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Here’s why MYCALEX 410___

is the “Last Word” in

low loss insulation

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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Editor’s Introduction

HE preparation of the Standard FM Handbook may have-been an experience unique
in the annals of technical literature. The work of planning and correlating the chap-
ters was like trying to hold down a six-foot length of slippery eel 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 transmitters was planned originally. At that
time, we had data on RCA and REL equipment, representing reactance-tube and direct
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
Electric, 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. Here, changes and impending shifts in frequencies were responsible. As
for home receivers, very little data was available from manufacturers. The chief engineer
of one company said: “We’re going to hold up the release of complete data on our sets
until more of our competitors have finished designing their first models!” We couldn’t
blame him.

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 Yo, 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 Frequency Modulation set up on what should be an uninterrupted course of
development and expansion, we can promise you, s we have promised ourselves, that
future editions of the Standard FM Handbook will grow in usefulness as a reference work.

Mivron B. SLEEPER
September 11, 1946

COPYRIGHT 1946, BY MILTON B. SLEEPER

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

Price: Paper Bound $2.00 — Lifetime I.ibrary Binding $4.00
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Chapter 1

Background of Frequency Modulation

Testimony by Major Armstrong before Senate Interstate Commerce Committee
Reviews Early Struggles of FM for Recognition

N December 6, 1943, Major Edwin H.
Armstrong appeared before the Senate
Interstate Commerce Committee which,
under the chairmanship of Senator Burton
K. Wheeler, was charged with investigat-
ing tlhe 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 Cuairman: You might give us,
briefly, your experience in connection
with the radio art.

Dx. AvmstrRONG: My experience in the
radio art began in 1906, and my connec-
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 cireuit,
and the method of eliminating disturb-
ances in radio signaling which has become
known as Frequency Modulation, or FM.

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
communication 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 Pioneer 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
because there exists a difference of opin-
ion 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 Hartley Re-
search Laboratory at Columbia Univer-
sity, where I am at present professor of
electrical engineering.

It is my understanding that this com-
mittce 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
field of broadcasting.

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, I 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.

Tuae 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.
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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, I 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 m 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 receiver which was immune
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 to 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 measuring
equipment, to demonstrate the noise-
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
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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 high frequency 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.

SeEnATOR Moore: When did you say
the announcement was made that ex-
periments with television would be made
by the Radio Corporation of America?

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

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

DR. ARMSTRONG: 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 1985. I turned
the equipment over to their engineers to
run further tests on it themselves.

Tae CuammaN: 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 read a paper before
the Institute of Radio Engineers and ex-
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 —

Tre Cuamrman: What year was that?

Dr. ArmMsTrRONG: 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

2

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 T
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 level of achievement for peace
and war in the United States.

As Major Armstrong told the Senators:
tt]t isn’t ignorance that causes the trou~
ble in this world; it’s the things that
folks know that ain’t se.” 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 chief engineer of the
FCC refused Major Armstrong’s reguest
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 heing made for the postwar expan-
sion of FM broadcasting.

The testimony qulished 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.

TrE CrARMAN: Who was that? .

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

Tae CrARMAN: You may proceed with
vour statemernt.
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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 McFarranD: What was the
substance of that interview? I did not
catch what you said.

Dr. ArmsTRONG: 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 I
did get copies of the Boston Globe and the
Christian Science Monitor.

SENATOR McFArRLAND: What was the
substance of the interview?

Dr. ArmMsTRONG: I will look it up.

TrE CHATRMAN: 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.

TeE CHAalRMAN: 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.

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

Dr. ArmsTRONG: L would say about
February 1940, Mr. Chairman.

SenaToR McFarLaAND: What became
of Mr. Ring?

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

SeENaTOR 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.

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

Dr. ArmstroNG: 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
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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 becomne
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.

FREQUENCY MODULATION

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 Monz-
tor is indebted to Martin Codel, Washington
radio writer, for a very clear description 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-of-way
of the railroad.”

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

Frequency Allocations between 40 and 129 Megacycles

onstrated by his invention (during the war) of
the superheterodyne circuit that makes. mod-
ern radios so highly selective and sensitive,
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 frequeéncies 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-
ment 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 bf 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 set employ-
ing 75 tubes which is out of the question as a
commercial and marketable possibility.

Major Armstrong has been esxperimenting
with his new system from the R.C.A. experi-
mental ultra-short-wave station atop the Em-
pire State Building and he demonstrated quite
satisfactorily how he transmitted high fidelity
voice and music for distances up to 85 miles
with low 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,
1935)

INVENTS RADIO WITHOUT STATIC

If and when the ultra-short waves are
adopted for program broadcasting, 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 developed by Prof. Edwin H.
Armstrong, of Columbia University, will pro-
vide a revolutionary new departure in radio.
Under the present system of broadcasting on
the intermediate 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 s the conclusion of Andrew D. Ring,
chief broadecasting 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-
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satisfactorily how he transmits high-fidelity
voice and music for distances up to 85 miles
with low 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 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 highly enthusiastic about
his system as the answer to the static problem,
bane of most distant reception.

The Armstrong system, while utilizing only
one carrier wave, spreads this carrier during
modulation 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 securing ether
paths as wide as 200 kilocycles is virtually nil
under the present system of broadcasting.
Used in the present broadcasting band, it
would permit of only about 5 channels of
transmission, or 1 where 20 are now available.
It would render mbdern 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
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can 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 until 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.

* % % k¥

Tre CumamsaN: You may continue
your statement, Dr. Armstrong.

Dr. ArmsTroNG: I was unable to secure
Mr. Ring’s approval to construct a high
power FM station, and during the early
part of 1986 I made the acquaintance of
Mr. Horace Lohnes, who is an attorney
‘practicing before the Commission, who
succeeded in securing for me the neces-
sary permission in July of 1936. 1 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-
miental 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 needs 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.

SExATOR McFARLAND: Mr. Chairman,
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.

Dr. ArmsTRONG: Thank you.

Tre CHamrMaxN: You may continue
your statement.

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

I gave several hundred demonstrations,
scores of lectures throughout 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 the 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 seat in the front
row.

About 150 applications had been 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 set 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 thére was held a hearing
by the full Commission to determine how
the high frequencies, that is, frequen-
cies from 30 megacycles up, were to be
allocated. At that time only two men
spoke 1n 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 broadcasting 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
I 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 broadcasting art
to believe that the nmext 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 no new broad-
casting system could hope to succeed.

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

(The chart entitled < Frequency allocations
between 40 and 129 megacycles, October
1987 to May 1940 is shown in Fig. 1.)

Tue CHAIRMAN: 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 FM system. And during the suc-
ceeding” 8 years I undertook to do that.
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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 thinkifor 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
permanent, 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 sell 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, T
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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.

Tae CHAIRMAN: 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.

Tre CrARMAN: In what way?

Dr. ArmsTrONG: 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 be the relaying of
FM broadcasting around the country
without the use of connecting wires.

Frequency Allocations between 40 and 129 Megacycles
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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.

SenaTOorR HawkEes: Has gained what?

Dr. ArMsTRONG: 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. ArmsTRONG: And I believe that we
will in the future have much more sympa-
thetic treatment of that particular request
for relay channels.

Senaror Hawkes: But their position
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Senator WaiTeE: What do you mean
by “the No. 1 television band’?

Dgr. Armstrone: I am sorry, Senator
White, as I should have cxplained that.
The No. 1 television channel is from 44
to 50 —

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

Dr. ArvstrONG: 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.

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

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

t This band, 44 to 50 mec., was used by the R.C.A.
station on the Empire State Building, New York City,
when this station opened officially at the time of the
World's Fair. (Editor's Note.)

Tur Cuairman: How did the Commis-
sion hold it up?

Dr. ArmstronGg: 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.

Sexator Hawxes: Dr. Armstrong; do
you mean by that to say that they could
have made these available to FM without
initerfering with the established channels
at all?

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

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

Dr, ArMsTrRONG: Informally that the
existing allocations system provides for
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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. ArmstroNG: Yes. That is, assign-
ments which had been made over large
areas. 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
broadcasting 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 spec-
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

5
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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.

TrE 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 kmew that were not so.
(Laughter.)

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

Dr. 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.

Senxator Hawges: 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 engineers 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.

TrHE CrAmrMAN: The inventor has to
prove that the other fellows were wrong.

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

SeEnaTOR 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. ARMSTRONG: 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
copies of this chart.

SENaTorR WaITE: Will you state again
what this is.

Dr. ArMSTRONG: ‘That is the existing
aJlocation between 40 megacycles and 129
megacycles, as it stands today.

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

D=r. 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.

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

SenaTor 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.

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

Dr. ArMsTRONG: Around 800, or per-
baps even more than that. Under the
present allocation there would be room
for many thousands of FM 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 channels at the pres-
ent time, and as this art develops at least
an addition of the present number 1 tele-
vision band 2 will be necessary.

You can see from looking at the charts
what a really small part of the spectrum
has been allocated to the service of FM
broadcasting. The natural habitat of
service such as television is in the higher
frequencies, and I 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.)” is
shown in -Fig. 4.)

SexaTor HawkEs: In order to use these
higher spaces would it require a complete
change in the apparatus now used for
television?

Dr. ArmstRONG: It will' require a

3 That is, 50 to 56 mec. (Editor’s Note.)
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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. :

Tue 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-
tion to FM (Fig. 1) the Radio Corporation
of America as the recognized leader in the
industry, had said one thing, and that is,
that what Armstrong is saying as to the
capabilities of FM is true, then we would
never have had any of this trouble about
allocations. I am quite sure the Commis-
sion would have had nothing left to do
except to allocate a substantial band to
FM.

Tae Cuamman: Wouldn’t the Radio
Corporation of America make more money
with FM by reason of selling more equip-
ment, than by not having it?

Dr. ARMSTRONG: Yes, Senator Wheeler;
and there is a difference of opinion within
the Radio Corporation of America. One
part, I believe, wants to go into FM,
and another part does not.

Sexatror WHITE: I think everybody
recognizes, Dr. Armstrong, that you are
the final word in the development of this
branch of the radio art. I am a little curi-
ous on this point, because I have no
knowledge about it: What attention has
FM attracted in England, or in Germany,
orin other European countries? They have
lagged far behind us, haven’t they?

Dr. ArmsTRONG: The British did not
take it up as quickly as they should have.
I believe the reason for that was that when
they made inquiry to us through the es-
tablished channels in this country, the
possibilities were rather talked down to
them. I got that impression from talking
to some British engineers years later.

In Germany they fully appreciate the
advantages of FM, as shown by some of
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their technical publications which came
to my hand just before the war started.
But I have no information as to what they
have done with it since that time.

Senator Hawkes: Has FM developed
to any appreciable cxtent in any other
country than the United States?

Dr. ArmstrONG: No; I believe that
Canada is probably in second place, and
they are just beginning to go into it, or
were, prior to the war.

Tue CrAmMAN: Have you demon-
strated FM in England, or in any other
country? Have you tried to push FM in
other countries?

DR. ArMSTRONG: No, Senator Wheeler.
I have demonstrated it in this country
after I completed the construction of the
large station located at Alpine in 1939.
That aroused a great deal of interest, as
shown by the articles which subsequently
appeared in the British technical press. I
have no doubt that it will go into use
throughout —

plemented by the spoken word in order to
carry the point I wanted to make.

Tae CaHARMAN: Do I understand that
the spectrum from 129 to 200 can be
utilized in the future for FM broadcast-
ing?

Dr. ArMsTRONG: Yes; it can be utilized
for FM, television, and various cornmuni-
cation and relay circuits, all sorts of new
forms of communication will arise in there.

Tae Crairman: Your idea is that you
will not have to use telephone wires, that
you can communicate directly; is that
correct?

Dr. ArmstroNG: No. I do not believe
I have the imagination to go that far
ahead at the present time.

Tae CaamrMan: Then I misunderstood
you.

Dr. ArMsTRONG: I think that a great
many point-to-point communications will
be set up in there, and radio relays be-
tween broadcasting stations in different
regions, and perhaps eventually we will
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answer is, but should like to have it from
you.

Dr. ArMsTRONG: Yes: Of course, any
program can be sent over FM. If, how-
ever, the program comes from one of the
existing wire lines, while you will get the
full benefit of the suppression of static,
and will get a somewhat better quality
than you would if the program was sent
out over an AM station, you will not
realize the full advantages of FM because
the line transmission characteristics limit
it.

SenaTor WHITE: As a practical matter
any program that could be broadcast over
the standard broadcast bands could be
also transmitted by frequency modula-
tion?

Dr. ArMsTRONG: Yes; certainly Senator
‘White. And a great many stations that
are operating on FM now are doing that.

SenaTor Hawxkes: It is your conten-
tion that the quality of these programs
will be equal to or better than the quality
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Tae CHAmrMAN: In what State is that
station located?

R. ARMSTRONG: In New Jersey, just
north of the George Washington Bridge.

SenaTor HawkEes: Do you mean that
you demonstrated FM at the Alpine Sta-
tion to the representatives of Great Britain
and other countries?

Dr. ArmstronG: Yes. I have given
countless demonstrations during the first
year or two after the station went into
operation. And if it had not been for the
war the thing would now be in operation
in all parts of the world, and particularly
in the tropics where static disturbances
arc very great.

SenaTor Hawkes: Do I understand
that the Alpine Station went into opera-
tion in 19397

Dr. ARMsTRONG: The large station that
I have referred to. I had a small station
erected at the home of an amateur friend
of mine, with which I gave demonstrations
during the period of 1936 until the big
station was ready. But that was the case
where the demonstrations had to be sup-

50'TO 56-MC. BAND TO FM

see coast-to-coast networks. But I do not
want to predict at the present time when
that will be.

Senaror Warre: Will you state for the
purpose of the record whether there is any
difference in the type of program that can
be sent over FM transmitters and re-
ceived by FM receiving sets, than for
standard broadcasting?

Dr. ArMsTRONG: Yes; and I thank you
very much, Senator White, for reminding
me of that. I shouldn’t have forgotten it.

SexaTor WHITE: I got the suggestion
elsewhere. It was not original with me.

Dr. ArmstroNG: The quality of the
transmission is very, very much superior
to anything that can be done over the
existing AM system.

SenaTOR WHITE: That refers to the
quality of the transmissiom: I was inter-
ested to have you put something in the
record as to the type of program, whether
you can send the same type of program by

- FM that you can send under standard
- broadeasting. I think I know what the
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of the programs over AM; do I understand
that from your statement?

Dr. ArmsTrONG: Yes, Senator; but I
would go further than that. I would say
that they are much better, and that it is
even possible on transeriptions to put out
a program which is more pleasing than the
program which comes over a line of the
existing character and goes out on an AM
station. I have very definitely gotten that
reaction from the listeners to my Alpine
transmitter. '

Tae CaamMAN: You are speaking of
transcriptions. Is it possible to use a
transcription today which will be as good
as the voice coming over the radio from a
distant point over AM?

Dr. ArmsTrONG: Yes, Senator; I think
you can do a better job.

Tae CHAlRMAN: I was going to say I
had been informed that as a matter of
fact today you can do a better job on
transecriptions than you can by getting it
from the original point over the wire, be-
cause of the technical improvements in
transeriptions.

7
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Dr. ArmsTRONG: Yes; if the transcrip-
tions are sent out over FM, that is
certainly so, and transcriptions will in
the post-war period be very substantial-
ly better than they are at the present
time.

Tue Coamman: Then, so far as con-
cerns the announcing that a certain pro-
gram is a transcription, the need for doing
it or the reason for doing it will be to some
extent eliminated, will it not be — that is,
announcing that “This is a transeription”?

Dr. ArMsTRONG: I have seen transerip-
tions in the laboratory that, without such
an announcement, would be mistaken for
a direct pick-up.

THE CuarMAN: Yes. Some have con-
tended that the transcription is better
than the pick-up, that it can do a better
job. I was wondering whether that was
correct, in your opinion.

Dr. ArmsTrONG: I would not go so far
as to say —

Tae CaamrMAN: You would not-go that
far.

Dr. ArMsTRONG (continuing): That the
transcription is better than the direct
pick-up, but I think it can be made so
nearly equal to it that most people would
not know the difference.

Tae Crarrmax: Your idea is that the
transeription from FM could be made bet-

ter than the direct pick-up over AM.

today?

Dr.’ArvsTrRONG: Yes; that is my state-
ment, Mr. Chairman.

Tae CHAIRMAN : The main thing, one of
the principal things that you do, however,
in FM is to eliminate this static which you
get today in case of a thunderstorm or
many other things that come up?

Dr. ArmstronG: That is one of the
advantages of the system, although a
large number of the listeners who have
been interrogated choose the better qual-
ity as the principal advantage of the sys-
tem. I think it depends to a considerable
extent where the listener is located with
respect to the nearest AM station. If he
is out on the fringes of the AM station’s
range, then FM comes through clearly and
he thinks that the principal advantage is
in the noise-reduction feature. If he'is
located near an AM station, where he
doesn’t get much static, then the better
quality is the more striking difference
between the two.

Tre Cuamrvax: Now, would you ex-
plain to the committee the difference be-
tween AM and FM?

Dr. ArmsTrRONG: Mr. Chairman, I will
try my best. It is something that I have
been trying to do from the lecture plat-
form for the last 7 or 8 years, add it is
difficult because there is no good mechani-
cal analogy between the phenomenou
which occurs in Frequency Modulation
and anything with which we are familiar.
But I will do my best.

Tre Crarman: I should like to have
you tell us what the difference is in the
transmitter, too, and what the difference

has to be in your receiving set. Do it in
simple terms so that we can understand
it. .

Dr. ArmsTrRONG: In order to explain
Frequency Modulation, T have to explain
modulation; and in order to explain modu-
lation it is necessary to explain radio
transmission.

Radio transmission is really a fairly
simple thing. We have at the sending end
an elevated conductor of some sort which
is connected to an electrical pump at its
base which pumps electricity up into this
conductor and sucks it out again-a great
many times a second. The electrical pump
is what we call the transmitter. The num-
ber of times that the electricity is pumped
up and down may be in the hundreds of
thousands or millions of times a second.

By a process that we need not inquire
into, any other conductor located'at a

"distance has set up in it a feeble electric:

current which likewise goes up and down
in the wire or elevated conductor in the
transmitter. Now, that is electrical trans-
mission. It is not, however, electrical com-
munication. To get communication you
must do something at the transmitter;
modulate the current in the transmitter so
that the effect of that can be observed in
the receiver. The oldest way of doing that
is to change the strength of the current
which is going up and down the antenna
in accordance with the fluctuations of the
voice. That is called amplitude modula-
tion. The electrical pump. continues to
pqnhp at a constant rate, the same number
of times per second.

Now, in Frequency Modulation you do
not change the strength of the current in
the transmitting antenna, but you change
the speed .of the pump in accordance with
the fluctuations of the voice. That is, you
speed the pump up or slow it down; and
you may, and in practical FM broadcast-
ing you do, change the speed of the pump
from, let us say, 89,900,000 times a second
to 40,100,000 times a second, and that
can be done very accurately in accord-
ance with the flictuations of the voice.

TraeE CaarMAN: Does it eliminate the
fading that you get on radio at times, or
not?

Dr. ArmstroNG: That is another of the
advantages of the FM system, that it
does not suffer within its service range
from the present trouble which the AM
system has, and the FM system will work
beyond the fading range of our present
day AM transmitters if it is constructed
of high enough power and on a good
elevation.

At the receiving end, we have for- AM
a particular kind of receiver, and for FM
we have a different kind of receiver. The
FM receiver must not respond to ampli-
tude changes, nor must it respond to
small frequency changes, but must re-
spond only to the wide changes in the
speed of the pump at the transmitter.

Now, I hope I shall be spared from the
difficulty of undertaking to explain just
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how that process is brought about. When
I first explained it to the best men in the
industry, it usually took a week or two
before it sank in.

Tae CaatrMaN: We will not press you
for that.

Sexaror WrrtE: We know as much
now as we ever will. (Laughter.)

SenaTor Hawkes: Dr. Armstrong,
there is a converter that might be at-
tached to the ordinary receiving set that
has been receiving AM transmission, that
will receive FM ; is that correct?

Dr. ArMsTRONG: Yes, Senator, there
have been a number of devices which
make use of the loudspeaking part of the
AM set and which do it fairly effectively.
The static-reducing features of FM are
retained, but of course the quality is de-
pendent on the excellence or otherwise
of the loudspeaking system in the AM set.

SenvaTor Hawkes: Is there any neces-
sity of having anything other than this
converter we are talking about, to use
the ordinary set that people possess at the
present time, in order to get the results
you are talking about from the FM?

Dr. ARMSTRONG: No. That can be done,
provided there 1s a place to connect the
translator, as it is called, into the loud-
speaker system of the existing AM set.

SeEnaTOR HawkEss: Is there a place to
make that connection — that is the point
I have in mind — in most of the sets that
are now in existence?

Dr. ArmstrONG: If T had to hazard a
guess, I would say that probably less than
half of the sets now in existence would
have a place where such a connection
could be easily made.

Sexator Hawkes:. Thank you.

Tuae CuairMaN: You could, however,
have a receiving set for AM and FM in
the same cabinet, could you not?

-Dr. ArmsTrRONG: Yes, Mr. Chairman.
And T think that at the termination of
hostilities the great majority of sets will
be made that way. The manufacturers are
already making plans to include an FM
band on all sets selling beyond a certain
minimum value.

Tae Crarvman: Now, with the devel-
opment of FM can you have an unlimited
number of wave lengths, so that you can
have many more stations, or not?

Dr. ArmsTrONG: Practically so, Mr.
Chairman. I think that the number of
wave lengths is so large that we are going
to be limited by the number of stations
which communities —

Tue CrsmrMan: Can support.

Dr. ArysTrRONG: Can support, rather:
than by the lack of wave lengths to go
around.

Sexaror WHiTE: In your charts your
top band to which you make reference is
from 119, I think, to 129 megacycles.
How much farther into what I will call
the upper reaches of the spectrum do you
think we can usefully go?

Dr. ArmsTRONG: I hesitate to answer.

Sexator WaHITE: I do not know that
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anybody can answer that definitely, but
I thought I would like to have your no-
tions about it.

Dx. ArmsTrONG: Because I can remem-
ber when all the wave lengths above 1,500
kilocycles — that is 114 megacycles —
were considered so useless that they were
given to the amateurs, I really do not
know what the upper limit is going to be
for broadcasting.

Senxaror Warite: I do not suppose any-
body really knows the answer with defi-
niteness at this time, but I was just
curious. How much above 129 megacycles
are we now .going in any branch of the
radio industry?

Dr. ARMSTRONG: The highest frequency
that I know of that was used prior to the
war was around 500 megacycles. Since the
war that range has been exceeded many
times.

SenaTor Winre: What use, if any, is
being made of the many bands between
129 megacycles and 500 megacycles? Is
that area up in there being put to useful
purpose now?

Dr. ArMsTrONG: Prior to the war I do
not believe there were many applications
in there. Of course, now it is being put to
all sorts of military uses.

SExaTOR WiITE: The thing that im-
presses one witl: limited understanding of
all this is the tremendous advances coming
from day to day almost. I don’t know
whether I am right about it or not, but
my recollection is that at the last interna-
tional conference in ’38 they went only to
about 30,000 kilocycles in making their
allocations of the spectrum. Am I right
about that?

Dr. ArmsTroNG: I am afraid my recol-
lection doesn’t serve me on that.

SenaTor WhITE: I do not say that is
so, but my recollection was that we went
only to about 80,000 or slightly above. All
of this development beyond that really
has come in 5 years of time.

Dr. ArmsTRONG: Five or six years; yes.

Senxator WaiTE: Five or six years. So
that makes one a little timorous as to
speculating as to the future.

Dr. ArmstronG: I agree, Senator.

Tue Cuairmax: If phone lines are used
to connect FM stations can any better
tone quality be had on network programs
over FM than is now secured on AM?

Dr. ArmsTroNG: Senator, I am sorry.
Would you repeat your question?

Tue CHarman: I say, if phone lines
are used to connect FM stations will the
reception and the quality be any better

than it is over AM, in your opinion, on °

network programs?

Dr. ArmstroNG: Yes; if the existing
phones lines are used the quality is better
than over the existing AM stations. How-
ever, the full advantage cannot be ob-
tained.

THE CHAIRMAN: Does that complete
your statement?

Dr. ArMsTRONG: I think so, Mr. Chair-
man. I think that I ought to add just one

thing, perhaps; that if I have been too
hard on the engineering department of the
Commission in the past I want to say that
the engineering department of the Com-
mission at the present time is doing every-
thing in its power to help this FM system
get under way, and I think that we will
have all the channels that we need when
they have completed their studies of the
situation.

Tae CaairMAN : You think there will be
a big development in FM after the war?

Dr. ArMsTrONG: It will be the major
development in the radio art. There isn’t
any question about that, Mr. Chairman.
We will have television later. I am not
prepared to say how long it will take to
attain the same status as FM has now.
There is no ‘question at all but that, we
will have television, but the next develop-
ment and the one which has been the
logical development for the past 10 years
is the FM system.

SenaTor WHITE: I was going to say,
I don’t know where either the Commission
or the industry could find a better chief
engineer than the present chief engineer of
the Commission.

Dr. ArmstroNG: I would like to agree
with you on that, Senator, if I may. Mr.
Jett ¢ has done a very fine job In a very
difficult situation.

SEnATOR WuiTE: I think he has knowl-
edge and ability and character.

Dr. ArmstroNG: I agree there also.

(This concluded the taking of testi-
mony, and the session was adjourned.)

HIGH POINTS
OF FM HISTORY

HILE the technical details of Major

Armstrong’s invention of Frequency
Modulation were told in his original I.R.E.
paper, the story of his work was described
only in terms of measurements and
apparatus.

However, every engineer who has worked
over the solution of problems that re-
quired original tliinking knows that the
facts of science are only the outward mani-
festations of the very human struggle by
which they are produced.

Inventions are not created by mathe-
matics and equipment. They are only
tools. They are merely the means to the
end sought by the man who uses them.
They are of value only as he can relate
what they show to other knowledge, and
thus find the path which leads to ultimate
success.

To many an inventor, there is satisfac-
tion enough in finding the way to the
solution of a problem. But that is purely
selfish satisfaction for, if effort stops at
that point, there is no henefit to society,
and nothing real has been gained. Indeed,

3Mr. E. K. Jett was subsequently appointed &
member of the Commission. (Editor’s Note.)
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the work is wasted, and the invention is
lost if it is not carried on to a state of
reality in which it can perform useful
service.

It is very interesting to see how these
two phases in the invention of the FM sys-
tem were marked by log book entries in
the records kept at Westhampton Beach,
Long Island, and at Alpine, N. J.

The former was the location of the re-
ceiving equipment used for the first long-
distance tests of FM transmission from
the NBC station at the Empire State
Building. Alpine was the site of FM broad-
cast station No. 1, set up by Major
Armstrong.

The Westhampton tests, proving that
the FM system did show a tremendous re-
duction of static over AM on the same fre-
quency, represent the completion of the
first phase of this invention.

Exactly what took place on this occa-
sion is described in the entries reproduced
here from the original log: The first part
is in the handwriting of C. R. Runyon.
Entries from 11:15 to 11:45 were made by
George E. Burghard, at whose home the
equipment was set up. The conclusion was
written by Major Armstrong. Because the
reproduction is not entirely clear, this
record is set in type below:

Log —
Westhampton Beach, L. 1.

June 9, 1934 — Daylight Saving.

9:10 a.Mm. Received carrier from W2-
XDG (W2XF) — on amplitude — 1,000
cycle tone.

9:57 a.M. Frequency Modulation system
on at Empire State no modulation.

10:07 a.mM. 1,000 cycle tone, frequency
modulation.

10:17 a.m. Music — freq — modulation.

10:23.5 A.m. Perfect!

11:15-11:30 a.m. Changing from frequency
to amplitude modulation full carrier —
half carrier — Hundreds or thousands
(of times) more noise on amplitude.

These tests made with half wave ver-
tical pick up capacity coupled to 2nd
rf stage. Also coupled same antenna to
detector and still got perfect reception.

11:45 a.m. Put on V antenna and listened
to organ recital from chain. Low notes
fully reproduced.

1:00 p.m. W2XDG signed off. All tests
performed exactly according to Hoyle.
This experiment concludes just twenty
years of work on this problem. It is with
the deepest gratification that I record
here that my two oldest friends, George
Burghard and Randolph Runyon, old
timers who saw the genesis of regenera-
tion, took part in the culmination of this
work. An era as new and distinct in the
radio art as that of regeneration is now
upon us.

After ten years of eclipse, my star is
again rising.

Edwin H. Armstrong

The “culmination of this work” repre-
sented only the inventor’s personal satis-
faction over the evidence that he had truly
overcome static and that, in so doing, had
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not sacrificed but had  improved the
quality of reception.

He might very well have stopped at that,
point, for the system and its performance
were received by the industry with com-
plete indifference. Actually, on June 9th,
1934, while he was recording the conclu-
sion of the first phase of his work, the log
shows that'he was preparing to bring about
that ““era as new and distinct in the radio
art as that of regencration.”

The second phase extended over a period
of five years, spent in laying the ground-
work for the commercial application of
FM in the service of public interest, con-
venience, and necessity.

A year’s work at the Empire State
Building transmitter brought no progress
in the adoption of FM, and in the summer
of 1935 he was asked to remove his ap-
paratus to make room for television.
Comments on Major Armstrong’s paper
at the November, 1935 meeting of the
LR.E. with a few exceptions, generally
expressed the fecling that the system was
““a visionary development many years in
advance of broadcasting’s capacity to
utilize it.”

The exceptions were limited to engi-
neers whose experience dated back to the
days before broadcasting began, for they
had seen other revolutions take place.
Those who had come into radio with the
advent of broadcasting were unable to
visualize a revolutionary change.

Some engincers expressed surprise that
the man who had made such practical
contributions to the art as regeneration,
the superheterodyne, and super-regenera-
tion should propose the use of a system
so radical that it would require revision
of the entire broadcasting structure. Nor
did these engineers foresee that future
circumstances would bring about the
widespread use of FM in the police and
emergency fields, or that it would serve
on every front of a total war! Particularly
notable was the use of FM relays for com-
munications over the English Channel.

Since the demonstrations of transmis-
sion from the Empire State Building had
reached an inconclusive end in the spring
of 1935, so far as commercial application
was concerned, Major Armstrong set about
planning a 20-kw. FM transmitter of his
own. During this period, he had recourse
toamateur station W2AG, owned by C. R.
Runyon, at whose home an FM trans-
mitter was installed. This was used for the
demonstration at the  November, 1935
LR.E. mceting, and for scores of other
demonstrations up to the time Alpine
went on the air. The log of W2AG is
highly interesting, and its story may be
told some day.

There was opposition to this idea in the
engineering department of the FCC, but
in July, 1936 he was granted a construc-
tion permit for such a station to be erected
at Alpine, N. J. The permit did not be-
come effective until the end of 1936. In the
spring of 1987, construction was started.

Here were new difficulties to be over-
come, but the log of station W2XMN was
finally opened, and this entry was made on
page 1:

April 10, 1938
4:10 p.M. Frequency — Carrier on — 48.7

mc/600 watts input to transmitter
‘(Using temporary antenna).

This was not for purposes of transmis-
sion, but only to test for the proper termi-
nation of the antenna transmission line.

Subsequent entries were made during
the further progress on the installation un-
til, on page 132, the start of the first
regular schedule of FM broadcasting was
recorded:

Tuesday, July 18, 1939
First day — regular schedule on the air
at 10:50 A.M. — 80-kw. input. Programs
consisted of records played at Alpine.

4:01 p.M. WQXR programs 11:00 p.M.

Thus the second phase of the invention
of FM drew to a close, for the performance
of the Alpine station was conclusive and
convincing evidence to broadcasters and
manufacturers alike that a new era had
come to radio.

The manner in which it came about,
however, was not anticipated at that time.
‘While the early commercial stations were
being installed, and receivers for home
use were started in production, a state-
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RECEPTION AT WESTHAMPTON BEACH
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wide, 2-way FM communications system
was going into service for the Connecticut
State Police. Also, the performance of
FM, successful even beyond the hopes of
its sponsors, attracted the attention of the
Signal Corps, and led to a gruelling series
of AM vs. FM tests of communication
with tanks. When the scores were added,
FM was found to be far in the lead, and
orders were placed for quantities of FM
tank installations.

equipment in every type of military velii-
cle. FM equipment to the value of over
15 billion dollars was produced for our
Armed Forces. Col. Grant' A. Williams,
Chief Signal Officer of the 1st Army, said
this of its performance: “Wherever FM
and AM equipments are used for the
same purpose, FM proves distinctly su-
perior.”

Meanwhile, the evolution of FM broad-
casting has continued steadily. Since

e o e Y D

T DR NS LS S

In the midst of all this activity came the
attack on Pear! Harbor, followed by the
freeze order which stopped all production
of civilian military radio equipment. This
did not stop the progress of FM. On the
contrary, it was accelerated immediately,
for the war brought a heavy demand
from police departments, particularly in
cities along our coasts, for 2-way FM
apparatus.

At the same time, the mobile nature of
the fighting created the need for radio
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‘CONCLUDING REMARKS ON FIRST LONG-DISTANCE FM RECEPTION TESTS

Pearl Harbor nearly 800 applications have
been filed with the FCC for construction
permits to erect FM stations, and FM
circuits will be provided in all but the
cheap models of the new home radios.

Al this has come about because Major
Armstrong did not stop ten years ago
when the radio industry merely shrugged
its shoulders over an invention too far “in’
advance of broadcasting’s capacity to
utilize it.”

Few people remember now, if in fact
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many ever knew, the cheerful predictions
of some ten years ago that FM transmit-
ters, and more particularly FM transmit-
ters of the phase-shift type, were just too
complicated for broadcast work in any
practical sense of the word.

How strange and foolish today seem the
statements accepted then that: “You
can’t get that much power on the ultra-
high frequencies.” Today it is a demon-
strated fact that FM stations with up to
50 kw. can operate with the regularity and
reliability of standard broadcast practice.
For over five years the Alpine transmitter
has met this standard, most of the time
with 40-kw. operation.

The gap between the predictions of ten
years ago and the performance of high
power EM transmitters today means, of
course, that someone must have done a
great deal of very good and very hard
work. The success of the operation of sta-
tion W2XMN has depended on the work
of two individuals. Major Armstrong
gives Perry Osborn, the chief engineer, the
full credit for working an experimental
transmitter, giving a problematical 20 kw.
for a short time, into a device capable of
supplying 50 kw. in accordance with all
requirements of broadcast station reliabil-
ity. Charley Fowler, rigger, is given the
credit for keeping in operation a com-
plicated antenna structure through the
severe storms of every kind, including one
hurricane, which: have been encountered
since the station was erected.

The multitude of difficulties, expected
and unexpected, and the manner of their
solution, would make an interesting and
instructive story.

Now, 'as his Alpine station enters its
eighth year of scheduled transmission,
FM’’s period of service to men at war has
drawn to a close and its era of service to
society at peace has begun in earnest.
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Chapter 2

Theory of Frequency Modulation

Section 1: Amplitude Modulated and Frequency Modulated Waves

ECENT years have witnessed the
growth of a new system of radio com-
munication, which is having a revolution-
ary effect upon nearly all branches of the
radio art. This system, invented by Major
Edwin H. Armstrong, is sometimes re-
ferred to as “Wide:Band Frequency
Modulation.” More often, it is simply
called “FM.”

Not only does FM provide transmission
in which distortion is reduced to a very
low order, but it virtually eliminates noise
at the receiver, whether this noise be of
atmospheric or man-made origin. Further-
more, uncertainties due to interference
between stations and changing propaga-
tion characteristics which affect AM cir-
cuits are overcome by FM. For these rea-
sons, FM has gained a firm foothold in
radiotelephone communications as well as
in the broadcasting industry. Also, FM
has made possible many new services,
while others have been converted from
AM to FM.

The highly desirable characteristics of
FM are due in part to the nature of the
frequency-modulated wave and in part to
the design of the FM receiver. In order to
gain an insight into the methods where-
by the vast improvement in reception is
obtained, it is necessary first of all to un-
derstand the basic differences between
the amplitude and frequency modulation
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FIG. 1, ELEMENTARY AM TRANSMITTER

systems of radio telephone transmission
and reception.

Modulation * The continuous transmission

12

of a radio wave of constant amplitude, or
output power, and unvarying frequency
conveys no information to the listener,
other than that an unidentified station is
on the air. It becomes possible to transmit
intelligence on the wave only when one of
the characteristics of the wave, such as its
amplitude or its frequency, is subjected to
a controlled variation at the transmitter.
Modulation is the process of varying the
amplitude or the frequency of the wave in
accordance with the instantaneous varia-
tions of a control device, such as a tele-
graph key or a.microphone.

Amplitude Modulation * When the power out-
put of a radio transmitter is made to vary
above and below an average level in keep-
ing with the vibrations of a microphone
diaphragm, as in Fig. 1, the transmitter is
said to be amplitude-modulated.

The transmitter in Fig. 1 is of the most
elementary type, but will serve to illus-
trate a method by which amplitude modu-
lation can be accomplished. The circuit is
that of a tuned-grid triode oscillator in
which an' inductive load in the plate cir-
cuit causes regenerative feedback by way
of the plate-grid capacity of the tube. If
the losses in the tuned circuit are compen-
sated for by the transfer of energy from
the plate to the grid circuits, a radio fre-
quency current will be generated in the
tuned circuit. The frequency of this cur-
rent is determined by the values of induct-
ance and capacity in the tuned circuit.
The amplitude of the current will depend
upon the resistance of the tuned circuit,
assuming that the plate supply voltage
and other factors remain constant.

Most of the resistance in the tuned
circuit is introduced by the carbon-button
microphone in series with the coil and the
condenser. When the diaphragm is at rest,
the resistance of the microphone limits
the current to a definite level, and the
transmitter sends out a wave of constant
amplitude. As mentioned previously, the
presence of the unmodulated wave can be
detected in a receiver but the wave'is in-
capable of transmitting intelligence in
itself; it serves merely to establish a chan-
nel between the transmitter and the re-
ceiver, over which intelligence can be
sent by modulation. The unmodulated
wayve, therefore, is termed the ““carrier.”

If a sound wave now strikes the micro-
phone, the vibration of the diaphragm
causes the carbon granules to be subjected
alternately to increased and decreased
pressure. The resulting respective decrease
and increase of microphone resistance
causes the output of the transmitter to
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rise and fall in accordance with the vol-
ume and frequency of the sound, as shown
in Fig. 1. The frequency of the wave
remains-the same since the inductance and
capacity of the tuned circuit are not al-
tered appreciably during modulation.

Frequency Modulation * An elementary cir-
cuit for the production of a form of fre-

_quency modulation is shown in Fig. 2.

Here the carbon microphone of Fig. 1 has
been removed and a condenser microphone
is placed in parallel with the condenser
of the tuned circuit. The oscillator gen-
erates a current of a frequency determined
by the inductance of the coil and by the
sum of the capacities across the coil.
When a sound wave strikes the micro-
phone, the diaphragm is first. flexed toward
the back plate, increasing the microphone
capacity and hence also increasing the
total capacity acting across the coil. This
causes the oscillator to generate a lower
frequency. Subsequently the diaphragm

CURRENT AMPLITUDE

ONE CYCLE OF MODULATION

FIG. 2. ELEMENTARY FM TRANSMITTER

is flexed away from the back plate and the
frequency of the oscillator is increased,
because of the reduction in the amount of
capacity in the tuned circuit. If a louder
sound is made at the microphone, the
‘diaphragm is flexed more in each direc-
tion, and the frequency is varied to a
greater ‘extent. In both cases, since the
frequency of the generated wave has been
varied above and below an average value
by the action of sound waves on the micro-
phone, a form of frequency modulation
has been produced. Note that nothing
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eration of what occurs when the amplitude
or the frequency of the modulating voltage

Effects of Modulating Amplitude and Frequency *

has occurred during modulation to affect

the power output. Hence the am

th

is changed. In Fig. 8, the audio frequency
modulating voltage and the resulting am-

The contrast between the amplitude-
modulated and frequency-modulated car-
rier wave will be emphasized by a consid-

plitude of

e generated wave is constant during

modulation.

www americanradiohistorv com


www.americanradiohistory.com

plitude- and frequency-modulated carrier
waves are plotted to equal scales of time.

At the extreme left is illustrated the
condition of zero modulation. It will be
observed that the outputs of the ampli-
tude- and the frequency-modulated trans-
mitters are exactly identical, both being
of constant amplitude and unvarying
frequency.

Next to the right is shown a condition
of slight modulation at a low frequency,
such as would occur when a soft, low-
pitched note is sounded at the microphone.
In the case of the amplitude-modulated
wave, the output power rises and falls
over a narrow range, in keeping with the
very low level of the modulating voltage.
In the case of the frequency-modulated
wave directly beneath, there is no change
in output, but the frequency is increased
and decreased slightly, at a rate corre-
sponding to the modulating frequency,
and to an extent corresponding to the low
volume level.

Next to the right in Fig. 3 is shown the
effect of an increase in the amplitude of
the modulating voltage, the frequency of
the modulating voltage remaining un-
changed. This condition would be caused
when the same low-pitched note is sounded
at the microphone with greater intensity.
The successive radio frequency peaks of
the amplitude-modulated wave vary over
a greater range, in accordance with the
increased amplitude of the modulating
voltage, but the time taken to complete
cycle of variation is the same.

The frequency-modulated wave is ob-
served to rise to a higher frequency and
to fall to a lower frequency -than before,
but going through this cycle of change at
the same rate as before.

Further to the right are shown the
forms of the modulating and the modu-
lated waves when both the frequency and
the amplitude of modulation are in-
creased. This is equivalent to sounding a
louder and higher-pitched note at the
microphone. In the case of the amplitude-
modulated wave, the modulation peaks
and troughs are more pronounced, and
are created at a higher rate. The fre-
quency-modulated wave still has no varia-
tion of its amplitude, but shifts to higher
and lower frequencies than before, and
completes each cycle of frequency varia-
tion at a faster rate.

If the amplitude of the modulating
voltage is increased still further, as shown
at the extreme right in Fig. 3, so that the
negative peak of modulation would tend
to exceed the carrier amplitude, then the
amplitude-modulated wave is rendered
discontinuous and severe distortion of the
wave form of the modulation results.
This limitation upon the extent of modu-
lation is inherent in the amplitude-
modulated wave. Under the same condi-
tion of modulating voltage, the frequency
of the frequency-modulated wave would
simply increase and decrease over a still
greater range, the limitations of the range

i

being set by the transmitting and re-
ceiving - equipment rather than by the
nature of the wave.

Analysis of AM Wave % From the above physi-
cal concepts of the two types of modulated
waves, certain points of contrast are
already evident. Other significant differ-
ences can be discovered when each of the
waves is analyzed with a view to learning
the nature of its components.

At the top of Fig. 4 is shown a wave of
radio frequency F that is being subjected
to amplitude modulation by a modulating
voltage having a_sine wave form and an
audio frequency Fr. )

In describing the extent of the modula-
tion, it is customary to state the per-
centage relationship which the maximum
variation from carrier amplitude bears to
the carrier amplitude itself. For example,
if the amplitude of the modulated wave
on a positive modulation peak is twice the
carfier amplitude, then the percentage of
modulation is 100(2 — 1)/1 or 100 per
cent. Similarly, if the amplitude rises to
1.5 times carrier amplitude at a positive
peak of modulation, the modulation per-

centage is 100(1.5 — 1)/1 or 50 per cent.

However, in describing the extent of
modulation in equations of the wave, it is
more convenient to use the modulation
factor symbol M, which is the decimal
equivalent of the modulation percentage.
The condition show in Fig. 4 is that of
100 per cent modulation, equivalent to a
modulation factor M of 1.0.

In writing the equation immediately
beneath the diagram of the wave, it has
been arbitrarily assumed that the modu-
lated wave begins (when { equals zero)
at the positive maximum of the modula-
tion cycle. This assumption has been
made solely to facilitate the construction
of a clear drawing, and accounts for the
difference between the equation shown
and other equally correct forms which may
be encountered in textbooks.

By using the trigonometric identity
shown (for readers who are interested in
the mathematical procedure) the equation
is rewritten in the form which indicates
that the amplitude-modulated wave may
be regarded as the sum of three compo-
nents: 1) A component of the same am-
plitude and frequency as the unmodulated

MODULATION
PE

1=15Cos 2mFT + =

e T S I > ——
~ ki e
Iu -
> d
—m _ _mgmm oy o e e L — e - — CARRIER
N Ve AMPLITUDE
~ I -
0 4
AMPLITUDE - \ ﬂ AN | /’/\
MODULATED AN Y S
WAVE [ U -~ ~\/ u
>, < I
i a? \ I
: # N I
| 7 N :
i s ! ~N 1
| Fd 1 \\’
A7 ' ~U
. i |
! .
£QUATIONS 1=1(14MCos 2mFyT) Cos 2xFT, WHERE M=1y/l,, ABOVE
OF
AM WAVE CosACosB = £Cos (a+8) +1cos(a-8)

Mo cos 2n(F+FW)T +M—219c<:s 2n(F-F)T

I | e, B m

Aﬂﬂﬁﬂﬂ

mm\ﬂﬂ\ﬂﬂ
VU

UPPER \

VYV

I

I

;

i

|
SIDEBAND {\

COMPONENT V \/ v

|
!
!

/AWAWA

LOWER

AN AN NN /\/\/\/\J\JJ__
VUV VVVVVV

/\/\/\/\/\/\f\l

SIDEBAND
COMPONENT

YV VYV

VVVV WV }

FIG. 4. THE AM WAVE AND ITS COMPONENTS AT 100% MODULATION

www americanradiohistorv com


www.americanradiohistory.com

MOOULATED
RF AMPLIFIER

I

SEC.

0 Ae

EXCITER B WIS

B¢

MODULATION
TRANS FORMER
REC

MODULATOR

”lg AveLRER

FIG. 5. THE CIRCUIT ELEMENTS OF AN AM TRANSMITTER

wave, usually termed the carrier compo-
nent; 2) a component whose frequency is
higher than that of the carrier by the
amount of the modulation frequency, and
whose amplitude is directly proportional
to the modulation factor, but never ex-
ceeding half the carrier amplitude (called
the upper sideband component); 3) a
component whose frequency is lower than
that of the carrier by the amount of the
modulation frequency and whose am-
plitude is the same as that of the upper
sideband component. This component is
called thie lower sideband.

The carrier and the sideband compo-
nents have been drawn underneath the
modulated wave to a common scale of
time in order to facilitate graphical proof
that the sum of the carrier and sideband
components at any instant will equal the
value of the modulated wave at the same
instant. The vertical dotted lines repre-
senting several instants selected at ran-
dom will aid in checking this point.

It may be remarked here parentheti-
cally that many laymen unfamiliar with
the mecthods of mathematical analysis
doubt the reality of sidebands; others,
acknowledging that sidebands may exist,
are inclined to question the propriety of
looking upon the amplitude-modulated
wave as a single-frequency variable-
amplitude affair in one instance and as
the sum of three different frequency com-
ponents of constant amplitude in another
1instance.

The cardinal principle that guides the
mathematician in this matter is the
axiom which states that the whole is equal
to the sum of allits parts. Once it has been
definitely etablished that a given whole
is equal to the sum of certain components,
thereafter the whole, or the expressed sum
of all the components of the whole, can
be used interchangeably. It is only neces-
sary to observe all the laws of algebra and
to account for all components. Whether
the whole or the expressed sum of all the
components of the whole will be em-
ployed is merely a choice of convenierice
for attacking the problem at hand.

This principle finds very wide usage
in all mathematical work. For example,

to find the complement of an angle of

25°, one subtracts 25 from 90°. However,
to find the complement of an angle of 37°
15’ 22", one subtracts from 89° 59’ 60”’.

Similarly, when describing the opera-
tion of a deviee that is responsive to
voltage amplitude, such as a diode de-
tector, the amplitude-modulated wave
will be regarded as having a single fre-
quency and a variable amplitude. On the
other hand, when considering the effects
of a tuned band pass circuit upon an
amplitude-modulated wave, it is more
convenient to consider the wave as the
sum of a carrier component and side-
bands, because the effects of the circuit
upon the different frequency components
may not be the same. To keep the ampli-
tudes of the sideband components and
the carrier in their original proportion
with respect to each other, the band-pass
circuit must pass all three frequencies
with equal ease. This demands that the
band width be twice the modulating fre-
quency and that its tuning be centered on
the carrier frequency. In the usual case
where the wave is subject to amplitude
modulation at various modulating fre-
quencies; the band width must be twice
the highest modulating frequency, in order
that the amplitudes of the high audio
frequency components of the reproduced
sound at the receiver may have the same
proportion with respect to the low audio
frequency components as exists at the
microphone.

From the analysis of the wave shown
in Fig. 4, it .is also evident that during
modulation the amplitude of the carrier
frequency component is unaffected, but
two sideband components are added. This

means that the power in an amplitude-,

modulated wave is greater than that in an
unmodulated wave by the sum of the
two I’R products of the sideband cur-
rents. What is the source of this extra
power? What is its significance in trans-
mitter design?

The essential elements of a modern
amplitude-modulated transmitter circuit
are shown in Fig. 5. At the left is a radio
frequency amplifier which is excited from
an oscillator, either directly or through
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one or more intermediate amplifiers. At
the right in the diagram is an audio power
amplifier or modulator whose output volt-
age 1s applied in series with the plate
supply voltage of the radio frequency
