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Here’s why MYCA'.EX 4]0---

is the “Last Word”
low loss insulation !
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For more than 27 years MYCALEX has consist-
ently demonstrated its superiority as an insulat-
ing material — supplanting one old-fashioned
material after another as electronic advance-
ments have made insulating needs more
exacting.

MYCALEX excels wherever high dielectric
strength and extremely low loss factor are im-
portant . . . where resistance to arcing and high
temperature is desired . . . where impervious-
ness to oil and water must be virtually 100%.

Latest and greatest of MYCALEX advance-
ment is MYCALEX 410 (Molded Mycalex). This
highly perfected insulation, together with our
exclusive injection-molding techniques, now
makes available a wide variety of unusual or
intricate shapes . . . especially with metal inserts
or electrodes molded in to form a perfect bond
or hermetic seal.

Our engineers invite your inquiries on all
insulating problems.
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Power fcctor, 1 megacyce, dry...... 0.0015 1
Dielectric censtant, 1 megacycle. ... .. 8.3
Volume resistivity, ohm-cm .. ... " 6.0X10"7
Arc resistance, ASTM seconds . 250 1
Dielectric strength, volts/mil. . .. ... . 400 1
Mechanical Properties
Flexural strength, psi............... 13,000 ]
Tensile strength, psi............ ... 6,000 | |
Compressive strength, psi....... .... 20,000
Hardness, Brinell .. ... ............ 150 '
Modulus of elasticity, psi........ ... 8 X 10 ’
Maximum safe operating temperature, ,
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Editor’s Introduction

HE preparation of the Standard FM Handbook may have been an experience nnigue
in the annals of technical hiterature. The work of planning and correlating the cha)-
ters was like trying to hold down a six-foot length of slippery cel with two hands.

That was because so many changes and so much progress have come to FM at such
a rapid rate. For example, a chapter on FM transmiiters was planned originally. At that
time, we had data on RCA and REL equipment, representing reactance-tube and direet
crystal-controlled circuits. Just when the text was ready to release, we realized that the
chapter would not be complete without including the G.E. Phasitron. While we were
wondering what to do, Federal and Westinghouse came out with their versions of FM
transmitter circuits. Before we could meet that situation, we learned that Collins, Western
Electrie, and Raytheon were engineering something new.

At that point, we were faced with the choice of either having the chapter on trans-
mitters incomplete, or holding up publication of the whole book for an indefinite length
of time. We finally compromised by omitting the chapter entirely from this First Edition!
It will appear in the Second Edition, however, and it will be complete, we hope.

Similar conditions confronted us in the chapters originally planned on communica-
tions equipment. IHere, changes and impending shifts in frequencies were responsible. As
for home receivers, very little data was available from manufacturers. The chief engincer
of one company said: ““We're going to hold up the relcase of complete data on our sets
until more of our competitors have finished designing their first models!” We couldn’t
blame him. 0

In the end, we boiled down the chapters to those subjects which have jelled sufficiently
to be used for reference purposes.

The net result will undoubtedly be subject to a certain amount of justified criticism.
We aren’t satisfied, either, so that makes it unanimous.

Looking back on this undertaking, we realize that a standard handbook on any sub-
ject has to grow up from year to year with the progress of the art to which it is devoted.
Now, with Frequeney Modulation set up on what should be an uninterrupted course of
development and expansion, we can promise you, as we have promised ourselves, that
future editions of the Standard FM Handbook will grow in usefulness as a reference work.

MivroNn B. SLEEPER
September 11, 1946

COPYRIGHT 1946, BY MILTON B, SLEEPER

Published by FM Company, Great Barrington, Mass.
NEW YORK OFFICE: 511 FIFTH AVENUE
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Chapter 1

Background of Frequency Modulation

Testimony by Major Armstrong before Senate Interstate Commerce Commlttee
Reviews Larly Strugg,les of FM for Recognition

N December 6, 1943, Major Edwin 11
Armstrong appeared before the Senate
Interstate Commerce Committec which,
under the chairmanship of Senator Burton
K. Wheeler, was charged with investigat-
ing the need for new legislation to amend
the Communications Act of 1934.
Taking part in this hearing, in addition
to the Chairman, were Senators White,
McFarland, Moore, and Hawkes. After
the customary preliminaries, Major Arm-
strong was asked:

Tue CHAIRMAN: You might give us,
briefly, your experience in connection
with the radio art.

Dr. ArMsTRONG: My experience in the
radio art began in 1906, and my connce-
tion with it has been continuous since
that date.

I am the inventor of the regenerative
circuit, the superheterodyne method of
reception, the super-regenerative circuit,
and the method of eliminating disturb-
ances in radio signaling which has become
known as Frequency Modulation, or FAM.

For the sake of the record, I would like
to say that the regenerative circuit inven-
tion, which was made in 1912, revolu-
tionized the then existing means of radio
communijcation and made possible over-
seas reception and radio broadcasting.

The superheterodyne principle is used
in practically all receivers manufactured
today.

The super-regenerative circuit is widely
used in portable equipment and has been
used extensively in military applications
in the present war.

The FM system is also being used by
the Armed Forces of the United States.
Since March of 1941 I have waived all
royalty payments under my patents for
apparatus manufactured for this use, and
this waiver continues for the duration of
the war.

I am the recipient of the Medal of
Honor of the Institute of Radio Engineers,
the Holley Medal of the American Society
of Mechanical Engineers, one of the Na-
tional Modern Pioncer Awards on the oc-
casion of the one hundred and fiftieth
anniversary of the American Patent Sys-
tem, the Franklin Medal of the Franklin
Institute, the Egleston Medal from Co-
lumbia University, the John Scott Medal
awarded by the Board of City Trusts, City
of Philadelphia; and the Edison Medal of
the American Institute of Electrical Engi-
neers. These awards I have listed only
becanse there exists a difference of opin-
jon between the scientific world and the

courts on a matter which may come up
during the course of this hearing.

I served overseas in the Signal Corps
of the A.E.F. from 1917 to 1919. With
that exception, I have been continuously
engaged in radio work in the Iartley Re-
search Laboratory at Columbia Univer-
sity, where I am at present professor of
electrical engineering.

Tt is my understanding that this com-
mittee is particularly interested, insofar
as I am concerned, in any information
which I have that bears upon the effects
that the FM system may have upon post-
war broadcasting and communications.
There is not the shadow of a doubt but
that the effect will be a revolutionary one.
It has already been so, particularly in the
ficld of broadecasting.

It seems to me, Mr. Chairman, that
perhaps the best way to convey a picture
of what is about to happen is to tell you
something about the past history of this
invention and explain how it has devel-
oped. There is, 1 believe, a lesson which is
of great importance to the future develop-
ment of the art. But I will, of course, pro-
ceed in any way which the committee
would like to have me do.

Tue Cuairman:We wanted you to go
ahead and explain something about the
engineering problems of FM, and any
other problems of the radio art you may
see fit to talk about. In other words, some
of us want to get a little education as we
go along.

Dr. ArmstroNG: Well, Mr. Chairman, I
will do my best to try to make clear a
complex technical principle, and I will
try to forecast as best I may what the
effect of the invention and the system
popularly known as FM may have on the
future of the broadcasting and communi-
cations art.

I suppose in order to make clear what
the FM principle is, I will have to go back
quite a ways in the history of radio. Along

" about 1914, after the invention of the

regenerating circuit, which revolutionized
the radio art at that time, the problem of
static interference became the great prob-
lem of the radio art. Practically everyone
in the engineering part of radio undertook
to try to solve it. The results were un-
successful, and for a great many years the
reason for the failure was unknown. Even-
tually it was understood that the reason
static could not be filtered out from the
radio waves was because static was prac-
tically identical in nature with the waves
that we were using in trying to com-
municate with them.

Around 1924 the problem was practi-
cally given up as an insoluble one. I had
started to work on this problem in 1914,
and along about 1924, after I too had con-
cluded it was an insoluble problem, T got
an idea which led me into a line of re-
search which resulted in the discovery of a
new principle. That principle was that the
way to overcome the effects of static was
to produce a kind of wave which was
different in character from the kind of
wave which static disturbance could pro-
duce. But the way it was done was by the
use of a method of modulation which was
very old in the art.

This method of modulation dates back
to the time when I was a student at Co-
lumbia University, but by using it in a
new system and in a particular way, it
became possible to generate a wave which
was different from the static disturbance,
and to make a recciver which was intmune
or refused to respond to waves of the
ordinary kind, or to those waves produced
by static, and which was responsive only
to the new type of wave. Now that system
has become known as Frequency Modula-
tion or, for short, FM.

Compared to the existing system, or the
system which was in use at the time this
discovery was made, the static disturb-
ances are reduced in power by an order of
500 to 1,000 times. I do not hesitate 1o say
that that is beyond the wildest dreams of
any inventor, to ever have had the good
fortune to run into a discovery of that
kind.

Around 1933 I had succeeded in setting
up in my laboratory a complete demon-
stration of the system, with measiring
equipment, to demonstrate the moise-
reducing capabilities of the system.

Toward the end of 1933 this invention
was brought to the attention of the execu-
tives and engineering department of the
Radio Corporation of America. At that
time no one credited any static eliminator
which was demonstrated only in the lab-
oratory, from one room to another. So the
equipment was moved in the spring of
1934 to a station owned by the National
Broadcasting Company, and located on
the top of the Empire State Building in
New York City. It was a relatively low
power television station which was then
not in operation, and I modified it to work
as a frequency modulation system.

The original tests of the system were
made in June 1934 over a distance of 70
miles. The results showed that, during
periods of heavy static, a transmitter op-
erating on power of only 2 kilowatts was




capable of outworking a 50-kilowatt stand-
ard broadcasting station.

For a period of about a year, I con-.

tinued the demonstrations but was unable
to persuade the Radio Corporation of
America to take the next step, which was
to build a high-power transmitter which
would give a strong enough signal to wipe
out the bad spots which occur in the
broadcastingof ultra highfrequency waves.
I should like to add here that in the long
series of tests which were conducted by
the Radio Corporation of America, there
were found certain bad spots in the
coverage pattern, and the logical next step
to overcome this difficulty was the erec-
tion of a higher power transmitter.

In the end of April 1935 I decided that
I would have to take the job myself of
erecting a high- power station, and I wrote
to the Radio Corporation of America’s
manufacturing department asking them to
give me a quotation on some power equip-
ment. One week later the Radio Corpora-
tion of America announced that it was
starting a series of field tests of television;
that a million dollars would be spent
toward putting television into use.

Now, from that point the story that
the committee will be particularly inter-
ested in really begins.

SENATOR MoORE: When did you say
the announcemcnt was made that ex-
periments with television would be made
by the Radio Corporation of America?

Dr. ARMSTRONG: May 6, 1935, at the
annual meeting of the corporation’s stock-
holders.

Tee CHammaN: When was your ex-
periment completed, or substantially com-
pleted, with reference to FM?

Dr. ArRMsTRONG: With respect to dem-
onstrating it for the Radio Corporation of
America?

TaE CHAIRMAN: Yes.

Dr. ArmstroNG: The equipment was
left there until October of 1935. I turned
the equipment over to their engineers to
run further tests on it themselves.

TrE CHAIRMAN: Why was it that FM
was never adopted?

Dr. ARMsTRONG: I believe there were
two reasons, Senator Wheeler: 1) That
the technical advantages of this system
were underestimated at the time; and 2)
That perhaps it meant too many new
stations on new networks. As to which of
these two reasons was controlling, I do not
know at the present time.

In November 1935 I rcad a paper before
the Institute of Radio Engineers and cx-
plained fully the capabilities of this sys-
tem. No one questioned, either at that
time or since, any of the statements which
I made.

Toward the end of the year —

Tue CHAIRMAN: What year was that?

Dr. ArmstroNG: That was in 1935, in
November of that year, Mr. Chairman. I
might say here that the principal objec-
tion which was raised against the system
was that it could not work through the

man-made electrical disturbances, such as
automobile ignition, or the great variety
of noises which we have in cities, electrical
machinery, power lines, or the like. The
obvious answer to any of those criticisms
was to build a high-power station and
then demonstrate that the criticism was
unfounded.

When I approached the Commission,
which I did informally through an inter-
view with the assistant chief engineer, he
informed me that he was not satisfied I
had done anything in the public interest
that would warrant the granting of a

FM CAME UP THE HARD WAY

AJOR ARMSTRONG’S story of his

invention of Frequency Modulation,

as told in the U. S. Senate records, is an

Inspiration to the thousands of pioneer-

ing spirits who have carried the radio art

to its high leve! of achievement for peace
and war in the United States.

As Major Armstrong told the Senators:
*It isn't ignorance that causes the trou-
ble In this world; it’s the things that
folks know that ain’t so.’”’ That has been,
indeed, FM's greatest stumbling block.

This testimony reviews the early efforts
to eliminate static; the final acceptance
of the static problem, in the 1920’s, as be-
ing insoluble; the Major’s discovery of a
method by which static was reduced in
power to an extent beyond the dreams of
those who had quit trying; of newspaper
accounts which acknowledged that re-
ception from the 2kw. FM station he built
from an NBC television transmitter on
the Empire State Building was superior
at 85 miles to reception from 50-kw. AM
stations, yet ‘’‘Major Armstrong’s new
system is utterly Impractical —and the
quest for static elimination must go on.”

Fortunately, that quest did go on.
When the assistant chlef engineer of the
FCC refused Major Armstrong’s request
for permission to build a high-power FM
station, he still persisted, and a con-
struction permit was finally granted.
The station was built and Its perform-
ance confirmed Major Armstrong’s theo~
retical conclusions.

The story of the fight to overcome the
obstacles of opposition and indifference
to the advantages of FM, as disclosed in
this testimony, is a fascinating story,
and supplies background to the plans
now being made for the postwar expan-
sion of FM broadcasting.

The testimony published here is taken
from the 1022-page record of '"Hearings
before the Committee on Interstate Com-
merce, United States Senate, Seventy-~
Eighth Congress, First Session, on S,
814, a Bill to Amend the Communications
Act of 1934, and for Other Purposes.”

license. Not even though I was spending
my own money to demonstrate this prin-
ciple. He suggested that I build a 1-kilo-
watt low-power FM transmitter and com-
pare it with an AM transmitter. In other
words, do exactly the same thing which I
had already been doing for the past 2 years.

Tue CuairMan: Who was that?

Dr. ArmsTtRONG: Mr. Andrew Ring,
who was then assistant chief engineer of
the Federal Communications Commission.

The CuAIRMAN: You may proceed with
vour statement.

Dr. ARMSTRONG: About the same time
also there appeared in the Boston papers
an interview with Mr. Ring labeling this
invention a visionary dream. I can supply
the committee with a copy of the articles
as they appeared in the press, such as the
Boston Globe and the Christian Science
Monitor, they being the two papers I saw.

SENATOR McFarvanD: What was the
substance of that interview? I did not
catch what you said.

Dr. ArmstrRoNG: The interview was
given by Mr. Ring to one of the editorsof
Broadcast Magazine who syndicated it
through the press. How many other news-
papers carried it I do not know, sir, but 1
did get copies of the Boston Globe and the
Christian Science Monitor.

SENATOR McFarLAND: What was the
substance of the interview?

Dr. ArMsTRONG: 1 will look it up.

Tue CHAIRMAN: You can put it in the
record later on if you do not have those
clippings at hand.

Dr. ArmsTrONG: I am sorry. I thought
I had them right here.

THE CHAIRMAN: You can furnish them
to the clerk of the committee later on to be
inserted in the record.

Dr. ArmsTRONG: The substance of the
interview was that it was an impractical
invention; that the receivers required too
many tubes; that it would have to work
in the ultra-high frequency range, and
that that had not been made commer-
cially possible by the Commission; and,
in general, if it was of any interest it was
years away.

TueE CuammmaN: When was it that you
gave a demonstration at Senator White’s
home which I attended?

Dr. ArmsTtrRONG: I would say about
February 1940, Mr. Chairman.

SENATOR McFarLAND: What became
of Mr. Ring?

Dr. ArmsTrRONG: Mr. Ring has not
been with the Commission for several
years. I believe he is in private consulting
practice, engineering FM stations.

SENATOR MCFaRLAND: That is rather
surprising. Mr. Chairman, in view of the
last answer by the witness I think the
interview will be of especial interest to the
members of this committee.

THE CuairMaN: Very well. It will be
furnished by Dr. Armstrong when he can
get opportunity to find them.

Dr. ArmsTtrONG: I will be glad to do
that.

. »* » » *

Mr. Ring's interview, afterward fur-
nished by Dr. Armstrong, is as follows:
(From the Christian Science Monitor, November

18, 1935)

FINAL USE OF ULTRA-SHORT WAVES
FOR STATICLESS RADIO FORECAST
A staticless era under ultra-short wave pro-

gram radiocasting is foreseen by Andrew D.

Ring, chief broadcast engineer of the Federal

Communications Commission, after having

viewed the new staticless transmitting system

developed by Major Edwin H. Armstrong of



Columbia University. Major Armstrong was
the inventor of the super-generative circuit
which is employed by most radio amateurs in
5 meters.

If the time comes when ultra-short waves
are used for program radiocasting, Major
Armstrong’s new staticless circuit will become
of value. (Ultra-short waves are those below 10
meters.) The new circuit, however, is imprac-
ticable today on the present 200-500-meter
radiocasting band. It is obvious, however, the
crowded condition of the radiocast channels
may one day cause entrance of radiocasters into
the ultra-shorts where there will be room for
many more hundreds of radio stations than
there are at the moment on medium waves.

Frequexcy MopuraTioN
Major Armstrong’s new system, which em-
ploys frequency modulation, is too complex for
the final answer, according to Mr. Ring, who

Major Armstrong’s staticless circuit, the Moni-
tor is indebted to Martin Codel, Washington
radio writer, for a very clear deseription of the
method the Major employs.

“Stripped of its technical ramifications,”
Mr. Codel says, “the system employs a multi-
plicity of so-called ‘carrier waves’ — the tracks
along which radio impulses are conveyed —in
lieu of the present single carrier wave. Assume
that radio sounds are comparable to a high-
speed train, traveling along a monorail (single
carrier wave). Then liken the ‘modulation’ of
the carrier wave (i.e., the superimposition of
sound amplitudes on it) to the right-ol-way
of the railroad.”

i Over WIDER PaTH

“The Armstrong system,” Mr. Codel con-
cludes, “while utilizing only one carrier wave,
spreads this carrier during modulation over a
right-of-way of 200 kilocycles. The result is a
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onstrated by his invention (during the war) of
the superheterodyne circuit that makes mod-
ern radios so highly selective and semsitive,
Mr. Ring sees two big obstacles in the way
of “frequency modulation,” which he calls a
visionary development many years in advance
of broadcasting’s capacity to utilize it.

In the first place, it requires a 200-kilocycle
path of frequencies for the transmission of its
interference-free and noise-free signals —and
such wide avenues of ether are simply not
available today except among the plentiful
ultra-short waves which are still labeled ex-
perimental. In the second place, it is so complex
that it requires, at least in its present stage’of
development, a receiving set of 57 tubes, which
is out of the question as a commercial and
marketable possibility.

IMPRACTICABLE AT PRESENT
Major Armstrong has demonstrated quite
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FIG. 1. FREQUENCY ASSIGNMENTS AS ESTABLISHED BY THE FEDERAL COMMUNICATIONS COMMISSION, OCTOBER, 1937 TO MAY, 1940

sees two obstacles in the way of this new radio
circuit which he calls “a visionary develop-
nmient years in advance of broadcasting’s capac-
ity to utilize it.”

First, it requires a 200-kilocycle path of
frequencies for the transmission of its inter-
ference-free and noise-free signals — and such
wide avenues of the ether are simply not
available today except among the plentiful
ultra-short waves which are still labeled “ex-
perimental.” Second, in its present stage of
development it requires a receiving sct employ-
ing 75 tubes which is out of the question as a
commercial and marketable possibility.

Major Armstrong has been experimenting
with his new systein from the R.C.A. experi-
mental ultra-short-wave station atop the Lim-
pire State Building and he demonstrated quite
satisfactorily how he transmitted high fidelity
voice and music for distances up to 85 miles
with lcw power and without a trace of the buzz-
ing and frying sounds that are characteristic
of lightning and other atmospheric interference.
Indeed, the reception with his system was more
satisfactory than that from 50,000-watt sta-
tions over the same distance. Hitherto it has
been assumed that high power is the only way
to override static—and the trend in radio-
casting today is toward higher and higher
powers.

While those familiar with radio circuits have
not been able to get intelligible descriptions of

dissipation of the sound over a wider path and
its transmission and reception with much
greater clarity. That this is achieved by Arm-
strong is entirely admitted by radio engineers.”

(From the Boston Sunday Globe, November 17,
1933)

INVENTS RADIO WITHOUT STATIC

If and when the ultra-short waves are
adopted for program broadeasting, which will
mean a plenitude of wave lengths for thou-
sands of local stations as against 96 channels
on which about 800 North American stations
are now crowded, the new ‘‘staticless” trans-
mitting system devecloped by Prof. Edwin H.
Armstrong, of Columbia University, will pro-
vide a revolutionary new departure in radio.
Under the present system of broadeasting on
the interinediate waves between 550 and 1,500
kilocycles, Major Armstrong's new system is
utterly impracticable —and the quest for
static elimination must go on.

This is the conclusion of Andrew D. Ring,
chief broadeasting engineer of the Federal
Communications Commission, who saw the
demonstration of Major Armstrong’s new
“frequency modulation™ system before the
Institute of Radio Engineers in New York last
week. Though he pays high tribute to Major
Armstrong’s inventive genius, already dem-

satisfactorily how he transmits high-fidelity
voice and music for distances up to 35 miles
with low power and without a trace of the buzz-
ing and frying sounds that are characteristic
of lightning and other atmospheric intesference.
Indeed, the reception with his system is more
satisfactory than that from 50,000-watt stations
over the same distance. Hitherto it has been
assumed that high power is the only way to
override static ~— and the professor, one of the
veterans of wireless, is iighly enthusiastic about
his system as the answer to thie static problem,
bane of most distant reception.

The Armstrong system, while utilizing only
one carrier wave, spreads this carrier during
moidulation over a right-of-way of 200 kilo-
cycles. The result is a dissipation of the sound
over a wider path in its transmission and re-
ception with much greater clarity. That this is
achieved by Armstrong is entirely admitted.

The possibility, however, of securirg ether
paths as wide as 200 kilocycles is virtually nil
under the present system of broadecasting.
Used in the present broadeasting band, it
would permit of only about 5 channels of
transmission, or 1 where 20 are now available.
It would render modern broadcasting entirely
obsolete, quite aside from the fact that it would
require brand-new types of receiving sets to
pick up its signals.

On the ultra-short-wave lengths, which be-
come more numerous and the use of which

3



ean be duplicated about every 100 miles, it is
very likely that the Armstrong system could be
used to good advantage. The ultra-shorts,
however, have practically no audience today
even for the few experimental stations operating
on them. It is improbable that they ever will
have a substantial audience unless and uuntil the
Washington authorities decree that they shall
be used for regular commercial broadcasting
purposes. Even then entirely new audiences
will have to be built up to tune them in — audi-
ences equipped with entirely new types of re-
ceiving apparatus.

* ok ok Kk ok

Tue Cuamyax: You may continue
vour statement, Dr. Armstrong.

Dr. ArvstroNG: | was unable to seeure
Mr. Ring's approval to construct a high
power I'M station, and during the carly
part of 1936 I made the acquaintance of
Mr. IHorace Lohues, who is an attorney
practicing before the Commission, who
succeeded in securing for me the neces-
sary permission in July of 1936. I believe
the chief engineer of the Commission at
that time, Commander Craven, overruled

Frequency Allocations between 40 and 129 Megacycles

small black slices were all that were
allocated to FM.

Now, this allocation was on an experi-
mental basis. The theory on which the
allocation was set up was a good one; it
was that the Commission could not at
that time fully determine the necds of the
different services, but that as they de-
veloped this allocation would be revised,
as one service developed faster than an-
other and showed the need for greater
space.

Sexaror MceFarLaxn: Mr. Chairinan,
I regret to have to leave this very inter-
esting discussion but it is necessary for me
to go to another committee. I do not want
the witness to think that my leaving the
room shows a lack of interest. I will read
your testimony, Dr. Armstrong.

br. ArystronG: Thank you.

Tue CuamyaN: You may continue
vour statement.

Dr. Armstrong: While this allocation
to FM was ample for the purpose of mak-
ing a demonstration, yet it had a very
unfortunate cffect. It had the effeet of

May 1940 to Date
Government
Television
= Amateur

FM = Frequency Modulation

I gave several hundred demonstrations,
scores of lectures thiroughout the country,
and gradually converted a large number
of broadcasters to a belief that the FM
system was the system of the future.

Now, those converts were not thie major
chains. They were the men who had small
stations, who never could hope to get into
the front row of broadcasting, as it were,
with a 50-kilowatt station. But they were
willing to go into this new development
where they could get a scat in the front
row.

About 150 applications had heen filed
in the beginning of 1940, when there was a
hearing before the Communications Com-
mission, set for mid-January of that year,
to consider making permanent the tele-
vision assignments shown in the chart and
to make television commercial.

Had that been done FM would have
been hamstrung for all time for lack of
space. It would never have survived that.
There was also sct a hearing, for March
1940, in which the question of allocating
more space to the service of FM broad-
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the position which the assistant chief
engineer had taken.

In June 1936 there was held a hearing
by the full Commission to determine how
the higl frequencies, that is, frequen-
cies from 80 megacycles up, were to be
allocated. At that time only two men
spoke in favor of the FM system, myself
naturally, and the chief engineer of the
Yankee Network, a small network operat-
ing in New England, Paul de Mars. As a
result of that hearing, in which the claims
of television broadeasting were also con-
sidered, an allocation was made by the
Commission, under I believe General Or-
der 19, which as finally set up in the fall
of 1987 resulted in the allocation which
1 have blocked out on the chart I now
hand to you gentlemen. The squares
marked “T” are, as I have indicated,
television. The “G” represents space al-
located to governmental purposes, the
“A” represents amateurs, and the two
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leading the rest of the broadeasting art
to believe that the next major develop-
ment of the art would be television, that
it would not be Frequency Modulation
broadcasting, and that there was really no
place left in the spectrum for Frequency
Modulation, because obviously in either
one of these small blocks it would not be
possible to set up a national service, and
without a national service 110 new broad-
casting system could hope to succeed.

Tue Cuamman: That diagram may be
made a part of the record.

(The chart entitled ““ Frequency allocations
between 40 and 129 wmegacycles, October
1937 to May 190" is shown in Fig. 1.)

Tie CualryMaN: You may resume your
statement.

Dr. ArmsTRONG: The obvious next step
was to demonstrate to as many practical
broadcasters as possible the capabilities
of the IFM system. And during the suc-
ceeding 3 years I undertook to do that.

casting was to be taken up. That question
would have been moot had the purpose of
the January 1940 hearing been carried
through.

I appeared before the Commission at
that time and pointed out what the situa-
tion was; and I think for the first time it
was brought home to the Commissioners
what the situation was that had really
developed from the error of the June 1936
allocation.

The Chairman, Mr. Fly, stated that the
Commission would hold over its decision
on making the television assignments
permancnt, until they had been able to
hear the FM case.

Now, shortly thereafter*a very great
effort was made in the commercial world
to launch television, and to scll as many
television receivers on the number 1 chan-
nel as could be sold, to block up the logi-
cal place for FM to expand.

At the hearing in March 1940 — well, 1
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want to add just one thing before I go
into the March 1940 hearing. Television
had been given a limited commercial
status by an order of the Commission some
6 months prior to the time I am now talk-
ing about. That order was withdrawn
when it became apparent that there was
an attempt being made to fill up the No.
1 television channel with receivers, so
that no change in the allocation could be
made without working hardship on pur-
chasers of those receivers.

Now, getting back to the March 1940
hearing, the facts of the case and the needs
of FM for greater channel space, were
presented to the Commission, and as a
result of that the Commission took the
No. 1 television band,! allocated it to FM
and gave the band marked *“Govern-
ment” from 60 to 66, to television. So
that television had exactly the same
number of channels as before, but —

Electric Co., Mr, Chairman,

Tue CuairMAN: You may resume your
statement.

Dr. ARMSTRONG: At this point I want
to make this statement, that I have heard
the chairman of the Commission has been
accused of holding up FM. At this point
he certainly did not hold up FM. Another
chairman might well have done so, but at
this point Mr. Fly gave FM its greatest
boost. Later on regulations by the Com-
mission did hold up FM, and they are
still doing so.

Tuk CuairyMan: In what way?

Dr. ArmsTrRONG: The invention, Mr.
Chairman, is 10 years old. There are still
no channels assigned for relaying pro-
grams of FM about the country. It is one
of the great developments which is surely
coming, and that will he the relaying of
FM broadcasting around the country
without the use of connccting wires.

Frequency Allocations between 40 and 129 Megacycles

(With Modification Proposed by F.M.B.1)

the allocation of these frequencies to
television and Government, and that there
is no space available.

Now, that reason was given a good
many years ago, when allocations were
based on the theory that everything about
radio was known for all time; that there
was a certain limited amount of spectrum,
and that it had to be allocated among
the different services. But I think the en-
gineering department of the Commission
has gained wisdom since that time.

SeENaTor HawkEs: Has gained what?

Dr. ArmstroxG: I think the engineer-
ing department of the Commission since
that time has acquired much wisdom.

Sexator Hawkes: It is to be hoped so.

Dr. ArystRONG: And I believe that we
will in the future have much more sympa-
thetie treatinent of that particular request
for relay channels.

Sexatorn Hawkes: But their position
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FIG. 3. REVISION OF THE FM BROADCASTING BAND, PROPOSED TO THE FCC BY FM BROADCASTERS, INC.

SExaTtor WuiTE: What do you mean
by “the No. 1 television band”?

Dr. ArMsTRONG: I am sorry, Senator
White, as I should have explained that.
The No. 1 television channel is from 44
to 50 —

SExaTOR WihiTE: You mean the first
white block on the chart, to the left,
bearing a “T,” do you?

Dr. ArMsTRONG: Yes. That was moved
up into the position of 60 to 66, and the
television bands were renumbered. The
old No. 2 television band became the new
No. 1 television band. And with that the
enthusiasm to promote television sub-
sided.

Tue Cuamrymax: When Mr. Ring left
the Commission didn’t he go with the
General Electric Company?

Dr. ArvsTrRONG: I believe Mr. Ring is
in private consulting practice. 1 belicve
that he formerly was with the General

1 This band, 44 to 50 me., was used by the R.C.A.
station on the Bimnpire State Building, New York City,
when this station opened officially at the time of the
World's Fair. (Kditor's Note.)

Tue Cuairyan: How did the Commis-
sion hold it up?

Dr. ArMsTRONG: The Commission has
never allocated a band of frequencies for
that purpose, although the bands which
could be utilized for relaying might be
anywhere in a region as far up as 300
megacycles or more. They have had it
under consideration. and perhaps if it had
not been for the war there would have been
something done about it. but nothing yet
has been done.

SeExator HawkEes: Dr. Armstrong, do
vou mean by that to say that they could
have made these available to FM without
intcrfering with the established channels
at all?

Dr. ARMSTRONG: Yes, Scnator Ilawkes.
There are vast spaces up in the upper fre-
quencies where, prior to the war, no
stations whatsoever were operating.

SeNaror Hawkes: What have they
given as a reason for not extending that
privilege, or that license, to you for FM?

Dr. ArMsTRONG: Informally that the
existing allocations system provides for

was at that time, when this hoped-for
wisdom you are speaking about had not
been acquired, was that they could not
make those assignments without inter-
fering with other assignments already
made; is that correct?

Dr. ArmsTrRoNG: Yes. That is, assign-
ments which had been made over large
arcas of the spectrum, where you could
take a receiver and listen from morning
until night and never hear a station. There
was plenty of room to put relays in.

There was another reason why the relay
broadeasting should have been put into
use. It would have been years before any
demand would have arisen for these
channels for the purpose to which they
were allocated, and by that time we would
have learned how, through using these
channels, to have moved the relay stations
on up into the higher part of the spee-
trum, out of the way of the demands of
some new service.

As this art develops you see more and
more the impossibility of making progress
under the rigid allocations of the past, for
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they were made on the theory that there is
a limited quantity or number of channels.
That is the lesson I am trying to get across
by relating the experience in FM, of get-
ting it under way; and while at the present
time FM has escaped that danger, the
danger of being blocked off, I want to
assure the committee that I as an inventor
am not anxious to run the risks again that
I ran in undertaking to put this thing into
use.

THaE CHAIRMAN: As Senator White has
just suggested to me, at that time no one
knew much about these ultra high fre-
quencies, I take it.

Dr. ArmsTRONG: Yes; that is true, Mr.
Chairman. A few of us knew, but it was
not possible by the use of the English
language to convert people to your point
of view. I haven’t that power of speech.
The only way that it could ever be done
was to build a station, set it up, and wipe
out by the demonstration of the things
that people knew that were not so.
(Laughter.)

SEnATOR MoorE: If that could be ap-
plied to other activities of the Govern-
ment, it would be very desirable.

Drk. ArmsTRONG: I do not know of any
other way of making progress in the radio
art. I have been in the field of inventing
since 1912.

SenaTor HAWKEs: Your experience in
proving what you knew yourself is very
similar to the experience of anyone who
has made a brand-new discovery in the
mythical field; isn’t that correct?

Dr. ArmsTRONG: Yes; that is true.
But in the ordinary type of human en-
deavor you are usually able to go ahead
without being blocked in any way. Now,
here was the case where if the engineering
department of the Commission made a
mistake, you never would get the op-
portunity to prove that you were right.
That is the lesson of the development of
FM. The history of all inventions is that
most enginecrs are wrong; at the time the
invention is made the only man who is
right is the inventor, and everyone else is
wrong. So that if you prevent him from
developing what his idea is, he will never
have the opportunity of making any
converts. It is a tough problem.

Tue Cuamrman: The inventor has to
prove that the other fellows were wrong.

Dr. ArmsTrRONG: Invention is going
aliead in the face of the established rules
of scientifc knowledge, and in showing
that it cither does not apply or it is being
wrongly applied. As Josh Billings has said:
“It isn’t ignorance that causes the trouble
in this world; it is the things that folks
know that ain't so.” (Laughter.)

SENATOR HAWKES: You will remember
that at the end of the Civil War some-
body suggested we ought to close the
United States Patent Office because there
was nothing new to be discovered.

Dr. ArMsTrRONG: Yes, Senator, I re-
member that very well.

I have a few copies of another chart

here which will illustrate the situation as
it is at the present time, in the same
frequency range of the chart I have al-
ready given you. I only have two or three
copics of this chart.

SExator WaiTE: Will you state again
what this is.

Dr. ArmstroNG: That is the existing
allocation between 40 megacycles and 129
megacycles, as it stands today.

THE CHAIRMAN: And it is your thought
that that is not sufficient.

Dr. ArMsTRONG: FM has developed so
much more rapidly than the majority of
people believed it could develop, that
additional space will be required.

(The chart entitled “‘Frequency alloca-
tions between 40 and 129 megacycles May
1940 to date” is shown in Fig. 2.)

Dr. ArmsTrONG: I have here a chart
which indicates what additional space is
now being asked for by the Association of
FM Broadcasters. It is just the same as
the charts which I have given you with
the exception that the No. 1 television
band is shown as allocated to FM broad-
casting.

(The chart entitled “ Frequency allocations
between 40 and 129 megacycles (with modifi-
cation proposed by F.M.B.1.)” is shown
in Fig. 3.)

SexaTor Hawkes: You may have
stated it before I came into the room, but
how many FM broadcasting stations are
there in the United States now?

Dr. ArMSTRONG: Around 50, Senator.
I do not know the exact number but it is
of that order.

SeEnaTor Hawkes: And that is related
to how many in the AM or standard
broadcasting field?

Dr. ARMSTRONG: Around 800, or per-
haps even more than that. Under the
present allocation there would be room
for many thousands of IM stations
scattered throughout the country, but in
congested areas, such as New York, Chi-
cago, and Los Angeles, the opinion is that
there are not enough channcls at the pres-
ent time, and as this art devclops at least
an addition of the present number 1 tele-
vision band ? will be necessary.

You can sce from looking at the charts
what a really small part of the spectrum
lhas been allocated to the service of FM
broadcasting. The natural habitat of
service such as television is in the higher
frequencies, and T have a further chart
which indicates that there is ample space
for television to expand up into the higher
frequencies.

(The chart entitled *‘Frequency alloca-
tions between 40 and 129 megacycles (with
modification proposed by F.M.B.1)” 1is
shown in Fig. 4.)

SExATOR HAWKES: In order to use these
higher spaces would it require a complcte
change in the apparatus.now used for
television?

Dr. ArmstrRoNG: It will require a

2 That is, 50 to 56 mc. (Editor's Note.)

change in the transmitter principally. The
difficulties of getting high power out at
the higher frequencies were very much
greater a few years ago than they are at
the present time. The point I want to
make, however, is that in order to get
enough television channels to operate a
national service, television must learn to
work in the higher frequencies. So it makes
very little difference whether television
starts at 50 megacycles and winds up in
the hundreds, or starts at 60 megacycles
and winds up in the hundreds of mega-
cycles. But it makes a very great difference
to the full development of the FM system.

Senator Hawkes: In other words, the
FM system can develop very much more
rapidly and successfully in the lower fre-
quencies.

Dr. ArMsTRONG: I believe so. It can
work in the higher frequencies, but I
think the position it is now in is probably
the best for it.

Tug CHAIRMAN: Was it your idea that
the industry engaged in AM broadcasting
was blocking FM? Or, to be specific, that
the Radio Corporation of America -was
blocking it? Was that your idea, as I
gathered from your statement?

Dr. ArMsTRONG: Senator Wheeler, I
would like to answer that question this
way: That if at the June 1936 hearing,
that is, the hearing before the Commission
which resulted in that very narrow alloca-
t