS/USPS/ 
FEDEX/TRUCK shipments 
accepted. 4 year warranty on new 
parts. Bob Eslinger/KR1U, 
ANTIQUE RADIO 
RESTORATION & REPAIR, 20 
Gary School Road, Pomfret Center, 
CT 06259. Hours: 9am-5pm 
eastern, Tuesday thru Saturday. 
Telephone/fax: 860-928-2628. E-
mail: Bob@oldradiodoc.com. 
Please come visit us on the web at 
http://www.oldradiodoc.com or 
stop by... when in the New England 
area. 

For Sale: 1941 & 1942 Philco 
escutcheons, knobs, and 
pushbuttons: 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. 
Phone 818-786-2500. Web page: 
http:// 
www.antiqueradioknobs.com; e-
mail: 
oldtimerep@aol.com 

References for FM article, page 
lff, this issue: 
[1] Carson, John R., "Notes on the 
Theory of Modulation," Proc. IRE, 
February, 1922. 
[2] Arguimbau, Lawrence B., Ra-
dio Engineering, McGraw Hill. 
[3] Carson gave to FM the "Carson 
rule of thumb," which is: The net 
channel bandwidth is equal to 
twice the sum of the deviation plus 
the highest audio frequency. 
[4] As reported in the New York 
Times on 28 June 1945, FM was to 
get the 88-106 MHz band, with the 
106-108 MHz band allocated to 
facsimile broadcasting. It would 
be two years before the stations 
formerly at 42-50 MHz could get 
new equipment for the higher band. 
In June 1946, over 55 FM station 
construction permits sat on the 
FCC desk. 
[5] As reported in the New York 
Times of 19 September 1943, Oc-
tober 1943 would mark the begin-
ning of "normalized" callsigns, like 
"KDKA-FM," rather than the 
W45PT type of callsign. 

References for RCA-Hazeltine 
Article: 

[1] Maclaurin, W.R., Invention and 
Innovation in the Radio Industry, 
pp127ff. covers the Neutrodyne 
and its origins. 
[2] Rice, of RCA, and Hartley, of 
Bell Labs, also patented an equiva-
lent circuit, such that manufactur-
ers had to get both RCA and Ha-
zeltine licenses. 
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Sun., Jan 16 

Sun., Feb. 13 

Sun., Mar. 20 

Sun., Apr. 17 

Sun., May 15 

June 9-12, 2005 

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

Note this is NOT a third Sunday! MAARC meeting at the 
Seventh Day Adventist Church, Burtonsville, MD, 
tailgating at noon, meeting at 2 p.m. 

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

MAARC meeting at the Sully Station Community Center 
near Dulles Airport, northern VA. Details later. 

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

MAARC's RadioActivity-2005, at the College Park 
Sheraton (same place as last several years) 
Registration but no selling starts as early as 8 p.m. 
Thursday, 9 June. Flea market opens at dawn Friday. 
More details later. 

Mid-Atlantic Antique Radio Club 

c/o Paul R. Farmer 

P.O. Box 352 

Washington, VA 22747-0352 
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969 Shore Acres Rd 
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