~ NOVEMBER

_ DEVGTED To ,msuumc\f Y HODULATION » FOR BRﬂkDCASTERS MAN-
| UFACTURERS, DEALERS, SERVICE MEN * Edited by M. 6. SLEEPER.




FIND OUT FOR YOURSELF—
THEN YOU CAN SELL OTHERS!

BROWNING F-M ADAPTER

Servicemen — learn how to install f-m con-
verters for operation with standard broadcast
receivers. Then you can double your income by
se||ing these units to your customers who have
sets or phono combinations capable of high-
quality reproduction. The Browning f-m converter,
equipped with an RF stage, can be purchased
partly assembled, or wired and ready for use.
Tunes 42-50 mc. Write for details and net prices.

BROWNING CABINET MODEL ADAPTER

The Browning cabinet model converter can be attached to any
standard receiver in a jiffy. In a favorable location, works with
simple antenna. Di-pole recommended for distance. 42-50
mc. tuning covers all f-m broadcast channels authorized by
FCC. Ideal for use where there is serious interference on
standard broadcast band. Has tuned RF stage. Whrite for details

and prices.

BROWNING F-M PARTS FOR SET-BUILDERS

The Browning tuning unit simplifies construction of experimental
f-m sets. 3-gang precision condenser for tuned RF stage. Shielded,
assembled 3 mc. broad-band IF transformers and air-tuned detec-
tion transformers also available for IF amplifier, limiter, and detec-
tion system. Write for details and prices.

ORDERS SENT TO THE FACTORY WILL BE FILLED THROUGH YOUR LOCAL: JOBBER
F-M BROADCAST TRANSMITTING STATIONS

Inquiries are invited concerning the Browning F-M modulation monitor, for reading

instantaneous frequency swing

BROWNING LABORATORIES Inc.

755 MAIN STREET WINCHESTER, MASS.



M. Serviceman. - -

Can. you take it, oo has
your business got you down ?

AN you still use a new idea to
Cget yourself into high gear, or
has your enthusiasm for making a
real success slowed down until you’ve
got into the habit of dragging along

in second gear?

How about that? Have you let your-
self get so tangled up with arguments
over what you charge for fixing $9.95
junk that you can’t see beyond your
workbench to ways to make real
money? — until the only thing new
is the headaches from keeping track
of new tube types? - to the point
where you think only of how little
you can charge for your work with-
out starving to death? — because it
seems as if you can’t find jabs that

pay a decent profit?

Well, if that’s the way you feel,
maybe you’d better pass this copy of
FM Magazine along to one of your
competitors — one who is really out
to make some money from his serv-
ice work. He’ll thank you for it be-
cause FM Magazine is the open door
to a whole field of activity for serv-

icemen — the opportunity that’s so

greatly needed — the chance to get

into the chips.

Is that so? — There’s no question
about it! Why, ‘““frequency modula-
tion’’ has had so much nation-wide
publicity that everyone knows about
it. You can make it the magic word
for More-Money-in-the-Bank. Climb
on the bandwagon and do your part
toward making it clear to all the
BCL’s you know that f-m is the
name for finer home entertainment.
Then, when you have planted this
idea, follow it up with a drive to
replace the old arks, which f-m has
made definitely obsolete, with new

f-m, a-m receivers!

FM Magazine will give you the
information you need. Then it’s up
to you to pass it along to your

customers.

Right now, f-m developments are
moving swiftly. The more active
part you take in getting the f-m ball
a-rolling, the bigger will be your
share of the profits, and the sooner

they will come in.
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WHAT

THE F-M
BROADGASTERS
HAVE TO SAY:

A Statement by John Shepard, 3rd, President of the Yankee Network and F-M Pioneer

HE buattle for adequate frequencies for the

national development of frequency modula-
tion as a superior grade of broadcast service 1s
belind us. Mannfacturers are now making
available f-m reeeivers for sale to the public.
It is time, therefore. that dealers, jobbers and
servicemen familiarize themselves thoroughly
with the henefits to be derived from frequency
modulation, and to acquaint themselves fully
with its operation.

There 15 a vast market for high quality
receivers, now that really high quality serviee
is heing transmitted. A receiver of high quality.
properly installed, will pay the listener real
dividends in interference-free.  crystal-clear
reception. It will no longer be necessary for a
listener to turn off his set because of unbearable
noise or cross-talk from other stations.

For over a year the Yankee Network has
provided f-m serviee of 16 hours a day to a
Jarge arca in New England which never before
had satisfactory. full-time reception. The
signal from WIXOJ at Paxton is now being
mereased materially by the completion of the
station s permanent antenna.

The Yankee Network s familiarizing the
public with this new development in a num-
her of wayvs. Tt is, for example, carrying spot
announcements at frequent intervals daily
over WNAC and WAAB. Sam Curtis, of our

technical staft; broadeasts a prograin every

Sunday from 12:15 to 12:30, known as F-M's
Information Box, in which he answers listeners’
inquiries, requests for explanation of inter-
ference problems, and questions about the
proper installation of f-m receivers.

We  have repeatedly  demonstrated  the
special advantages of f-m to large audiences
during the past year. and shall continiie to do
so i the future.

The publie will expeet the jobbers, dealers
and servicemen to be ina position to answer its
guestions concerning f-m. As is the case n
any other new development, the man who
has the answers will reap the benefits in sales.

Accompuanying the advantages of clearer
and more natural reception are the speecial
programs not available on standard broadecast
stations. WIXOJ (as well as other f-m sta-
tions) will provide at least two hours of pro-
grams daily which are planned specifically to
demonstrate the full fidelity of the f-m sys.
tem. As time goes on and the sponsored pro-
grams increase, the wider selection of high
calibre programs will result. In the interim.
the “hen and egg” dilemma. which held baeck
the broadeasters of the early twenties, will
not confront us this time. Broadcasters now
entering the f-m field are equipped to render a
high grade of service from the beginning and
are already giving the public the full advan-
tages of this new system.

WWW.americanradiohistorv.com



HE WINS AGAIN!
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"DEVOTED T8 FREQUENCY MOCILATION » FOR BROADCASTERS, MAN-
UFACTURERS: DEALERS, SENVCE MEN o Edred by M & MISERLR

HE WINS AGAIN!

HE dream of every inventor is to

perfect a means. or a machine
which will merit universal public use.
Few achieve this aim. Rare. indeed,
are those who then realize commen-
surate remuneration. Major Edwin
H. Armstrong. who gave radio,
snecessive  advancements,  the  re-
generative circuit and the superhet-
crodyne, and then threw in the super-
regenerative circuit for good measure
has succeeded in both respects.

On the basis of these contributions,
he ranks with the No. 1 inventors in
all fields. In return, although the
only payrolls on which his name has
ever appeared are those of the United
States Army and Columbia Umiver-
sitv. radio has made him one of the
wealthiest men in this industry.

For those whose inventions have
filled some universal demand. and
have sold their patent rights for
substantial sums, there remains but
one higher professional achievement.
That 1s to produce a supplementary
or superseding invention, creating a
related but independent patent situ-
ation with an overlving license set-up.

Now, to his former laurels, Major
Armstrong has added this crowning
achievement! His latest and greatest
contribution, the frequency modula-
tion system of radio transmission
and reception, is doubly remarkable
in the annals of invention, because
it not only supplements his super-
heterodyne  circuit  for  reception.
but it promises far-reaching effects
by making obsolete existing equip-

/CONCLUDED ON PAGE 19)
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SIGN OF A CHANGE

ANTENNA OF FIRST F-M RELAY TRANSMITTER HERALDS ESTABLISHMENT OF NEW BROADCAST
SERVICE TO AMERICAN HOMES. IT BEAMS YANKEE NETWORK PROGRAMS FROM BOSTON STUDIOS
43 MILES TO 50 KW. TRANSMITTER AT PAXTON, MASS. FREQUENCY IS 133.03 MC.
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R.E.L. F-M TRANSMITTER WHEC, ROCHESTER, N. Y., ON THE AIR 16 HOURS A DAY SINCE JANUARY

REVOLUTION FOR PROFIT

Need for Reviving Adequate Profits Is Behind Manufacturers’ Plans to
Push Frequency Modulation Receivers

HE greatest behind-the-scenes activity that

the radio industry has known in many vears
1s centered around Major Armstrong’s fre-
quency modulation system of radio transnus-
sion and reeeption.

Why is that? You may attribute it to the
fact that f-m opens the way to the elimination
of natural and man-made static. If so. vou
haven’t the right answer.

Or you may think that it is because a cor-
rectly-designed f-m receiver. operating from a
properly-installed transmitter, gives a degree
of tone realism that cannot be imagined until
it is actually heard. In thal case. vou are
wrong again,

As important as they are. these are con-
sidered only as contributing factors by which

a paramount result will be achieved. What is
that? Well, what is the greatest need today of
the manufacturers, jobhbers. dealers, and serv-
icemen? Obviously. this need is for something
that will be a reason for the public to buy radio
sets priced high enough to bring back real
profit to the radio industry.

Price-Competition Headaches * Just muke
mental picture from these elementary figures,
published by the U. S. Departinent of
Commerce:

In 1929. the greatest yvear the radio industry
has ever known, 4,500,000 sets were bought at
an average retail price (including tubes) of
$162. Then. after a sharp drop. annual produe-
tion went up and up to a reeord high of

wwWwW.americanradiohistornv..com



PAGE 6

REVOLUTION

FOR PROFIT NOVEMBER

4

WESTERNELECTRICBUILTTHIS F-MSTUDIO EQUIPMENT AND TRANSMITTER FORNEW YORK'S WOR

$.000.000 receivers built in 1989, However, the
average retail price of radio sets had dechined,
hy 1939, to a record low of $32!

In other words, the manufacturers produced,
and the dealers sold and servieed, twice as
many sets in 1939 as in 1929, but the value of
cach sale had dropped from $162 down to
$32 — a deeline of 80 per cent. Think of that

a dechine of 80 per cent!

If vou want to know what has gone wrong
with the radio business, you can figure it out
from the fact that now twice as many sales are
made per day, but five sales are required to put
as much money in the cash register as in 1929,

Just to forestall the comment thal 1929
figures do not give a true picture of the sitna-
tion. let’s take the figures for 1933, the vear
when so many people had no money because
it had been lost in bank failures. In 1933, only
3,800.000 sets were sold. but the average price
was $70, so that the dollar volume was almost
equal to 1939,

These figures show the desperate need of
something that will make prices move upward
from the irreducible minimum ol $9.95, to
which they have been brought by self-destruc-
tive competition.

Old Sets Superior to New * The radio indus-

try has shown itsell to be doubly shortsighted.

Price competilion is not necessarily destructive.
If better quality and grealer service go hand
in hand with increased sales resulting from
lower prices, then dollar volume and net profits
may increase.

Witness the policies of the automotive in-
dustry. Over a period of years, production
went up, prices wenl down, and quahity was
progressivelv improved. At a certain point,
however, prices of the leading makes became
stable from year to year, going up or down
slightly, but keeping at levels whieh assured
profitable operation. Then. new manufacturing
economies were no longer used to lower prices,
but to permil improvements in performance al
the same prices. Thus, the automotive industry
stilulated replacement sales from season to
season.

The radio manufacturers have followed the
opposite conrse, with disastrous results. First.
they have lowered retail prices as fasl as
they could find ways lo reduee costs. Then.
they reduced prices further by cutting per-
formanee to the extent that broadeasting sta-
tions have had to increase their power lo
enable the cheapened sets to give adequate
reception. Instead of encouraging listeners to
own better sets, the sales promotion has heen
concentrated on cheapened models until today
the majority of the sets being bought are in-

WWW.americanradiohistorv.com
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WOCR CHIEF ENGINEER,

J. R. POPPELE,

ferior in performance, even under favorable
receiving conditions, to the average sets pur-
chased i 1935 and back to 1929. Not only
that. but a comparison of prices of 1941 models
which can equal 1929 performance shows that
there has been practically no reduction in the
cost of good reeeption!

The general publie knows this. Ratdio dealers
have been discouraged in their efforts to sell
replacenmient sets by the repeated experience
of delivering new models only to have them
sent back, '*. . . because this new one isn't
as good as the one Pve been using for the last
six (or cight, or ten) vears.” To he sure, these
customers probably paid much more for the old
sets, but they were led, by manufacturers’
advertising, to expect greatly improved re-
ception from the new ones.

This invidious comparison is emphasized, in
arcas where receiving conditions are less than
completely tavorable, by the general use of loop
antennas on new sets. Beeause the loop is not,
and cannot be an adequate substitute for a
good outside antenna, we have a new radio
absurdity: millions of receivers bought because
of the expected convenicnee of the built-in
loop, bul operating on outside antennas in
order to obtain suflicient pick-up!

Finally. the owners of these sets. not real-
izing thal they are improperly designed. blame

MAJOR ARMSTRONG, A. J. McCOSKER, WOR PRESIDENT

the broadeasting stations and the FCC becanse
they bring in mostly squeals and eross-talk.
Manufacturers. dealers. and servicemen know
that when an outside antenna is eonnected to
a loop. the selectivity of the tuning is de-
stroved. Yet manufacturers have been led into
the production of such cquipment under the
pressure of price competition.

Do you think that this is over-harsh eriticisin
of the models whieh constitute the greatest
part of eurrent production? If so. yvou should
he satished with an automobile that cannot
cqual cars produced len vears ago in speed.
pick-up. hill-elimbing, mechanical construe-
tion, or dependability, and that runs only
on good roads under favorable conditions,
and you should feel compensated for this
poor performance beeause you spent  less
money.

Radio’s Second Chance * 11 is not often that
an industry, having ham-strung itsell by its
own shortsightedness, ever gets a chance to
make a fresh start. Yet this is exactly what
Major Armstrong’s {requency modulation sys-
tem means to the radio industry.

It provides everything that manufacturers
need to direet publie thinking away from price,
and to revive interest in high-quality per-
formance. Tt is not merely a different system.

WWAW-americanradiohistorv-com
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It furnishes iinprovements which are powerful
merchandising features, to be dramatized in
many ways — not merely the “bright ideas”™
that manufacturers have been tryving to use,
but vital improvements which engineers and
scientists have striven lo achieve sinee the
beginning of radio. Most important of these
are the climination of statie, the exact re-
production of original speech and musie. and
relcase from the annoyanee of squeals and
cross-lalk. all of which add up to what is
needed to bring the average unit of sale back
to profitable proportions,

Further. f-m, by providing a lever for prying
ount the millions of sets in use which are six.
eight, and ten years old. opens up the enormous
field of replacement business, whieh has been
neglected for so long.

Finally, f-m affords a dual service to the
listening public by (1) providing a great im-
provement in the entertainment value of home
radio reception and (2) encouraging a renais-
sance of good engineering practices on the part
of receiver manufacturers.

What Price F-M? » Currently, two questions
are bemg asked about the prices of f-m. a-m
sets. First, there are those who ask: “When
mosl radio sets sold now are table models
priced below $20, how do you expect these new
sets to sell in console cabinets at $139.50 to
$1998.507”

Well. there is about the same difference in
price between the old-style ice boxes and the
newer eleetrie refrigerators, and they represent
the contrast in performance between the little
table radios and the new f-m, a-m consoles.
There is no problem to selling the new sets that
cannot be met by aggressive merchandising
such as has been used for refrigerators, since
the imercase in price represenls a proportionate
increase m value and service.

“But,” the objection is heard, “how can
people buy f-m when they haven’t the money
to spend that they had in 1929, when the aver-
age purchase was $162."" Haven’t they as much
money? That point i1s debatable. Certainly
there is more money in savings banks today, to
he spent on anything people want enough to
draw it out!

However, the important point s this: Al
the emphasis and effort has been focused, in
recent years, on Lhe production and sale of
very cheap sets. Meanwhile, the profit-market
for the more expensive models has been neg-
leeted entirely.

If, in 1941, only hall as many people can
afford to buy f-m, a-m scts as bought sets of
about the same price in 1929, the total dollar
volume of radio sales will equal the record
level of 1929, You can see from this what f-m
can mean to mannfacturers, jobbers, dealers,

and servicemen if they nndertake to make the
most of its possibilities.

Will F-M Prices Dmp? * Some dealers have
remarked to me: Oh. when f-m sets get into
production, the manufacturers will cheapen
them, and bring down the prices just as they
have done on a-m sets.’

The facts do not bear out this contention.
As long as sets are made with hoth f-m and
a-m eireuits, they can’t be as cheap as straight
a-m receivers, Extra tubes and their associated
parts are required when f-m is added. Since
f-m is transmitted in the ultra-high frequency
band, the same IF amplifier frequencey cannot
be employed for f-m as for a-m. This means a
complete extra IF amplificr and either addi-
tional tubes, or switching means to change the
cireuits,

Cheapened f-m receivers would omit the all-
mportant eirenits required for the effective
climimation of statiec — the lack of which
would show up sharply i comparison to f-in
sets of correct and sonnd design. And. of
conrse, the tone would be as poor as any cheap
a-m receiver. 1 have been told: “They will
have to make low-priced f-mn sets in order to
take care of the families who cannot atford ex-
pensive models.” I Lhat s true. then the auto-
mobile manufacturers would have found it
necessary 1o niake cars to sell at $50 to $100.
We know that that has not been the case, for
people of limiled means have been well satis-
fied to drive cars turned in when their original
owners replaced them with new ones. Why
should that not be the case with radio sets?
That it is not so today is only because the cheap
models have done away with the market for
seeond-hand radios! Bul just imagine what
would have happened to the aunlomobile busi
ness 1f it had nndertaken to built $100 cars
for the people who now buy the second-hand
ones. That is exactly wha! the radio manu-
facturers have done.

For the next two or three years, conditions
preclude a repetition of the mistakes made on
a-m sets. [t is Lo be hoped, and expected. that
during this period the revival of profitable
operations will establish permanently new,
sotnd methods of planning and merchandising

Standards of Good Engineering Practice »
The expression “standards of good engineering
practice” is famihar to everyvone connected
with the broadeasting end of radio. In erder to
establish definite standards of equipment and
of service to the public. the FCC has worked
out a complete code of acceptable engineering
practice for the broadeast stations. Vested
with powers to enforee its rulings. the FCC(
can require every station to maintain these
engineering standards.
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Tt has been suggested that Major Armstrong
estublish a code of good engineering practice
for f-m receiver designs. just as the FCC has
done already for foin transmitters. Then, every
licensee under the f-m patents would be re-
quired to maintain the standards of design
thus established.

In the personal opinion of the writer. such an
attempt at disciplinary regulation would be

E J‘ o =
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Inc. will set up performance standards relating
particularly to sensitivity, cffectiveness of
noise suppression. and quality of reproduction.

New models would he submitted for test
under the direction and supervision of FMBI.
Then, manufacturers would be permitted to
use the official FMBI seal of approval on such
models as passed the tests. In this way, models
bearing the scal would be knowi to provide the

DR, e
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W1X0J'S DEMONSTRATION CAR TAKES F-M QUALITY TO RADIO LISTENERS OF NEW ENGLAND

neither practical nor advisable. Past expe-
rience indicates thal. lacking the authority to
enforce the maintenance of standards. the
whole plan would soon become entangled in an
endless wrangle. as was the case in the matter
of retail-price fixing.

There is a method. however. of permissive
regulation which. the writer believes. offers
definite usefulness — as similar plans have in
other applications. It is this:

Approved DBS|gﬂS * The National Board of
Fire Underwriters, for example, have estab-
lished certain safety standards of design for
electrical appliances and devieces, including
radio sets. The manufacturer of any electrical
product which passes the tests in the Under-
writers Laboratories mayv affix the U.L. seal of
approval to that produet.

Such permissive regulation is highly unseful
in protecting manufacturers of approved de-
vices against cheap. sub-standard competition.
Publicity given to the U7.L. seal by companies
whose products merit it has made the official
scal known as a guarantee of safe design and
construction.

The same idea can be applied to f-mn with
even greater effectivencss, if FM Broadcasters,

improved performance in entertainment qnal-
ity which is being made available by the f-m
broadecasting stations.

It is entirely fitting and proper that the
broadcasters shall exert such an influence on
radio receiving equipment and such a seal. is-
sued from this source, would have a tre-
mendons infliuence on the merchandising of
sets and their purchase by the public. Certainly
no group has a greater interest in helping to
raise the standard of radio reception, for the
millions of dollars spent by sponsors and the
stations to furnish better entertainment are
wasted unless receiving sets are of commen-
surate quality.

It might be worth while, in order to highlight
types of sets which could be considered as re-
producing the maximum quality ol f-in re-
ception, to set up specifications on  super-
standard and standard grade receivers.

Sub-standard f-m sets would, undoubtedly,
be produced and sold. However. people would
spend their money with their eves open. A
further protection to the public would be
afforded by showing on the seal the vear or
season in which the set was made, That would
protect current models from price competition

(CONCLUDED ON PAGE 30)
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FMBI

HE growth of frequency modulation has

been swift. but logical. Twelve months ago,
only a few particularly well-informed engineers
were sufficiently aware of ils possibilities to
forecast its rapid expansion.

Even last spring, although the broadcasting
business began to admit reluctantly that f-m
had interesting possibilities, they secmed to
be of the indefinite future.

Today—in October, 1940—f-m is spread-
ing like wildfire throughout the country! Scores
of the nation’s leading broadeasters have
applied for licenses to operate in the new
{-m band. set aside only last May by the FCC,
whose members frankly declared that this new
system s . one of the most significant
contributions to radio in recent years.”

By January 1, 1941, when (- starts opera-
tions on a commercial par with a-m broad-
casting, there will be approximately 100 of the
new noisc-free, full-fidelity stations providing
service to the American public in the 42- to
30-me. band.

"FThis, even in such a country as the U, 8. A,
noted for swift progress, is an unprecedented,
impressive growth. It has resulted from the
combination of an existing demand in the
radio industry, and a completely new develop-
ment that fits this demand exaetly. But it
did not work out all by itself.

Of 1nestitnable importance in effecting the
progress of {-m have been the organized efforts
of a single group, devoted to the interests of
this newest method of broadeasting. Founded
on the logical principle that a concerted front
is the best way to put across any project, the
work of FM Broadecasters, Ine., during its
eight months of existence, has been over-
whelmingly successiul.

M Broadcasters, Inc., is a nalional, non-
profit organization. Its only reason for exist-
ence is to assure the advancement of f-m in a
coordinated, sensible, and constructive man-
ner. Founded on January 29, 1040, this group
already numbers among its members some
sixty of the country’s leading f-m exponents.

I its by-laws, yon may read that its joh is to:
“Foster and promote the development of the
art of frequency modulation (f-m) broadceast-
ing; to protect its members i every lawful and
proper mwanner; to foster, encourage, and pro-
mote laws, rules, regulations, customs, and
practices which are in the hest interests of the
public; to proteet the interests of the menbers
of the Association by opposing the enactment
or adoption of any laws, rules, regulations.
customs, or practices which wonld diserini-
nate against or in any way injure the members
of the Asscciation to any greater degree or in

10

Outstanding U. S. Broadcasting Organizations Gomprise the Na-
tional Membership of FM Broadcasters, Inc.—By Dick Dorrance

any different manner than lieensees of browl-
cast stalions who are incligible for membership
in this Association, it being understood that
all problems of a general nature, which affect
the broadeasting industry as a whole, should
be handled by the National Association of
Broadcasters.”

All members must be active ones. Those
eligible to belong include: “any individual.
firn, or corporation who is licensed to operate
a frequency modulation sound broadcasiing
station — or has been granted a construction
permit — or who has filed an application with
the Federal Communications Commission for
authority to construct a frequency modulation
broadcasl station.”

The work of FM Broadeasters, Inc., during
its short but active life, has represented the
united reactions, requirements, and plans of
its associated members. The record tells an
mteresting story:

Fundamentally, this organization was founded
to coordinate the plans of little more than a
score of leading broadeasters who saw in f-m
something new, highly desirable, cconomically
progressive. T'o put f-m across as an improved
broadeast service, it was first necessary to go
before the FCC and request a band of fre-
quencies in which f-m might grow. This. of
course, meant a hearing by the Commission.

These f-m pioneers agreed among themselves
that if they all went to Washington, cach
presenting his individual ease separately, the
possibility of a disorganized, disconcerted
jmpression was uncomfortably certain. So
first they met to discuss the situation thor-
oughly among themselves. At that time, I'M
Broadeasters, Ine., was formed, based upon
the poliey that success could be attained most
readilv by concerted action.

An  engineering commiltee  worked out
commonly-accepted  standards, arrived  at
with the advice of Major Armstrong, and with
the aid of Paul A. deMars, onc of the country’s
leading f-m experts.

Newspapers and nlagazines were cager Lo
publish articles about {-m, and information
concerning the advantages of I 'm was made
available to congressmen and senalors. New
men:bers were added to the ranks of FMBI.
Well-planned  demonstrations  were  staged.
Advertising agencies and educational groups
evinced great interest. The publie. in the course
of a few months, began to know the meaning
of the symbol ““f-m.”” All kinds of publications
theorized editoriallv on the significance and
future of “static-less” radio.

Meanwhile, applications for transmitter
licenses were filed by the dozens at the FCC.
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The hearing before the FCC opened on
March 18th. On the opening day, interest in
this hearing had brought so many people to
Washington that it was found necessary to
transfer the proceedings to a larger auditorium!

The principal witnesses pleading the case for
f-m were Major Armstrong himself and FM
Broadeasters, Inc. A wealth of field data. pre-
pared by the FMBI members, answered com-
pletely the questions of the Commissioners.
A concrete presentation had been prepared —
logical and rrefutable.

The FCC was impressed immediately. Its
favorable decision. announced on May 19th,
flashed a green light to the enthusiastic plans
of some 165 groups who had, by that time,
filed applications for construction permits.

An exclusive I-m band was established by
the Commission —a band providing 40
channels, each 200 ke. wide — that will ae-
commodate all f-m development for vears to
come. Further, {-mn broadeasting was given full
commercial status, with the right to sell pro-
grams and conduct operations in the same
manner as standard broadecasting stations.

Now, FM BI lhias another, cqually important
task to perform. This is to serve as an alert
liaison group in the service of the public, the
manufacturers, and the broadcasters. In this
apacity, FMBI provides newspapers and
magazines with information of public interest
on f-m activities, and circulates a weekly,
confidential bulletin among the members of
the association.

FM Broadeasters, Inc., is headed by an
clected board of directors. which currently
includes the following:
John Shepard, 3rd, President — The Yankee Net-

work, Boston
John V. 1.. Hogan, Vice-President — WQXR, New

York City
Robert T. Bartley, Secretary and Treasurer — 21

Brookline Ave., Boston
Walter J. Damm — WTMJ, The Milwaukee Jour-

nal, Milwaukee, Wis,

Franklin M. Doolittle — WDRC, Hartford, Conn.
C. M. Jansky — Jansky & Buailey, Washington,

D. C.

Ray H. Manson — Stromberg-Carlson Tel. Mfg.

Co., Rochester, N. Y.

AT SAN FRANCISCO, N.A.B. MEMBERS WERE GIVEN FM DEMONSTRATION BY FMBI, WITH COOPER-

ATION OF R.E.L. AND STATION KSFO. LEFT TO RIGHT: ROYAL V. HOWARD, KSFO CHIEF ENGINEER —

FRANK A. GUNTHER, V.P. OF R.E.L. —PAUL A. DE MARS, V.P. OF YANKEE NETWORK — CLIFTON
HOWELL, KSFO PROGRAM MANAGER — COL. GUSTAVUS REINIGER, R.E.L. SALES EXECUTIVE

wWWWeamericanradiohistornv..com
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Carl  Meyers
Chicago, 111

Paul W. Moreney
Theodore €. Streibert

WGN, The Chicago  Tribune,

WTIC, Hartford, Conn.
WOR, Newark. N. J.

Active members as of September 20, 1940,

included:

American Broudeasting Corp. of Ky. (WLAP)
Gihinore N. Nunn

Radio Building, Lexington, Kv.

Buamberger Broadeasting Service, Inc. (WOR)
Alired J. McCosker

1440 Broadway, New York City

Boston Edison Cotnpany (WEET)
J. V. Toner

182 Tremont Street, Boston, Mass.

Ceniral Broadcasting Company (WHO)
Paul A. Loyel

914 Walnut Street. Des Moines, Iowa

Central New York Broudeasting Co. WSYR

H. C. Wilder

Starrett-Syvracuse Building, Syracuse. NUY.
Cherry & Webb Broudeasting Co. (WPRO)
William S, Cherry. Jr.

15 Chestnul Street, Providence, R. T.

The Cineinnati Tunes-Star Co. (WKRC)
Hulberl Taft, Jr.
\Ims Hotel, Cincinnati, Ohio

The Crosley Corporation (WEW)
J. D. Shouse

1329 Arlington Street, Cineinnati, Ohio
Doughty & Weleh Electric Co., Inc.
Willam T. Welch

102 South Main Strect, Full River, Mass.
The Evening News Association

W. J. Scripps

The Detroit News. Detroit, Mich.
William G. H. Tinch

1818 Broadway, New York City

Frequencey Broadeasting Corp.
Thomas K. Murray
1250 Atlantic Avenue, Brooklyn, N. Y.

General Electric Company
G. W. Hepyan
Radio & Television Dept., Schenectady, N. Y.

(WSAR

(WW.)

(WGY)

General Electric Company
(for tramsniitter at New Scolland, N. Y.)

Greater New York Broadcasting Corp. (Wwov)
Harold A. Lafount

630 Fifth Avenue, New York City

Head of the Lakes Broadeasting Co. (WEBC)
W. C. Bridges

WEBC Building, Duluth, Minn.

John V. L. Hogan (WQXR)

3101 Northern Boulevard, Long Islund City, N. Y.

James F. Hopkins, Ine. (WJBK)
Jawmes F. Hopkins

6559 ITamilton Avenue, Detroit, Mich.
Howitt-Wood Rudio Co., Inc. (\ZWNBHE)

Cecil D, Mastin
Station WNBF, Binghamton, N. Y.

Jansky & Bailey
C. M. Jansky, Jr.
Room 970

National Press Building, Washington, D. €.

The Journal Company (WTMJ)
Waller J. Damnm

333 West State Street, Milwaukee, Wis.

Muarcus Loew Booking Agency (WHN)

Herbert .. Pettey

1510 Broadway, New York Cily
MeceNury & Chambers

Joseph A. Chambers

National Press Building, Washington, D. C.

The Metropolis Company WIHP
H. G. Wells, Jr.

500 Laura Street, Jacksonville, Ila.

Midland Broadeasting Co., Inc. (KMBC)
Arthur B. Church

Pickwick Hotel, Kausas City, Mo.

Moody Bible Institute of Chicago (WMBI)

Henry C. Crowell

153 Institute Place, Chiengo, Tl
Muzak Corporation

Waddill Catchings

229 Fourth Avenue, New York City
National Broadeasting Company
Niles Trammell

30 Rockefeller Plaza, New York City
National Life & Accident Insurance Co.
John DeWitt, Jr.

7th & Union Streets, Nashville, Tenn.

North Carolina Broadeasting Co., Inc.
Edney Ridge, Greensboro, N. €.

The Ohio Broadeasting Co.
Telix Hinkle
500 Market South, Canton, Ohio

Onondaga Radio Broudcasting Corp.
Samuel Woodworth
Onondaga Holel, Syracuse, N. Y.

The Outlet Company

Mortimer L. Burbank

176 Weybosset Street, Providenee, R. 1.
Pennsylvania Broadeasting Co.
Benedict Gimbel, Jr.

35 South 9th Street, Philadelphia, Pu.
J. R. Popkin-Clurman

154 Merrick Road

Rockville Center, Long Island, N. Y.
Portland Broadeasting System, Inc.
Creighton E. Gatchell

G15A Congress Street, Portland, Maine

‘WEAF-WJZ

WsM

WBIG)

WHBC)

(WYFBL)

(WJAR)

(WIP)

(WGAN)

Carman R. Runyon. Jr.

544 North Broadway. Yonkers, N. Y.
Seranton Broadcasters, Inc.

Frank Megargee

1000 Wyoming Avenue, Scranton, Pa.

(WGBI)

Stromberg-Carlson Telephone Mftg. Co.
E. A. Hanover
89 Fast Avenue, Rochester, N. Y.

(WHAM)

Travelers Broadeasting Service Corp.
Paul W. Moreney
26 Grove Street, Hartford, Conn.

(WTIC)
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WRBNS, Incorporated WIR, The Goodwill Station

R. A. Borel Leo Fitzpatrick

33 North High Street, Columbus, Ohio Fisher Building, Detroil, Mich.

WDRC, Incorporated WOKO, Incorporated

Tranklin M. Doolittle Hurold E. Siith

750 Muain Street, Hartford, Conn. Radio Cenire, Albany, N. Y.

WFIL Broadeasting Company Worcester Telegram Publishing Co., Inc.  (WTAG)

Roger Clipp

Widener Building, Philadelphia, Pa.
WFMJ

William F. Maag, Jr.

101 West Boardman Street, Youngstown, Ghio
WGN, Incorporated

Carl J. Meyers

Room 11383

Tribune Tower, Chicago, IlI.
WIHEC, Incorporated

Clarence Wheeler

40 Franklin Street, Rochester, N Y.
WIBX, Incorporated

Scott Howe Bowen

First. Bank Building, Utica, N. Y.
W.JID, Incorporated

Ralph L. Atlass

201 North Wells Strect, Chicago, Il

Edward E. Hill

I8 Franklin Street, Worcester, Miss.
World Broadeasting System

Percy L. Deutsch

711 Filth Avenue, New York City
WPTE Radio Company

Richard H. Mason

324 Fayetteville Street, Raleigh, N, C.
The Yankee Network, Inc.

(for transmitter near Alpine, New Jersey)

John Shepard, 3rd
21 Brookline Avenue, Boston, Mass.

The Yankee Network, Inc. )
(for transmitter at Paxton, Mass.)

The Yunkee Network, Inc.

(for transmitter at Sargents Purchase, atop

Mt. Washington, N. H.)

— e — .. 55 & )

A FAMOUS PIONEER MANUFACTURER STARTS PRODUCTION OF PREC!ISION-TYPE F-M RECEIVER.

WILLIAM A. READY, RIGHT, PRESIDENT OF NATIONAL COMPANY, MALDEN, MASS., AND HIS CHIEF

ENGINEER, DANA BACON, WHO IS PREPARING A TECHNICAL ARTICLE ON TH!S F-M SET FOR THE
FORTHCOMING ISSUE OF FM MAGAZINE

www.americanradiohistorv.com



PERFORMANCE OF THIS F-M TRANSMITTER

POLICE RADI

NYONE who has had experience i going
alter contraets for police radio equipment
knows that it’s hopeless to ask for changes in
specifications alter they have been sent ont and
all the bids have come in. Hopeless? Well, most
anyone would consider it so — exeept Frank
A. Gunther, vice president of Radio Engineer-
ing lﬂll)or(llonc». at Long Island City. N. Y.

That was the situation (onhontmg him
when, last Mareh, he took off for Chicago. a
newly developed prowl-car transmitter under
one arm, figuratively, and a headquarters re-
ceiver under the other. Speeifications had heen
sent out for 200 car transmitters, and the ds
were all in when he reached the Chicago
police headquarters.

It was fortunate for the City of Chicago, and
for Frank Gunther. that pohce radio 15 under
the technical direetion of such an able man as
Fred H. Schnell. A dyed-in-the-wool operator
and experimenter who had come up through
the ARRL ranks. Schnell just couldn’t resist
the temptation to find out what f-m could do
on prowl-car service.

Accordingly, the R.I.L. transmitter, of 23
watts, was installed in a police car, as shown in
the illustration above. The receiver and an-
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EARNED R.E.L. AN ORDER FOR 200 LIKE IT

WITH THIS F-M TRANSMITTER, R. E. L.
MADE POLICE RADIO HISTORY IN CHICAGO

tenna were set up on the top of the Field Bnild-
ing. Receiving conditions were difficult in the
extreme, due to inlerference from adjacent
clevator motors, controls, and other electrical
equipment.

The purpose of the tests was to determine
the relative reliability of a-m and f-m recep-
tion. Fred Schnell supervised these tests him-
sell. The illustration on the opposite page
shows him at the test receiver. At the right.
on the second shell, is a changeover switch for
cutting in one receiver or the other. Test con-
versutions were held between headquarters
and varions points in the City where com-
muniecation was known to be dithicult, first on
one system, and then on the other.

The difference between f-m and a-m per-
formance was decidedly favor of f-m. In
fact, after reviewing the advantages of f-m
which were demonstrated in these tests, a way
was found to reject all the bids on a-m trans-
mitters, and to award the contract for 200
transmitters to R.E. L.

With the new f-in car transmitters in opera-
tion, the Chicago police are still using a-m for
talking from headquarters to the cars. That 1s
a matter of economics, however, rather than
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radio performance. That a-m equipment is not
yet scheduled for replacement, but as soon as it
can be declared obsolete Chicago will be f-m
all the way.

There is already evidence of a general shifl
to f-m for police service. The state police of
Connecticut are currently installing the first
state-wide f-m system in the country. Under
the guidance of P'rofessor ). E. Noble of the
University of Connecticut, who is consulting
engineer for the Connecticut State Police. the
new set-up has heen designed and is now being
installed. It will comprise 10 fixed location f-m

R BTG TTRATER

transmitters, 250 watts each. at various head-
quarters stations, and a total of 225 two-way
mobile units in patrol cars.

Tests have been underway for more than a
vear, with Professor Noble covering 20,000
miles by automobile to every corner of the
state. It is estimated that actual f-m trans-
mission took place during more than 2000
miles of travel while the car was in motion.

The fixed station in these tests was operated
by Sidney Warner, supervisor of radio mainte-
nance for the Connecticut Department of
State Police.

FRED SCHNELL, CHECKING THE COMPARATIVE PERFORMANCE OF F-M AND A-M PROWL-CAR TRANS-
MITTERS FORUSE BY CHICAGO POLICE. RESULTS WERE STRONGLY IN FAVOR OF R.E.L.’'S F-M EQUIP-
MENT, AND ALL BIDS FOR THE 200 A-M TRANSMITTERS WERE REJECTED

www.americanradiohistorv.com



HOW TO DEMONSTRATE F-M

Details of Public Demonstration at R. H. White Department Store, with Com-
plete Radio Script of Program Transmitted by W1X0J—By Benjamin Gross

HEN Aaron Goldberg, manager of the ra-

dio departinent at R. H. White's, in Bos-
ton. made up his mind to use Stromberg-Carl-
son receivers Lo push up his tall volume of radio
ales, he determined to get the idea of extra-
quality home entertainment across to his cus-
tomers in a way that would wow them. And
wow them he certanly did!

His primary purpose, of course, was tlo
laumeh f-m sales. There were other things he
wanted to accomplish, also. He wanted to gain
the prestige for his radio department of taking
the lead in promoting a new radio develop-
ment, and to bring radio-minded people to the
. H. White store. Obviously, to address two
groups, onc n the afternoon and the other in
the evening, would take less man-hours than
talking to several hundred people individually.
And finally, he wanted to get the names and
addresses of those who, after hearing an f-m
demonstration, were definitely prospects for
f-m sets.

Accordingly, the cooperation of The Yankee
Network was enlisted. While their program
department laid out the plan of a special dem-
onstration to be broadeast from Paxton, and
wrote the seript, a di-pole antenna of the con-
ventional sort was erected on the roof of the
store, and conneeted with EO1 cable to the
auditorium. This gave perfect. noise-free recep-
tion of WIXOJ, 43 miles distant, despite the
fact that the store is in the DC section of Bos-
ton, where receiving conditions are unfavor-
able n the extreme.

Announcements were run in the R. 11
White newspaper advertisements, inviting the
public to attend the demonstration in the after-
noon or in the evening, when the radio and fur-
niture departments are open until 9:00 p.u.
On the stage of the auditorium, three Strom-
berg-Carlson f-m. a-m consoles and a converter
were put on display, marked with prices and
brief descriptions large enough to be read hy the
andience.

A piano was sel up at the center of the stage,
and a microphone, connected by telephone
wires to the broadcast studio, was located
where it could pick up the piano. This com-
pleted the arrangement.

At both demonstrations, the auditorium,
holding about 400 people, was filled. After
brief remarks of introduction, one of the re-
ceivers was turned on, and frequency modula-
tion spoke dramatically for itself.
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The continuity used by the studio is given
here for the benefit of those who want to ar-
range similar demonstrations. The use of sound
ctfects led up to the high spot of the perform-
ance: the magic piano. The announcement,
“Now we return vou to the anditorium of the
R. H. White Company,” was the cue for Harry
DeAngelus, scated at the piano, to play “Star-
dust.” Suddenly. in the middle of the picce. a
stir went through the audience. People leaned
forward in their scats, and others rose to sce
what had happcned on the stage for, while the
music seemed to be coming from the piano, Mr.
DeAngelus was not playing. In fact. he had
turned around and was looking into the wings.
Then he swung back to the kevhoard, and his
hands picked up the music again.

The audience was mystified. Apparently this
was a player piano. and he had been only
making the motions of striking the notes.
Again he stopped playing. and the music con-
tinued. The next time he resumed, a spotlight
was turned on him, and when he stopped. the
spol was shifted to one of the f-m receivers.
Some of the people knew then what had heen
gomg on, but others did not nunderstand until,
at the end of the second selection. the an
nouncer explained.

The set-up was this: the pianist at the studio
listened to the piano in  the auditorium
through the icrophone wire connections.
When he picked up the tune, the pianist at the
auditorium stopped. Thns they alternated
their playing without a pause. So perfeet was
the reproduction by f-m, and the piano is a
most difficult instrument to reproduce by
radio, that the only way it was possible to de-
termine the origin of the music was to watch
the pianist on the stage.

The script which  follows is  presented
through the courtesy of The Yankee Network.
It can be changed readily and adapted to suit
any similar occasion’

(Organ (rescendo)
ANNOUNCER:

Nights shall he filled with music — with
song and words, words, words, millions of
them bringing you news, drama, education,

information, syncopation. . . . Radio — cul-
mination of man’s desire to conquer space.

Radio — that leaps around the earth on waves
of light — and brings the world within vour
touch. . . . Radio — that’s everywhere at
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every time. . . . Radio — moving always for-
ward. widening its scope — spreading ils il-
luminating influence.

The story of radio is the story of man’s
progress, the story of his unending search for
knowledge and expression. From the time of
primitive smoke signals and the code of jungle
drums to the red blast of trumpets heralding
the approach of kings, to the time of Marconi
and the first rude wireless key, radio has de-
veloped and perfected itselfl into a precious
instrument of rare beauty.

Tonight, for the first time in Boston, Fre-
quency Modulation is being demonstrated to
the retail public. Tonight, The Yankee Net-
work, i covperation with the R. H. White
Company, brings vou a graphic demonstration
of radio’s newest and greatest achievement
requency modulation. Signalizing this new
era in the science and art of broadecasting, The
Yankee Network and the R. H. White Com-
pany of Boston present to the general public
and the retail trade a demonstration of this
marvel called — frequencey  modulation. A
glowing testimonial to man’s mastery of the
elements — for this great new frequency mod-
ulation conquers nature — climinating statie,
minimizing mterference — radio in its perfec-

HOW TO DEMONSTRATE F-M

PAGE 17

tion — listen, as frequeney modulation proves
its birthright.

Clotilda Zappala, charming voung New
England coloratura soprano, sings one of the
loveliest and most eolorful arias i all of the
world’s great operatic literature — enjoy the
complete perfeetion of reproduction afforded
by f-m as Miss Zappala, accompanied by
Francis J. Cronin, sings — (The Bell Song

Sfrom the Opera *“ Lakme'" by Delibes)

This afternoon it is our pleasure to present
to vou & man who has contributed much to the
development and perfection of frequeney mod-
ulation. Speaking from the auditorium on the
third floor of the R. H. White Company store
in Boston, where four hundred people have as-
sembled to see as well as hear this demonstra-
tion, we present one of radio’s pioncers, Paul
A. deMars, Vice President in charge of Engi-
neering for The Yankee Network. Mr. deMars,
M. pEMars:

Ladies and Gentlemen

In the fall of 1935, Major Edwin H. Arm-
strong, the seientific genius who had previously
contributed the three outstanding inventions
in radio, demonstrated his latest development
to the Institute of Radio Iingineers in New

BEN GROSS, LEFT, WHO IS DOING AN AGGRESSIVE PROMOTIONJOB FORSTROMBERG-CARLSON IN NEW
ENGLAND AND NEW YORK, DIRECTING THE ‘‘MAGIC PIANO' AT R. H. WHITE'S F-M DEMONSTRATION

wwweamericanradiohistorv.com
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York City. Terminating a lifelong study to
ehiminate static from the radio, he disclosed a
svstem ol broadcasting virtually frec from
static and interference and capable of trans-
mitting programs with quality heretofore un-
dreamed of. Called frequency modulation, as
distingnished from the present incthod known
as amphtude modulation, the svstem is now
familiarly known as f-m.

How f-m differs in principle of operation
from the present system is mainly of interest
and concern to engineers and scientists and is
too technical to discuss here. It is sufficient to
say that new type transmitters and receivers
are required.

Reeognizing the ontstanding capabilities of
{-m, the Federal Commumications Commis-
sion, in May of this year, authorized commer-
cial broadcasting on 40 new wave-lengths n
the high frequencies.

New f-m broadeasting stations are under
construction, or are heing planned all over the
country, and there are already about 20 in op-
eration.

In this auditoriunm, you are listening to John
Shepard, 3rd’s pioneer f-mn slation of New Eng-
land. This station i1s the most powerful of its
kind in the world and is loeated in the town of
Paxton, Mass. — beyond  Worcester — and
broadecasts programs 16 hours daily from The
Yankee Network, The Colonial Network, The
Mutual Broadeasting Syvstem and NBC.

Although this is the only f-mn station that at
present serves all of Massachusetts and Bos-
ton, other t-m stations are planned for this re-
gion and there is no question that I-m will not
only broadeast present programs, but will also
provide new serviees in this area.

The number of new stalions technically pos-
sible is virtually unlimited, and the owner of an
f-m recetver is assured of not only better recep-
tion, but a greater variety of entertainment.

Now then, what specifically is offered to the
owner of an f-m receiver?

Reception without static
without inlerference.

Reception unmarred by crashing roars when
lightning streaks the sky.

Reception free from the all too-fawiliar
buzzes, crackles and {rying occasioned by yvour
own or your neighbor's electric razor, oil burner,
kitchen nixer or vacuun cleaner.

Reception  without the chatlering, the
squawking, the unwanted programs in the
background of vour favorite station.

Reception with a naturalness und realism in
the reproduction of musie, speech and sounds
bevond the capabilities of the present methods.

without noise

The program in the demonstration that fol-
lows originales n the studios of The Yankee
Network in Boston, where it is transmitted by
frequency modulation to Paxton and then
broadeast to the listening andience.

HOW TO DEMONSTRATE F-M
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You are listening here in this auditorium to
reception ol radio transmission ftransmitted
twice over a distance of about 45 miles and re-
ceived in one ol the noisiest areas of Boston
for broadcast reception.

But nole the crystal-clear tone, despite the
adverse local conditions. This is the quality of
service that the owner of an f-m receiver can
expect in his own home.

The following demonstration is intended to
convinee vou here in this auditorium of the
merits of f-m in the best way we know how.
Thal is — by lelting f-mm speak for ilselt.
ANNOUNCER:

Thank you, Mr. deMars.

The perfection in the reproduction of sounds
that is made possible through transmission by
frequency modulation can perhaps best be
demonstrated by producing a series of sonnds
frequently used i evervday radio programs.
Notice n the following series of reproductions
the great elarity of tone and the full range of
sound that is clearly andible. First, the sound
effects engmeer will ring a ship’s bell — the
type in contmon use on sailing vessels — it is
made of cast brass, is twelve inches o diam-
eter, and will be struck with a clapper seven
inches long. Listen

(Strike Ship’s Bell)

Our next sound cffect is perhaps one of the
most difficult in the sound engineer’s entire
repertoire to reproduce. Only through fre-
quency modulation 1s it possible to recreate
the wide tonal range of the common everyday
sound of sawing wood.

(Efiect)

Perhaps the next most difticult effect to con-
vey over the radio 1s the accurate reproduction
of a carpenter’'s hammer striking a three-inch
fHat headed nail. Listen for the ping of the ham-
mer — a sound which only frequency modula-
tion can reproduce in all its naturalness.

(Effect)
We'll let you guess at this one!
(Effect: Pouring Drink)

Perhaps the smallest and most infrequently
used instrument, yet one whose sound s most
ditficult to produce, is the triangle. Listen to il
now.

(Effect)
Listen now to the rich tones of a large
Chinese gong — made of hammered brass.

Note particularly how long the aftertones hang
on. Frequency modulation reereates this for
You now.
(Eflect)
The colorful and lively bolero, “lLe¢ Sevil-
lana.” by Guiseppe Ferraro, is a vertical tran-
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scription, made especially for broadeast pur-
poses. It composition of brilliant tone
patterns that, in unrestrained good spirits, em-
ploy the full instrumental range of Harry
Horlick’s orchestra. Listen Lo it now and notiee
the perfect reproduction of the full tonal range.

(Ee Sevillana 60-098)

We now return vou to the auditorium of the
R. H. White Company store, where Harry
DeAngelus is waiting to play a piano medley.

(Stardust — Beer Barrel Poilka)

(Piano at R. H. Wiite auditoritum and at
studio alternate in playing this music.)

&

1s

Those in the R. H. White Company’s audi-
torium have just witnessed a remarkable dem-
onstration. We might have called those num-
bers the marvel of the “magie piano,” for
the piamst in the auditorium and a pianist here
in the studio alternated in playing the medley
just completed — vet so wonderful is the repro-
duetion made possible through transmission
by frequency modulation that the studio
audience could not tell whether they were lis-
tening to radio reception from the studio piano
or to the piano on the stage before them, ex-
cept by watehing the piamist’s hands —a
further tribute to the perfection of this mar-
velous new system of broadcasting

This evening’s presentation is concluded as
Franeis J. Cronin, New England’s prentier or-

He Wins Again!
(CONTINUED FROM PAGE 3)

ment in whicn his inventions are emploved.

Although official confirmation 1s lacking,
there are obwvions reasons why Mujor Arm-
strong will not follow his previous course by
selling his frequency modulation patents out-
right. Rather, it seems logical that he will ex-
tend his already-established license-royalty
set-up because (1) if he sold the puatents for a
lump sum, the Government would take a very
large part of the payment and, (2) judging
from the revenue produeed by hieenses under
the other Armstrong patents, il is reasonable
to expect that the returns from frequency
modulation royalties will far exceed any lump-
sum payment that might be made in an out-
right purchase.

Certainly the entire radio industry applands
the recognition accorded Major Armstrong by
the FCC. In setting aside the 42- to 30-me.
band, the Commission has given the most ef-
fective encouragement to the use of frequency
modulation for commereial broadeasting. Now
the public will have full opportunity to render
its opinion of the advantages atiributed to
frequeney modulation. Thus we say of Major
Armstrong: “Ile wins again!”

HOW TO DEMONSTRATE F-M

 PAGE 19

ganist, employs the full resources ol the grand
studio organ in playing a skillfully arranged
medley of familiar overtures

(Medley of Quertures, oryan)

And so we conclude another “famous tirst ™
in the history of broadeasting. This afternoon,
for the first time in Boston, The Yankee Net-
work, i eooperation with the R. H. White
Company, has presented this broadcast,
marking a2 new milestone in the development of
radio — frequency modulation. And marking
also, the first time that frequency modulation
has been demonstrated to the retail trade and
the general publie through a retail outlet
the R. H. White Company. Frequency modu-
lation, the sensational new perfection in radio
reception, is the newest and greatest achieve-
ment of radio science — another forward step
in man’s masltery of the elements.

Noiscless, staticless, free from interference,
frequency modulation brings you radio at its
perfeet best — doubling yvour enjoyment, ever
widening and inereasing the scope of your best
form of entertainment — Radio!

You may sce a complete line of the amazing
new IFrequeney Modulation receivers on dis-
play at the R, 1. White Company in Boston.
Remember that the world 1s at yonr finger tips
whien a radio i1s at arm’s length and in radio
reception, Frequency Modulation means per-
{fection.

G. E. Engineers Find F-M Coverage
33 Times That of A-M Area

[ nusual figures on the relative coverage
areas of f-m and standard amplitude modu-
lated broadeast stations under interference
conditions have been announced, following ex-
tensive field tests by General Electrie radio
engineers.

The experniments indicate the startling fact
that the area of iterference-free reception
with f-m 1s 83 thnes greater than with a-m
broadecasting!

The engineers emploved two a-m and two
I-m transmitters, operating on the same fre-
queney, placed upon level ground 15 miles
apart. First the two a-m transmitiers. with one
kilowatt of power apicce, operated simultane-
ously. The area served without inter-station
interference  surrounding  either transmitter
was liniited to a radins of 114 miles.

Next, the two f-m transmitters, using the
same power, were operated and the area of the
zone of interference between them proved so
shight that the engincers calculated the area
served  satisfactorily by f-m was 33 times
grealer than was the case with the a-m set-up.

The measurements were made by I. R. Weir,
G-E engineer and f-m expert.
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PILOT RADIO—Model 12 Series

F-M, A-M RECEIVER

IDENTIFICATION TABLE

Model FM 12 .. .Table Model
Model CFM-12 . .Console
Model LFM-12

Lowboy PPhonograph Combination

SPECIFICATIONS

Voltage Rating: 110--125 volts, 30 60 cveles

Tvpe of Cirenit: Frequeney modulation, super-
heterodyne

Tuning Range:
F-M tuning. 42 to 50 mec. -
A-M tuning, 540 to 1750 ke. -
m.

T.14 10 6 m.

355 to 171

Number and types of lubes: 12 plus tuning

beacon

RF GAC7/1852
Converter GK8

IF GAC7/1852
IF 6ACT7/1852
Limiter 68J7

F-M Det. 6H6
Balance Reet. 6HG6

A-M Det. and QAVC 6SQ7

AF Amp. and Phase Inv. 6C8G

AF Output 6L6G

AF Output 6LGG
Rectifier SUAG

Tunimg Beacon SU5/6G6
A-M IF Frequencey: 455 ke.
I'-M IF Frequency: 2100 ke.

Anlenna: Pilot F-M, A\-M di-pole, No. 110-7
FEATURES

Tins Pilot Radio receiver provides static-
free full-fidelity reception by the Armstrong
Wide-Band Frequeney Modulation Systen,
with switch-controlled changcover to the
standard broadcast band. The following spe-
cial features are incorporaled in the design
of (his receiver:

1.
2

Interstation silencer (QAVC) for f-m tuning
Balance detector for accurate eathode ray

beacon tuning indicator on f-m reception.

3. Push-pull audio output with inverse feed-
back for superior tone quality
4. Inverse feed-back tone control, providing

sharper cut-off than conventional types.

INSTALLATION
Packing Screws: Before putling the receiver

into operation, remove the four red packing
screws under the cabinet, The chassis will then
float freely on four rubber cushions, eliminat-
mg vibration.

ARtenna: For noise-free reception it is essential
to use a good di-pole antenna, properly installed
with down-leads arranged to avoid noise
pickup. The Pilot FM-AM Antenna, No.
1107, 1s recommended. This antenna s
shipped in kil form and ecomprises a di-pole
with supporting masl, lransmission line, and
special couplers at both ends of the transmis-
ston line whieh provide automatically for
operation on cither the M or the broadcast
band. Detailed instructions are furnished with
lhe antenna.

In choosing a location for the antenna it s
desirable to place the di-pole as high as possible
and as far as possible from sources of noise
interference such as antomobile traflic. power
lines, ete. The transmission line should be
brought down as far as practicable from build-
mg walls and obstructions.

Under present-day conditions (prior to Jan-
nary 1, 1941), some localilies are served by
two f-m stalions whose frequencies are on
adjacent channels (200 kilocycles separation).
When this is the case mterference from the
slronger station may be experienced in re-
ception from the weaker. Such interference
may be reduced by loosening the mast clamps
and rolating the di-pole until the most favor-
able position is found.

After January 1, 1941, the new frequencies
assigned to {-m stations by the Federal Com-
munications Commission will be in effect
and stations serving the same area will be
separated by at least 400 kiloeyeles, Under
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ABOVE: THE MODEL 12 PILOT F-M, A-M CHASSIS OPERATES FROM A SEPARATE POWER SUPPLY. THIS
DESIGN SIMPLIFIES SERVICE WORK GREATLY. BELOW: REAR VIEW OF THE TUNER AND POWER
SUPPLY. USED IN THE TABLE, CONSOLE, AND PHONOGRAPH COMBINATION CABINETS

WWW.americanradiohistorv.com
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~= AMPUITUDE MODULATION =
5850 4w

THE TABLE MODEL, WITH 10-IN. SPEAKER IS ADAPTED TO MANY SPECIAL-PURPOSE INSTALLATIONS

these conditions interference between stations
will not occur.

Pawer Supply: Before plugging in, make sure
that all tubes are properly inserted in the
positions shown in the tube diagram on the
back of the chassis. The power cable from the
main chassis must be plugged into the socket
on the power pack marked “Plug” on the
diagram.

Plug the line cord from the power pack into
a 110125 volt AC line, 5060 evceles. CAU-
TION: Do not under any circumstances plug
into a line of higher voltage or lower frequency,
or into a DC line.

CONTROLS

The function of each control knob is indi-
cated by lettering on the panel. From left to
right the controls are as follows:

(]) Volume Gontrol: Volume increases as this
knob is turned to the right. This control may
be left at a convenient setting when the re-
ceiver is turned off, so that it will require no
readjustment when it is turned on again.

(2) Tone Control: When turned to the right
this control increases the treble or high-
pitched notes, producing “brilliant™ quality.
When turned o the left it reduces the treble
and thereby emphasizes the bass register,
producing “mellow” quality. This control may
be adjusted in accordance with individual

taste, but in general the best fidelity of repro-
duction is obtained with maximum brillianey.
This is particularly important on f-mn, and it
should be noted that a small rotation on the
knob away from the extreme right produces a
marked reduction in highs on a good fn
broadeasl.

Attention is directed to certain differences
in tone range among present-day f-m broad-
casts. Inm general the best fidelity may be
expeeled from an f-m broadeast utilizing live
studio program material. When the f-m trans-
mitter tukes its program material from a dis-
tant studio over a wire-line network, or from
ordinary phonograph records, there is usnally
a perceplible loss in reproduction of the
extreme highs, such as the overtones of high
violin notes, the “S” sounds in speech.

As the commercial use of f-m transmitters
expands, i accordance with the plans of the
Federal Communications Commission, special
broadeasting methods and equipment, now in
restricted use, will be more widely mtroduced.
This progress will lead to fuller utilization of
the potentialities of f-m, affording at all times
the degree of realism and the quality of enjoy-
ment obtainable with these special broadcast-
ing methods and equipment.

(3) Line Switch: Throw up for “on,” down for
“off.” This swilch is made entirely separate
from volume and tone controls in order that
the adjustments of the latter may be left un-
disturbed when the receiver is turned off,

WWW.americanradiohistorv.com
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(2) SPECIAL FEATURES OF FM-12
RECEIVER

The FM-12 chassis embodies virtually 1wo
complete receivers., utilizing the same andio
svstem and the same RF, converter, and IF
tubes tor both. The IF transformers for both
svstems are connected in series and work with
the common IF tubes, but separate second
detectors are used. A band switch seleets Lhe
proper antenna. RF, and oscillator tuming com-
ponents, and transfers the input lerminal
of the audio system from one second detector
to the other. Reference to the schematic
diagram will show additional details of the
switching arrangements.

Audio System: The audic system comprises
a 6C8G twin triode, nsed as first audio amp-
lifier and scli-regulating phase inverter, followed
by a pair of 6LGG tnbes operating in push-
pull, Class ABI.

Inverse Feedback: Inverse fecdback is em-
ploved to improve tone quality. For this pur-
pose a resislor network is connected across the
londspeaker voice-coil and a suitable propor-
tion of the voice-coil voltage is fed back inlo
the cathode of the first audio triode. This
cathode feedback voltage reduces the grid-
cathode voltage which is effective in producing

3
;
3
[ ¥
*
.

output. The aetion is equivalent o a large re-
duction of amplifier gain at those frequencies
at which the gain is high, and a small reduction
where the gain is low. The gain is also reduced
more on the peaks of harmonics generated in
the output stage. The result is the establish-
ment of virtually uniform gain over a wide
frequency range and the reduction of har-
monices.

Inverse Feedback Tone Control: Coutinnons
tone control is provided by a novel circuit
arrangement. A network consisting of a con-
denser and a variable resistor is connected he-
tween the plate of one of the output tubes and
ground. The variable resistor lorms part of the
mverse feedback network described above, so
that the voltage across the variable portion is
fed back to the cathode of Lhe first andio triode.
This reduces the input for all frequencies above
a certain value, without affecting lower fre-
quencies. The cutolf frequency is controlled
by adjustment of the variable resistor. A
moderalely sharp cutolf of the high audio fre-
quencies 1s produced, and the action is much
more satisfactory than the gradual cutoff pro-
vided by conventional tone controls,

Balance Detector: In tuning an f-m receiver it
s most essential to adjust the 1Y precisely to
the “balanee frequency” of the diseriminator,

PILOT F-M, A-M CONSOLE
MODEL CFM-12. SEPARA-
BLE PLUG CONNECTORS
BETWEEN TUNER, POWER
SUPPLY, AND SPEAKERS
FACILITATE REMOVAL OF
THESE UNITS WHEN SERV-
ICE WORK IS REQUIRED

WWW.americanradiohistorv-com
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(4) Band Switch: Turn to the left for f-m
(Frequency Modulation), right for a-m (Ampli-
tude Modulation).

(5) Tuning: This control combines fast and
slow tuning in a special Pilol drive mechanism,
permitting quick transfer from one part of the
dial to another, vet providing for fine tuning
with great facility.

TUNING BEACON

Accurate tuning is extremely important on
both FM and AM; careless adjustment will
introdiice noise and distortion. The cathode
ray tuning beacon in the top center of the dial
scale provides visual means to facilitate tun-
ing. As the tuning point is approached the
V-shaped shadow of the beacon becomes
smaller. On very strong signals the two sides
of the V-shaped sector mnay overlap. For cor-
rect tuning adjust to the smallest shadow or
the largest overlap.

PHONO-TELEVISION SOUND
Audio Input Jacks: All three imnodels have pin-

jack terminals at the rear of the receiver
chassis for conueetion to an external phono-
graph pickup, a microphone, or the audio
channel of a television receiver.

Phono-Radio Switch: Each model has i phono-
radio switch at the rear of the receiver chassis,
directly beneath the pin-jack terminals, for
switching in an audio input fed to these
terminals.

The phonograph  combination,  Model
LFM-12, has an additional phono-radio switeh
on the front panel directly above the line
switch, for switching in the huilt-in phono-
grapl. When using audio input feed to the pin-
jacks the front switch must beleft in the RADIO
position. When using the radio recciver both
switches must be in the RADIO position.

SERVICE INFORMATION

The following sections melude:

(1) a brief outline of the principles of fre-
quency modulation, so far as they will assist
in servicing this receiver;

(2) a description of the special features of
this receiver;

(8) alignment procedure;

(4) trimmer diagram;

(5) tube and voltage chart;

(6) schematic wiring diagram.

(1) FREQUENCY-MODULATION

The Armstrong Wide-Band Frequeney-
Modulation system has a twofold purpose:
(a) to eliminate interference from statie,
electrical induction, and tube noise; (b) to

increase the fidelity of reproduction. To
achieve these aims a new kind of signal is used,
which is totally ditferent in charaeter from
the disturbances, so that the receiver can dis-
criminate between the two.

Under this new system the program material
is ilmpressed npon the carrier wave by chang-
ing the frequency of the carrier in accordance
with the sound impulses instead of changing
its strength or amplitude. The departure from
carrier frequency, known as the “deviation,”
depends upon the sound intensity, and the
number of times the deviation is apphed and
removed depends upon the piteh of the sound.
The maximum deviation permitted by the
Federal Communications Commission is 75
kiJocycles, and this deviation corresponds to
100 per cent modulation al the transmitter.

To illustrate: suppose that the carrier fre-
quency is 43,000 kilocycles, and that a 1,000-
evele note of maximum loudness oceurs in the
musical program; then the frequency of the
transmitted wave will vary from 42,925 to
13,075 kiloeyeles and back again, and will
repeal this process 1,000 times per second.
Now suppose that the 1,000-cycle note becomes
weaker, say 88 per cent modulation; then the
transmitted wave will vary from 42,975 to
43,025 kiloeycles and back again, and will
repeal this process 1,000 times per second.

At the receiver, the frequency-modulated
wave is converted, by the standard super-
helerodyne process, to a lower intermediate
frequency will the same frequency modula-
tion. (In the FM-12 receiver the intermedi-
ate frequency is 2,100 kiloeyeles, and a swing
from 2,025 to 2,175 kiloeyeles would represent
100 per cent modulation.) After amplifica-
tion, this IF signal is theu applied to a “lim-
iter” tube, in a circuit which is arranged lo
deliver constant oul put regardless of changes in
the amplitude of the input. Since the static and
other disturbances are primarily amplitude
changes, the smoothing out of amplitude
changes by the “limiter” removes the dis-
turbing effects, but leaves the frequency
modulation unaltered.

The output of the limiter is applied to a
“frequency diseriminator” (or second detector)
which converts the frequency deviations into
audio-lrequency currents. These in turn are
amplified and delivered to a loudspeaker.

This system makes possible the reproduc-
tion of andio frequencies up to 13,000 eycles
per second . Such high-fidelity reproduction has
been impracticable hitherto, for two reasons:
first. a receiver designed to provide adequate
selectivity between 10-kiloeycle a-m broadcast
channels generally cuts the sidebands repre-
senting modulation beyond about 5,000 cycles;
and secondly, the noise interference lies mainly
in the higher audio-frequency register.
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LAYOUT OF THE RECEIVER CHASSIS AND POWER SUPPLY, SHOWING TUBE LOCATIONS AND AR-
RANGEMENT OF PARTS

in order to secure freedom from noise and dis-
tortion. It is not suflicient to provide means
for tuning to resonance peak, because the
resonance is toa broad and the peak may be
considerably off the balance frequeney.

The FM-12 recciver provides means for tun-
ing easily and precisely to the balance fre-
quency. At this frequeney there is no DC po-
tential difference hetween the two cathodes of
the discriminator tube, and a slight mistuning
in either direction gives rise to a potential
difference whose polarity corresponds to the
direction of mistuning. In the FM-12 receiver
this cffeet is utilized by a separate 6116 tube,
called the “balance deteetor,” whose calhode
hecomes positive when there i1s a potential
difterence in either direction between the dis-
criminator cathodes. This positive potential is
used to neutralize a negative polential de-
veloped by the signal at the limiter tube, and
prevents the negative potential from closing
the tuning beacon. At exact tuning, the posi-
tive potential disappears, leaving the negative
potential to close the beacon. The result is a
sharp tuning indication, governed by discrimi-
nator balance and not by mere resonance.

Inter-Station Silencer: When signal mput is

detuned or otherwise removed from an f-m

receiver, the limiter ceases to function so that
the entire amplifying system up lo the second
detector operates at full gain. Under these
conditions, unless steps are taken to prevent
it, the tube noise hecomes objectionably loud.
In the FM-12 this inter-station noise is com-
pletely suppressed by a 6S5Q7 squelch tube
whose plate eurrent flows in a biasing resistor
in circuit with the grid of the first audio triode.
The grid of the squelch tube is in turn con-
trolled by the same balance detector system
which operates the tuning beacon, so that the
squelch tube is biased to cutoff when a signal
is correctly tuned in. Under these conditions
the 68Q7 plate current ceases to flow in the
grid circuit of the first audio triode, permitting
the latter to function normally.

The value of the interstation silencer is
readily and foreefully demonstrated by re-
moving the 6SQ7 tube when the recetver is off
(une on f-m reception.

While the squelch feature is intended pri-
marily for f-m, it also functions on a-m when
a very small aerial is used.

(3) ALIGNMENT PROCEDURE
A-M Alignment: The A-M alignment of this

receiver is conventional in every respeet. Mast
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skilled radio servicemen have the equipment
and experience needed to perform this align-
mment successfully. A detailed desecription of the
a-m alignment will not, therefore, be given
liere, but the following information is included :

The locations of all trimmers are shown in
the trimmer chart.

The a-m intermediate frequency is 4535 kilo-
cycles.

The voice coil terminals are accessible on
the speaker frame for output meter connee-
tion. The voice coil impedance is approxi-
mately 6 ohms at 400 cycles.

Should it be desired temporarily to remove
the squelel feature so as to permit a-m align-
ment on weak inputs, this may be done by
grounding the plate supply of the 65Q7 tube
(junetion between 75,000-0hm and 10,000-0hm
resistors on terminal strip on front apron).
Since the diodes of this tube are used for a-m
sccond detector and AVC, the tube cannot be
removed as it can on f-m.

Should it be desired temporarily to remove

the inverse feedback, this may be done either
by shorting the 600-ohm tone control or by
opening the resistor-condenser network con-
nected m series with it across the voice coil.
The former method will also remove tone
control, while the latter will not.

The resistor in the inverse-feedback network
above referred to is 10,000 ohms in the table
model (with single speaker) and 4,000 ohins in
the console and phono combination (for dual
speakers;. In the phono combination a 10,000-
ohm resistor is switched in series with the
4,000-ohm resistor when the front phono-
radio switch is thrown to phono position.

Removwal of inverse feedback will inerease
the audio sensitivity about 2.0 times in the
10,000-ohm case, or about 2.5 times in the
4,000-0hm case,

F-M Alisnment: The correct alignment of an
f-mm receiver, while not difficult, is an exact
procedure requiring suitable equipment. an
understanding of the fundamental prineiples

£t

-~

REARVIEW OF THE PILOT

F-M, A-M PHONOGRAPH

COMBINATION. TUNER IS
- AT UPPER LEFT, WITH
j POWER SUPPLY BELOW.
THIS VIEW SHOWS BASS
SPEAKER AND TWEETER,
ENTIRELY ENCLOSED, AT
UPPER RIGHT. DIRECTLY
ABOVE TWEETER IS REC-

ORD-CHANGER

1D
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involved, and some experience. Aliynment
operations should not be attempted under any
ctreumstances withoul these three essentials, and
with them only if clearly necessary.

Equipment for F-M Alignment: The following
are the mimimum requirements:

(a) Signal generator having the following
frequency and output ranges: For IF align-
ment : Accurate ealibration between 2,000 and
2200 kiloeyeles: output adjustable at least
between 100 and 10,000 microvolts. For RF
alignment: Accurate calibration hetween 40
and 50 megaeycles; outpul adjustable at least
hetween 5 and 1.000 microvolts.

These requirements may be met either by
one or by two separate signal generators.
Amplitnde modulation at 400 1,000 eycles is
desirable to faeilitate finding, but is not
indispensable.

The signal generator output should be
brought out through a short concentric trans-
mission line. A .1 mfd. blocking condenser
should be at all times inserted at one end of the
central or high-potential conductor.

(b) Dummy antenna resistor, approxi-
mately 70 ohms, for connection between high-
potential output conductor of signal generator
and A terminal of receiver.

(¢) D. C. milliammeter, 0-0.5 or 0-1.0 milli-
amperes, tor measuring limiter grid current. A
shunting resistor capable of increasing the
range to aboul (—2.000 microamperes is desir-
able bt not essential. This meter should be
connected to a pair of leads about two feet
long, terminating in spring clips.

(@) D. C. microammeler having zero center

~ F-M SERVICE MANUAL—PILOT RADIO—MODEL 12 SERIES
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with range of 100 microamperes lo both right
and left of center. s a substitute a single-
sided meter with reversing switch may be
used, but this will be much less convenient.
This meter should be connected to a pair of
leads about two feet long, cach lead conneeted
10 a 250,000-0hm resistor, the free euds of the
resistors terminating in spring elips.

(e) Resistor, 500,000 ohms, with clips for in-
sertion between converter grid lead and grid cap.

F-M Meter Connections:

(a) Connect the limiter grid milliammeter
aeross the 1,000-ohm resistor whichis connected
in series with 40,000-ohm and 16,000-ohm re-
sistors from the grid of the 6SJ7 limiter to
chassis. The positive terminal of the meter
should be connected to the grounded end of the
1,000-0him resistor, and the negative terminal
to the other end.

(b) Connect the zero-center meter (through
its two 250,000-ohm resistors) across the two
100,000-ohm resistors which are eonnected
between the cathodes of the 6H6 discriminator
tube. These resistors are readily identified
because they are mounted end-to-end on a lug
strip between the diseriminator tube and the
diseriminator transformer,

F-M Intermediate-Frequency Alignment:

(a) Remove the converter grid cap and in-
sert 500,000-ohm resistor between grid cap and
grid lead. Connect signal generator between grid
cap and chassis. Adjust signal generator to
exactly 2,100 kilocycles, with IF input (signal
generator output) al abont 1,000 micro-volts.

(5) TUBE AND VOLTAGE CHART

All voltuges taken with 117-volt 60-cycle line. Band switeh on FM no signal
Voltmeter resistance =300,000 chms for readings above 30 volts; 30,000 ohms for lower readings

Tube Loratios Funetion
1852/6AC7 | Receive- Chassis R-f amplifier 0
1852/6ACT Ist i-f amplifier 0
t832/6AC7 2nd i-f amplifier 0

6K8 Oscillator-converter |0

{ A M-second detect ory

63Q7 AM-AVC

Interstation ailencer\
6HE FM-discriminator 0
6HE FM-balance rectifier |0
6C8G {l)sl auTlio amp[iﬁer} 0

Phase inverter
616 Qutput 0
6L6C Qutput 0
6U5H Dial Biscket | Tuning Beacon 6
504G Pwr. Supp. Chassis | Rectifier 0

Voltage Beiween Chassis and Socket Terminal

2 3 4 5 | 7 8

0 0 0 1.9/138 | 6(a-c) | 292
0 0 0 1.9/138 6(a-c) 292
0 0 0106 6(n-c) | 140

0 282 | 120 1.3 81 6(a-c) 3.4

0 0 0 | 60
0 < 0 (] 0 6(u-¢) 0
6(a-c) O 0 0 0 0 0
6(ac) | 33 0 0 93 0 35
0 292 | 304 0 0 tla-c) | 22
0 292 304 0 0 6(a-c) 22
(a-c) 3t 0112 0 0 |

346 0 305(a-c) 0 |305(a-c) O 346

Rectifier heater voliage between terminals 2 and 8 =5 volts a-c.

#*33 volts af 68Q7 plate supply.

11 volt reading with 300.000-ohin voltmeter,
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(b) Now tune cach of the six 2,100 ke. TF
trunmers (sce trimmer diagram) for maximum
response in limiter grid meter. Check sensi-
Livity by adjusting IF mput until milliam-
meler reads 0.20 milliamperes. This should
take between 150 and 250 microvolts.

(¢) Next increase signal generalor output to
about 10,000 microvolts and adjust secondary
trinuner of diseriminator transformer carefully
until zero-center meter reads zero.

(d) Next detune signal generator by exactly
100 kiloeyeles upward and note reading of
zero-center meter. Detune by 100 kiloeycles
downward and note reading. Adjust primary
trimmer  of diseriminator transformer and
repeat this test until readings on both sides of
zero are equal (approximately 48 microam-
peres).

F-M Radio-Frequency Alignment:

(a) Restore normal grid lead connection to
grid cap ol converter tube. Conneetl low-po-
tential output terminal of signal generator to
terminal D of recciver. Connect high-potential
termimal to terminal A through a 70-ohm
dummy antenna resistor.

(b) Adjust signal generator lo about 1,000
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microvolts output at exactly 45 megacycles.
Tune receiver dial 1o exactly 45 megacycles.
Tune f-m oseillator trimmer until limiter grid
meter responds, then adjust this trimmer
very carefully lto give zero reading on zero-
center meter. Switeh signal generator off and
on and watch limiter grid meter to make sure
that observed signal 1s connng from signal
generator.

Adjust signal generator to vieinity of 40.8
megacycles. and find tmage {requency, which
produees a somewhal weaker response in lim-
tter grid meter. If image eannot be found near
140.8 megacyeles, but appears instead near
49.2 megacyeles on signal  generator, then
oscillator trimmer capacity is too low. In this
case reset to 45 megaeveles and inerease os-
cillator trimmer capacily by turning screw
counter-clockwise until a second response is
found. Now adjust accurately to zero-center
reading and repeat test for image response at
40.8 megacycles.

(¢) Reduce signal generator output to about
50 microvolts. Tune f-in R and antenna trin-
mers to maximum response on limiter grid
meter.

This completes the alignment of the receiver.

REVOLUTION FOR PROFIT

(CONTINUED FROM PAGE 9)
if over-production of the previous scason’s
models were offered at reduced prices.

Since this is permissive regulation. no com-
pany would be under compulsion to submit sets
for lest, or to meet the approved standards.
The only pressure would come from pur-
chasers who registered preference for models
bearing the official approval. Such disciplinary
action as might be necessary on the part of (he
lesting laboratory would merely he withhold-
ing the scals, under terms on which they were
issued, in case of their misuse.

This, of course, is only the suggestion of one
individual. There may be other. better ways to
apprise the public of f-m performance stand-
ards. Certainly, some such plan will perform a
highly uselul service to the industry and to the
purchasers of Lhe new receivers,

All the Elements of Success * The commercial
perfection of frequency modulation has ereated
an entirely new situation for the radio industry.
It provides all the elements necessary lo sue-
cess beyvond any records of the past. At the
same time, the stage has been set for a re-
shufliing of broadecasting which, by the f-m
svstem, furnishes facilities for giving the
American public home entertainment of still
greater excellence than has been possible with
the amplitude modulation system.

Surely, the people of this country are
responsive to technical improvements. Right
here in the U, 5. A, we have the greatest
market in the world and the greatest purchas-
ing power lo encourage the commercial devel-
opment of anything representing scientifie
progress. I the radio manulacturers will make
capital of past mistakes, frequency modulation
will restore it to its place among the leading
industries.

School Broadcasting Goes F-M

The Cleveland City Board of Education huas been
granted authority by the FCC to change that school
system’s non-commercial education radio service
from amplitude modulation to frequency modula-
tion.

I'he specific grant involves the eduecation board's
station WBOE shifting from 41.5 me., 500 watts
power night and day. A3 emission, lo 42.5 me., and
increasing day and night power to 1000 watts for
f-m transmission.

Extensive use has been made of the facilities of
WBOE in serving 156 receivers in the Cleveland
school system. The Board of Education states that
1he objective to be attained with f-m is higher fidel-
ity and reduction of interference with classroom in-
struction and public education.

In August the Commission authorized the San
Francisco Bourd of Education to use f-in for similar
service in that arca. Other cities now using radio for
educalional purposes are expected lo shift to f-m
equipment.
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NTRODUCING a new, patented radio

gadget or eircuil improvement Is a malter
attended by very little fornality, but the
nature of the f-m invention makes it a three-
sided problem of many ramificalions. These
include all the conventional complications,
with some special ones all its own. It is no
small tribute to Major Armstrong’s capacity
for being right and for getting his 1ideas across
to others that the commercial application of
f-m has proceeded so smoothly and rapidly,
without a single snag to cause delays.

The three phases of this new development
are: (1) commercial perfection of f-m trans-
mitters and reccivers, and the associated equip-
meut; (2) appraval by the FCC, and allocation
of frequencies for f-m broadeasting; (3) estab-
lishing a patent situation, and working oul
acceptable license contracts.

With the first phase cleared up, as it has
been, f-m might have bogged down on either or
both of the other two. Actually, the second was
settled in a most satisfactory way when the
FCC assigned the 42- to 530-mec. band to f-m
broadeasting. The third phase has proceeded
smoothly, too. Manufacturers have recognized
the validity of the Armstrong patents without
any contesl, and they have found the {-m
license contracts 1o be reasonable, workable
mstruments. Major Armstrong, of course. has
had much praetieal experience in such matters
himsell, and he is ably represented in legal
maltlers by the firm of Cravath, deGersdortt,
Swaine & Wood. The negotiations for f-m
licenses have been handled by Alfred Mec-
Cormack. of that office.

Already, twenty license contracts have been
signed 1 the six fields of application of fre-
quency modulation. These are with the follow-
g manufacturers of radio equipment :

1. Manufacture of Broadcast transmitters:

Radio Engineering Laboratories, Inc.
General Electric Company
Western Eleetrie Conpany

2. Broadcast receivers:

General Electric Company

Stromberg-Carlson Telephone Manufac-
tnring Company

Zenith Radio Corporalion

I2. H. Scott Radio Laboratories, Inc.

Pilot Radio Corporation

Stewarl-Warner Corporalion

Ansley Radio Corporation
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List of the Manufacturers Licensed for the Various
Applications of Armstrong F-M Patents, as of Sept, 25

3. Amateur and experimental receivers:

National Company, Inc.

Hallicrafters, Ine.

The Hammarlund Manufacturing Com-
pany, Inc.

4. Special receivers for broadcasting com-
panies:

Radio Engineering Laboratorics. Inc.
Western Electric Company

5. Mohile communication and miscellanecus
apparatus;

Radio Engineering Laboratories, Iuc.
General Electric Company
F. M. Link

6. Aviation apparatus:

Radio Engincering Laboratories, Inc.
General Electric Company

Al this time of writing, eight additional
broadcast receiver maufaclurers have applied
for licenses. and these are in process of negotia-
tion. Included in this number are largest pro-
ducers of home radio sets. At least fifteen
requests are also being considered for licenses
in the other fields of application.

It has been learncd on good authority that
RCA has applied for a liceuse under the Arin-
strong patents in all fields. Contrary to pre-
vious reports, no license has been granted yet
to Farnusworth Radio and Television Corpora-
tion.

The above i1s in accordance with information
available on September 25th. However, it may
be incomplete at the time of publication, be-
cause applicants for licenses are anxious to
complete arrangements to get f-m sets in pro-
duction in time for the post-Christmas sales
activilies.

The licenses referred to above do not include
those issued to owners of individual f-m broad-
cast stalions. These are covered by a short
form of contract. While the rovalty paid by
apparatus manufacturers is based on selling
prices, the royvalty paid by the broadcasters is
a fee determined by the operating power of the
transmitler,

Supplementary lists of manufacturers to
whon f-m licenses are issued will he published
in forthcoming numbers of FM MAaAGAzINE.



E. J. McDONALD, JR.

HIS RECORD OF RIGHT GUESSES MAKES COMMANDER McDONALD’S OPINION ON NEW RADIO DE-
VELOPMENTS WORTHY OF SERIOUS CONSIDERATION. HERE ARE HIS VIEWS ABOUT FREQUENCY
MODULATION, ITS SIGNIFICANCE, AND FIELD OF USEFULNESS:
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THE MANUFAGTURERS SAY:

A Statement by Commander E. J. McDonald, Jr., President of Zenith Radio Corporation

ANY retail dealers are asking questions
abont the uew type of radio lransmission
and reception. frequency modulation, known
for short as FM. Thev ask, for example. * Will
FM obsolete aud displace the present type of
broadcasting?”” “ What will he the effect on the
unit of sale?”

I shall try to answer these guestions, and in
addition give voir some faets about frequency
modulation as I have found them to exist.

Frequency modulation faces nome of the
cconomic hurdles of television. Inereased pro-
gram costs and increased program production
problems are not a consideration as with tele-
vision. Television, hecause of the economice
obstacles, is still a long way off so far us general
use in the home is concerned. That is my
opitton. Nol so with FM. It’s here. Programs
now used for standard or amplitude modula-
tion radio broadcasts may be used on FM
without change.

Comuivariox Tyees WiLL PREvAIL

Frequency modulation transmission has two
great advantages; comparative freedom from
statie, and high fidelity reproduction. Conse-
quently, its greatest appeal will he to music
lovers.

In my opinion radios of the combination
type providing for both FM and the present
AM type reception will constitute 99 per cent
of the FM receiver business. That is, 99 per
cent of all FM receivers manufactured will
also contain AM or standard type receplion
facilities.

FM WinL Notr RErnace Omner Tyres

Meanwhile FM should be a boon to the
transeription business, since FM stations may
send from records KM transmissions capable
of reprodueing as mueh fidelity as the best
transeriptions contain withont the fidelity loss
that would ocenr in a hookup over existing
chain telephone lines.

I do not helieve FM broadeasting and the
type of receiver it demands will in the near
future or even ultimately displace all other
types. There are several reasons for this.
Audio systems and loudspeakers capable of
reproducing 15,000 cycle high fidelity from a
direct studio M broadeast are necessarily
more costly than systems and speakers that
will reproduce only 6,000 eveles. Where there
1s a special demand on the part of musie lovers
for high fidelity, such extra cost will no doubt
gladly be borne by the purchasers of FM re-
ceivers for the sake of the quality that canbe
obtained from them.

PreEsenT BaNns Cournp B REvIsED

If the changeover of smaller stations to FAL
should relieve the congestion of slations in the
present amplitude inodulation band. T am con-
fident that the present bhand itself can be re-
vised lo give 20,000 or 30.000 cycle separation
between stations upon this band, and that then
a mecasure of high fidelity will he possible on
the standard Lroadcast band not permitted
today because of congestion.

As frequency modulation improves, ampli-
tude modulation will also improve, and with its
long distance ability will still have an unpor
tant place in American broadeasting.

KM MEaxs Pruus Business

The new market to be opened up is not «
replacement market but a plus market. Just
as the first drive ol manufacturers was to get
one radio in every home. and a more recent
drive has been to place additional receivers in
every home, frequency modulation will he
basically a drive on the family living room
where c¢very hoine, regardless of what other
receivers it has, should have a high fidelity
instrument  for special musical broadcasts.
We are planning a program in line with this
thinking.

FM Wipi Rarse Inpustry Sanes UNir

The general effect of FM on radio dealers,
as this system of lransmission and reception
develops, will be to raise the unit of sale, and
no dealer, 1 feel, will regret that cireumstance.

Zenith has already introduced FM receivers
in the 1941 radio line. They are definitely
developed as quality items.

Zenith’s own TFM transmitter. Stalion
WOXZR, the only one now operating in the
Chicago area, has been on the air since Febru-
ary Ist. It is located at the top of the Chicago
Towers Club, one of the eity’s highest huild-
ings, and is hooked up by a mile of special
high fidelity cable to the Cohumbia Broadeast-
ing Svstem via its Chicago outlet, Station
WBBM. This station gives us ample facilities
for first-hand experimentation.

FM Travsmirrers Cost LEss

FM transmitters are relatively inexpensive
Lo ereet. They cost less than our present ampli-
tude modulation transmitters. This fact may
help in speeding their erection,

Eventually, as more FM stations are erected,
the public will become aware of a special
charaeteristic of FM stations which does not
exist in connection with the present type of

(CONCLUDED ON PAGE 43)
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Eprror’s Nore: It is important to all concerned to
understand the rules and regulations governing f-m
transmitters, for it is within the {{m7itations of such
control that f-m broadeasting will erpand. Of particular
interest to manufacturers and the trade are the defini-
tions of f-m terms, and Sec. 3.225, us this explans the
assignment of frequencies in areas of various popula-
tion densities, in order to avord inter-station inter-
ference. The complete text of the Rules, promulyated
by the FCC on June 22, 1949, appear below. Further
additions or revisions will be published, when they are
released, in subsequent issues of FM MacaziNg. The
Standards of Good Engineering Practice referred to
Frequently in this text were to have been published in
this 1ssue of FM MuacGazINE, by the authority of the
FCC. Houwever, the Standards for high frequency
broadeast stations are being revised, owing to the need
of elarification and simplication. It ix expected that the
revised Standards will he issued in time for publication
in FM MagaziNg for December.

1L existing rules governing standard broad-
cast stations, and the new rules governing
high frequency broadcast stations are to be
combined in Part 3 of the Commission’s rules,

which will be entitled “Rules Governing
Standard and Iligh Frequeney Broadcast

Stations.” Subpart A of the rules, applicable
only to standard broadecast stations comprises
existing rules 8.1 to 8.86 inclusive. Subpart C,
containing general rules applicable both to
standard and high frequency broadceast sta-
tions, will comprise existing rules 3.87 to 3.104
inclusive. Subpart B, comprising the new rules
governing high frequeney broadeast stations is
as follows:

SUB-PART B. RULES GOVERNING HIGH
FREQUENCY BROADCAST STATIONS

DEFINITIONS *
Sec. 3.201. High Frequency Broadcast Sta-

tion * The term ““high frequency broadeast
station”’ means a station licensed primarily for
the transmission of radiotelephone emissions
intended to be received by the general public
and operated on a channel in the Iigh Fre-
quency broadeast -3 hand.

Sec. 3.202. High Frequency Broadcast Band »

The term “high frequency broadcast band”

1 Qther definitions which may pertain to high frequency
broadeast stations are included in Sections 2.1 to 2.35 and
Sections 3.1 to 3.16, and the Communications Act of 1934,
as amended.

2 8ee Section 3.226 concerning multiplexing, aural and
facsimile programs.

3 High frequency hroadeast stations must use frequeney
modulation exclusively in accotdance with Section 3,225 (d)
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Rules Governing High Frequency Broadcast Stations, Gomprising Sub-
part B from Part 3 of the Federal Communication Commission's Rules

means the band of frequencies extending from
43,000 to 50,000 kilocycles, both inclusive.

Sec. 3.203. Frequency Modulation * The term
“frequency modulation” means a system of
modulation of a radio signal in which the
frequency of the carrier wave is varied in
accordance with the signal to be transmitted
while the amplitude of the carrier remains
constant.

Sec. 3.204. Center Frequency * The term
“center frequency” means the frequency of
the carrier wave with no modulation. (With
modulation the instantaneous operating f{re-
quency swings above and below the center
frequency. The opcrating frequency with no
modulation shall be the center f{requency
within the frequency tolerance.)

Sec. 3.205. High Frequency Broadcast Chan-

nel * The term “high frequency broadcast
channel” means a band of frequencies 200
kilocycles wide and is designated by its center
frequency. Channels for high frequency broad-
casl stations begin at 43,100 kilocyeles and
continue in successive steps of 200 kiloeve'es to
and including the frequency 49,900 kiloeyeles.

Sec. 3.206. Service Area * The term “service
area” of a high frequency broadeast station
means the area in which the signal is not sub-
ject 1o objectionable interference or objection-
able fading. (High frequency broadecast stations
are considered to have only onc service area;
for determination of such area see Standards
of Good Engineering Practice for High Fre.
quency Broadeast Stations.)

Sec. 3.207. Antenna Field Gain* The term
“antenna field gain® of a high frequency
broadcast antenna means the ratio of the effec-
tive free space ficld intensity produced at one
mile in.the horizontal plane expressed in
millivolts per meter for 1 kilowall antenna
input power to 187.6.

Sec. 3.208. Free Space Field Intensity * The
term ““free space field intensity” means the
field intensity that would exist at a point in the
absence of waves reflected from the earth or
other reflecting objects.

Sec. 3.209. Frequency Swing * The term
“frequency swing” is used only with respect
to frequency modulation and means the in-
stantaneouns departure of the carrier frequency
from the center frequency resulting from
modulation.
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Sec. 3.210. Multiplex Transmission * The
term “multiplex transmission” means the
simultancous transmission of two or more
sighals by means of a common carrier wave.
(Multiplex transmission as applied to high
frequency broadeast stations means the trans-
mission of facsimile or other aural signals in
addition to the regular broadcast signals.)

Sec. 3.211. Percentage Modulation * The

term “percentage modulation® with respect to
frequeney modulation means the ratio of the
actual frequeney swing to the frequency swing
roquirod for 100 per cent modulation expressed
i percentage. (Ior lngh frequency broadcast
stations, a frequency swing of 75 kiloeyeles is
standard for 100 per cent modulation.)

Sec. 3.212. Experimental Period * The term
“experimental period” means that period of
time between 12 midnight and sunrise. This
period may be used for experimental purposes
in testing and maintaining apparatus by the
licensee of any high frequency broadcast sta-
tion, on its assigned frequency and with its
authorized power, provided no inlerference is
caused to other stations maintaining a regular
operating schedule within such period.

Sec. 3.213. Main Studio * The term “main
studio” means, as to any station, the studio
front which the majority of its local programs
originate, and/or from which a majority of its
station announcements are made of programs
originating at renmvote points.

ALLOCATION OF FACILITIES®

Sec. 3.221. Basis of Licensing High Frequency
Broadcast Stations » High frequency broad-

cast stations shall be licensed to serve a specei-
fied arca in square miles. The contour bounding
the service arca and the radit of the contour
shall be determined in accordance with the
Standards of Good Engincering Practice for
High Frequeney Broadeast Stations.

Sec. 3.222. Area Served (a) High frequency
hroadeast stations shall be heensed to serve
arcas having characteristics falling within the
provisions of subparagraphs (a), (b), or (c)
of Sec. 3.225 hereof. The Commission, in con-
sidering applications for high frequeney broad-
cast stations, will establish service areas.

(b) Where a service area has heen estab-
lished in which one or more existing high

1 The rules reluting to allocation of facilities are intended
primarily for the information of applicants. Nothing con-
tained in said rules shall be regarded as any recognition of
any legal right on behalf of any person to a grant or denial
of any application.

frequency broadeast stutions are in operation,
the contours of any new station proposed to
serve such arca shall compare with those of the
existing station or stations as nearly as possible.

Sec. 3.223. Time of Operation * Al high fre-
queney broadcast stations shall be licensed for
unlimited time operation.

Sec. 3.224. Showing Required * Authorization
for a new high frequency broadcast station or
increase in facilities of an existing station ?
will be issued only after a satisfactory showing
has been made in regard to the following
matters:

(a) That the area and population which the
applicant proposes to serve has the character-
istics of an area described in subparagraphs
(a), (b), or (¢) of Sec. 3.225 hereof. The applica-
tion shall be accompanied by a full analysis of
the basis upon which the arca as set forth
in the application was determined. No applica-
tion for construction permit for a new station
or change of service area will be accepted
unless a definite site, full details of the proposed
antenna, and a suitable map showing the
expected service area are furnished with the
application. (See Standards of Good Engi-
neering Practice for High Frequency Broadeast
Stations.

(b) Where a service area has been estab-
lished in which one or more existing high
frequency broadeast slations are in operation,
that the contours of any new slation proposed
to serve such area will compare with those of
the existing station or stations as nearly as
possible, or that the service area already
established should be modified.

(c) That objectionable interference will not
be caused to existing stations or that if inter-
ference will be caused the need for the proposed
service outweighs the need for the service which
will be lost by reason of such imterference.

(d) That the proposed station will not sutfer
interference to such an extent that its service
would be reduced to an unsatisfactory degree.
(For determining objectionable interference,
see Standards of Good Engineering Practice
for High Frequency Broadcast Stations.)

(e) That the technical equipment proposed,
the location of the transmitter, and other
technical phases of operation comply with the
regulations governing the same, and the re-
quirements of good engincering practicé. (See
technical regulations herein and Standards of
Good Engineering Practice for High Frequency
Broadeast Stations.)

(f) That there is a need for the proposed
program service in the area to be served.

(g) That the applicant is financially quali-

2 8pecial authorizaticns which do not involve experi-
mental authorization may be granted pursuant to See. 1,365,
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fied to construct and operate the proposed
station; and, if the proposed stalion is to
serve substantially the same area as an existing
station, that applicant will be able to compete
cifectively with the existing station or stations.

(h) That the prograin service will include
a portion ol programs particularly adapted to
a service utihzing the full fidelity capability of
the svstem, as set forth i the Standards of
Good Engincering Practice for High Frequency
Broadcast Stations.

(1) That the proposed assignment will tend
to effeet a fair. efficient, and equitable dis-
tribution of radio service among the scveral
states and communities.

(3) That the applicant is legally qualified, is
of good charaeter, and possesses other qualifi-
cations sufficienl to provide a satisfactory
public service.

(k) That the facilities sought are subject to
assignment as requested under existing inter-
national agrecments and the Rules and Regu.
lations of the Commission.

(I) That the public inlerest, convenience
and nccessity will be served through the
operation under the proposed assignment

Sec. 3.225. Channel Assignments * The chan-
nels set forth below with the mdicated center
ifrequencies are available for high frequeney
broadeasl stations:

(a) (1) Applicants for licenses to serve cities
or towns having a total population of less than
25,000 (approximate) (exclusive of adjacent
rural areas) shall apply for one of the following
channel assignments:

48900 49500
49100 49700
$9300 49900

(2) The application shall specify a service arca
which shall not exceed 500 square miles, except
where a definite need for a greater area is shown
and no objectionable interference will result.

(b) (1) Applicants for licenses to serve
populations of 23,000 (approximate) or more
within areas comprising less than 3,000 square
miles shall apply for one of the f()ll()wmg chan-
nel assignments:

44500 45900 47500
44700 46100 47700
44900 46300 47900
15100 46500 48100
45300 46700 48300
45500 £6900 48500
45700 47100 48700
47300

(2) The applications shall specifv a service
area which shall comprise (1) cither a metro-
politan distriet, (i) a city, (iii) an area which
may comprise one or more towns or com-
munities or subdivisions of cities or metro-
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politan districts having such common cultural,
economtic. geographical. or other character-
istics as to justify service to the area us a unit.

(e) (1) Applicants for licenses to serve areas
in excess of 3.000 square miles shall apply for
one ol the following channel assiginments:

43100 43900
13300 44100
43500 44300
13700

(®) The application shall specity a service
area comprising two or more large cities or
metropolitan districts and a large adjacent
rural area; or, in exeeptional cases, one city or
m+-tlopohtan district and a large adjacent
rural area.

(d) High frequencey broadeast stations shall
use [requency modulation exclusively.

(¢) Stations serving all or a substantial part
of the same area will not be assigned adjacent
channels.

(f) One channel only will be assigned to a
station.

Sec. 3.226. Facsimile Broadcasting and Multi-
plex Transmission * ‘I'e Commission may

grant authority to a high frequency broadcast
station for the multiplex transmission of
facsimile and aural broadcast programs pro-
vided the facsimile transmission is incidental
to the aural broadeast and does not either
reduce the guality of or the frequency swing
required for the transmission of the aural
program. The frequency swing for the modnla-
ton of the aural program should be maintained
at 75 ke, and the faesimile signal added thereto.
No transmission outside the authorized band
of 200 ke. shall result from such multiplex
operation nor shall interference be caused to
other stations operating on adjuacent channels.
The transnussion of multiplex signals may also
be anthorized on an experimental basis in
accordance with Seetion 3.32, sub-part \.

Sec. 3.227. Proof of Performance Required »
Within one year of the date of first regular
operation of a high frequency broadeast station,
continuous field intensity records along several
radials shall be submitted to the Commission
whieh will establish the actual field contonrs,
and from which operating constants required
to deliver service to the area specified in the
hicense are determined. The Commission may
grant extensions of time npon showing of
reasonable need therefor,

Sec. 3.228. Multiple Ownership * (a) No per-
son (including all persons under conunon
conllol)L shall, directly or indirectly, own,

I The word *“control’ as used herein is not limited to ma

jority stock ownership but ineludes actuul working control
in whatever manner exercised.
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operate, or control more than one high fre-
quency broadeast station that would serve
substantially the same service area as another
high frequency broadeast station owned, oper-
ated, or controlled by sneh person.

(b) No person (including all persons under
common control} shall. directly or indirectly,
own, operate, or control more than one high
frequencey broadeast station, exeept upon a
showing (1) that such ownership, operation, or
control would foster competition among high
frequeney hroadeast stations or provide a high
frequency broadeasting service distinet and
separate from existing services, and (2) that
stch ownership, operation, or control would not
result in the concentration of control of high
frequency broadeasting facilities in a manner
inconsistent with public interest, convenience,
or necessity; provided, however, that the
Commission will consider the ownersinp, oper-
alion, or contral of more than six high fre-
queney broadeast stations to constitute the
concentration of control of high frequency
broadcasting facilities in a manner inconsistent
with public interest, convenience, or necessity.

Sec. 3.229. Normal License Period * ANl high
frequency broadeast station licenses will he
issued so as to expire at the hour of 8 an,
Fastern Standard Time, and will be issued for
a normal license period of one year. expiring
as follows:

(a) TForstations operating on the frequencies
18900, 49100, $9300, 19300, 49700, and 49900,
April 1.

(h) For stations operating on the frequencies
414500, 414700, 44900, 45100, 43300, 45300,
143700, $5900, 46100, 46300, and 46500, May 1.

(¢) For stations operating on the frequencies
16700, 46900, 47100, 47300, 47500, 47700
47900, 48100, 45300, 48500, zlll(l 48700, June 1.

(d) Forstations operating on the frequencies
13100, 43300, 43500, 43700, 43900, $4+100, and
44300, July 1

EQUIPMENT
Sec. 3.241. Maximum Power Rating * The

Commission will not authorize the installation
of a transmitter having a maximum rated
power more than twice the operating power of
the station.

Sec. 3.242. Maximum Rated Carrier Power;
How Determined * (2) The wmaximum rated

carrier power of a standard transmitter shall
he determined by the manufactnrer’s rating
of the equipment.

(b) The maximum rated carrier power of a
composite transmitter shall be determined by
the sum of the applicable commereial ratings
of the vacuum tubes cmployed in the last
radio stage.

Sec. 3.243. Frequency Monitor * The licensce
of each high frequency broadeast station shall
have in operation at the transmitter a fre-
quency monitor independent of the frequency
control of the transmitter. [t shall have a
stability of 20 parts per million. For detailed
requirements thereol see Standards of Good
LEngineering  Practice for High  Frequeney
Broadeast Stations.

Sec. 3.244. Modulation Monitor * The licensee
of each high frequency broadeast station shall
have in operation at the transmitter an ap-
proved modulation monitor. For detailed
requirements thereof see Standards of Good
Ingineering  Practice for High  Frequeney
Broadcast Stations.

Sec. 3.245. Required Transmitter Perform-
ance * (a) The external performance of high
frequency  broadeast transmitters shall  be
within the minimum requirements prescribed
by the Commission contained in the Standards
of Good Engincering Practice for High Fre-
queney Broadceast Stations.

(b) The transmitter center frequency shall
be controlled directly by automatic means

which do not depend on inductances and
capacities for inherent stability.
(¢) The transmitter shall be wired and

shielded in accordance with good c¢ngineering
practice and shall be provided with safety
features in accordance with the specifications
of article 810 of the current National Electrical
Code as approved by the Arerican Standards
Association.

Sec. 3.246. Indicating Instruments * The
direct plate cireuit current and voltage shall
be measured by mstruments having an aceept-
able aceuracy. (See Standards of Good EFngi-
neering Practice for High Frequency Broadeast
Stations.)

Sec. 3.247. Auxiliary and Duplicate Trans-

mitters * Sce Sections 8.68 and 3.64 for provi-
sions governing the use of auxiliary and duph-
cate transmitters at high frequency broadcast
stations.

Sec. 3.248. Changes in Equipment and An-
tenna System * Licensces of high frequency
broadcast stations shall observe the following
provisions with regard to changes in equipment
and antenna system:
(a) No changes in equipment shall be made:
1. That would result in the emission of
signals outside of the authorized channel.
That would result in the external per-
formanee of the transmitter being in disagree-
ment with that preseribed in the Standards of
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Good Engineering Practice for High Fre-
quency Broadeast Stations.

(b) Specific authority, upon filing formal
application ! therefor, is required for a change
in service area or for any of the following
changes:

1. Changes involving an increase in the
maximum power rating of the transmilter.

2. A replacement of the transmitter as a
whole.

3. Change in the location of the transmilter
antenna.

4. Change in antenna system, including
transmission line, which would result in a
measurable change in service or which would
affeet the determination of the operating
power by the direct method. It any change is
made in the antenna system or any change
made which may affect the antenna system,
the method of determining operating power
shall be changed immediately to the indirect
method.

Change i location of main studio to
outside of the borders of the city, state, dis-
trict, territory, or possession.

6. Change in the power delivered to the
antenna.

(e) Specific authority, upon filing informal
request therefor, 1s not required for the follow-
mg change in equipment and antenna:

1. Change n the indicaling instruments
installed to measure the antenna current or
transmission line, direct plate cireuit voltage
and the direetl current of the last radio stage,
except by instruments of the same type, maxi-
mum scale reading and accuracy.

2. Minor changes in the antenna system
and/or transmission line which would not
result in an increase of service area.

3. Changes in the location of the main studio
excepl as provided for in subsection (b) 5.

(d) Other changes, except as above pro-
vided for in this section or in Standards of
Good Enginecring Practice for High Frequeney
Broadcast Stations preseribed by the Commis-
sion may be made at any time without the
authority of the Commission, provided that
the Commission shall be promptly notified
thereof, and such changes shall be shown in the
next application for rencwal of license.

Sec. 3.231. Operating Power; How Deter-

mined * The operating power, and the re-
quirements for maintenance thereof, of cach
high frequency broadeast station shall be
determined by the Standards of Good Engi-
neering Practice for High Frequency Broad-
cast Stations.

! Bee Standards of Good Engincering Practice for High

Frequency Broadcast Stations for specific application form
required.

Sec. 3.252. Modulation x (a) The percentage of
modulation ol all stations shall be maiutained
as high as possible consistent with good quality
of transmission and good broadcast practice
and in no case less than 85 per cent on peaks
of frequent recurrence during any selection
which normally is transmitted at the highest
level of the program under consideration.

Sec. 3.253. Freguency Tolerance * The operat-
ing frequency without modulation of each
broadeast station shall be maintained within
2,000 cycles of the assigned center frequency.

OPERATION

Sec. 3.261. Minimum Operating Schedule;

Service x (a) Exeept Sundays, the licensee of
cach high frequency broadeast station shall
maintain a regular daily operating schedule
which shall consist of at least three hours of
operation during the period 6 a.M. to 6 p.u.,
local standard time, and three hours ol opera-
tion during the period 6 p.m. to midnight, local
standard time. In an emergency, however.
when due to causes hevond tlie control of the
licensee, 1t becomes impossible to continue
operaling, the station may cease operation for
a period not to exceed ten days, provided that
the Commission and the Inspeetor in Charge
of the radio district in which the station is
located 2 shall be nolified in writing imme-
diately after the emergency develops.

(b) Such stations shall devote a minimum
of one hour each day during the period 6 a.m.
to 6 r.m., and one hour each day during the
period 6 p.M. to midnight, to programs not
duplicated simultaneously as primary service
in the same area by any standard broadcast
station or by any high frequeney broadcast
station, During said one hour periods, a
service utilizing the full fidelity capability of
the system, as set forth in the Standards of
Good Engincering Practice for High [Fre.
queney Broadcast Stations, shall be rendered.
However, the Commission may, upon request
accompanied by a showing of reasons therefor,
grant c\(‘mpllon 1r0111 the foregoing requlrc—
menls, i whole or in part, for periods not in
excess of three months.

(¢) In addition to the foregoing minimum
requirements, the Commission will consider,
in determining whether public interest, con-
venience, and necessity has been or will be
served by the operation of the station, the
extent to which the station has made or will
make use of the facility to develop a distinet
and separate service from that otherwise avail-
a.ble in the service area.

2 See Appendnx No. 3, Part 1.



ON THE WOODED HEIGHTS OF MT. ASNEBUMSKIT, MASS., STANDS THIS PIONEER F-M STATION

GATEWAY T0 FINER ENTERTAINMENT

Description of Yankee Network’s W1X0J at Paxton—by Paul A. deMars

HEN, in October of 1938, a road was built

threugh woods and pastures to the summit
of Mt. Asnebumskit in the town of Paxton,
Mass., there was inaugurated a most important
step in broadcasting’s newest development.

Under the direction of Yankee Network
engineers, there were erected the buildings and
antennas that now comprise John Shepard
3rd’s pioneer broadcasting station, W1XOJ,
using Major Edwin H. Armstrong’s system of
frequency modulation.

A daily schedule of 16 hours of broadcasting
was begun on July 24, 1939, with a power of
2 kw. This was the first station to broadcast
frequency modulated programs on a regular
schedule. During February of 1940 the installa-
tion of equipment with a capacity of 50 kw.
was completed and put in operation.

Since then frequency modulation broad-
casting has been maintained on the same daily
schedule from W1XO0J, with the power of about
80 kw. The efficiency of this station has not
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been fully realized because the transmitting
antenna erected in 1989 atop a 400-foot guyed
pole was destroyed during the unprecedented
ice storm and gales of January 15, 1940. Mean-
while, a temporary antenna has been used, to
provide uninterrupted service.

The former antenna is now being replaced by
a structure of new design and is, at this writing,
practically ready to go into operation. When
the new antenna goes on the air John Shepard
2rd’s W1XO0J in Paxton will be the world’s
most powerful and efficient {-m broadcasting
station. )

W1XO0J, on Mt. Asnebumskit, is adjacent to
Worcester, and is situated 48 air-line miles
from The Yankee Network studios in Boston.
The programs are transmitted to Mt. Asne-
bumskit by means of an f-m radio link. This
departure from the usual practice of using wire
lines facilities for the transmission of programs
from studio to station is done for the simple
reason that f-m does a better job at less ex-

WWWW-americanrtadiohistons-—com.
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PAULA. DEMARS, YANKEE
NETWORK V.P. IN CHARGE
OF ENGINEERING, HAS
HAD A LEADING PART IN
COMMERCIALIZATION OF
F-M, AND HE CONTRIB-
UTED MUCH PRACTICAL
TESTIMONY AT THE FCC

HEARING. IN THE BACK-
GROUND OF THIS PIC-
TURE IS FACSIMILE

EQUIPMENT USED AT
PAXTON

pense. Particularly. there is no loss in audio
quality, as would be the case if ordinary wire
connections were used.

To acquaint the readers of this publication
with this new development of The Yankee
Network the following facts are presented with
respeet to the technical and general considera-
tions.

Relay Transmitter * The relay broadeast
transmitter that carries the programs to
W1XO0J is located atop the studio building in
Boston. It has a capacity of 500 watts output
and operates with an authorized output of 250
watts on a frequency of 133,030 ke. with
call letters WEOD. Manufactured by Radio
Lngineering Laboratories, it employs the Arm-
strong system of frequeney modulation. As-
soctated with the transmitter are audio com-
ponents which transmit the range of frequencics
from 30 to 15,000 cycles per second flat
to within less than 1 db, and with a noise level
more than 70 db down from normal eperating
levels. The overall performance of the f-m

GATEWAY TO FINER ENTERTAINMENT
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link, including the receiver at WIXOJ, is flal
to within 2 db from 30 to 15,000 evcles per
second and with the noise level 65 db down
from 100 per cent modulation. Minor improve-
ments in the transmitter soon to be made will
reduce the overall noise level to better than 70
db down from 100 per cent modulation.

The output of the transmitter is fed to a
directive array by means of a balanced pair of
standard 7¢-in. concentric lines. The array,
illustrated on page 4. consists of + sets of hori-
zontal elements spaced about 34 wavelength in
the vertical plane. Fach elcment of the array
consists of a half wave i-pole with parasitic
director and reflcctor. The currents in the
clements are equal and in phase. The measured
gain from this array is about 10 db, or a power
gain of approximately 10 fold. The elements of
the array are supported by an 80-ft. self-sup-
ported pole.

The relay signals are received at Paxton by
means of un array of V antennas. To insure
directivity and to provide ample voltage at the
receiver inpit  terminals, two V anteunas
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approximately 20 wavelengths long are em-
ployed. spaced about 15 wavelength m the
vertical plane. Each V has associated with it
another V which increases directivity, rein-
forces the received signal, and functions as a
parasitic reflector. The recciving V’s are con-
nected so that their outputs are in phase and
matched to a balanced pair of standard %4-in.
concentric Iimes which transmit the signal to
the recerver located near the modulator units
of the transmitter. The receiving array is about
22 ft. above ground, which is the optimum
height in consideration of the slope of the ter-
rain where the array is situated.

Measurement of the gain of the receiving
array is difficult but is better than 20 db and
insures ample signal at the recciver for satis-
factory operation under all conditions, with a
large margm of safety. It may be stated with-
out qualification that ever a vear’s operation
of this circuit has failed to disclose any appre-
clable impairment in quality of program or the
mtroduction of noise even during the severest
lightning storms encountered.

U'p to the present time. one of the early

IF IT TAKES A 50-Kw.
TRANSMITTER AT PAX-
TON TO PUT A SERVICE
SIGNAL INTO BOSTON,
HOW CAN A 250-W. RELAY
TRANSMITTER IN BOS-
TON GET PERFECT SIG-
NALS UP TO PAXTON?
THE ANSWER 1S THAT
PAXTON USES AN ARRAY
OF V'S FOR HIGH-EFFI-
CIENCY PICK-UP, AS DE-
SCRIBED HERE. THIS PIC-
TURE SHOWS THE TERMI-
NAL MAST OF THE V-
TYPE ARRAY

laboratory model reccivers has been employed
at W1XOJ. This will soon be replaced by a pair
of receivers designed especially for this service
to insure reliability of service and provide
slight improvement in quality.

Transmitter x The site of W1XOJ at Paxton,
Mass., . was entirely undeveloped, and it
was necessary to construct a mile of road and
a transmission line of equal length to bring
power to the station. Adequate water supply
was secured alfter drilling to a depth of 575 f{t.
through solid rock.

The W1XOJ transmitter is a standard No.
321 type, manufactured by Radio Engineering
Laboratories, licensed for the Armstrong sys-
tem of frequency modulation. The transmit-
ting equipment is divided into five units. The
speech input and modulator units are located
in a completely shielded room. The lower level
output of the modulator units is at a frequeney
of one-third of the station operating frequency
and is amplified and tripled in the four-stage
intermediate amplifier equipment.

www americanradiohistorv com
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The intermediate amplifiers are installed
as a unit and deliver 2 kw. of power, sufficient
to drive the final 50-kw. amplifier. The 50-kw.
output amplifier is located in a completely
shielded, sound-proof room. The shielding
reduces stray fields and the sound-proofing 1s
desirable to minimize the noise from the air
blast directed on the grid and filament seals of
the large tubes. A pair of Westinghouse tvpe
AW-200 tubes. used in the final stage. are
capable of power output in excess of 50 kw.
The fourth unit of the cquipment comprises
the high voltage rectificrs and control equip-
ment, and situated at some distance are the
various auxiliary apparatus such as filament
generators. water-cooling and air blast units.

When completed. the new antenna syvstem
will consist of ten so-called “turnstile” hays.
The radiating elements of the turnstile are
mounted on a 100-ft. mast supported on a
fabricated steel structure 150 ft. high. Power
is transmitted from the output stage to the
base of the antenna structure by means of a
balanced pair of concentrie lines. These lines
consist of 4-in. diameter outer conductors and

2-in. diameter inner conductors. At the basc of
the tower, the power is divided into 40 conecen-
trie lines which feed each individual element of
the array. These lines consist of 7g-in. diameter
outer sheath and 34-in. diameter inner conduc-
tor. A coupling house at the base of the struc-
ture shelters the dividing network and phasing
equipment.

It is cstimated that the array will realize
an actual gain in excess of 6 db with reference
to a single hall wave di-pole. Horizontally
polarized emission is determined upon after
weighing all factors that contribute to giving
the listeners the best service.

The overall performance with respect to
quality of WIXOJ’s transmilter is practically
identical with that of the relay transmitter
WEOD. Tests of the complete circuit from
studio to receiver show the audio {requency
range flat to within 2db from 80 to 15,000
eycles, with the carrier noise level about 65
db below 10097, modulation and distortion less
than 2 per cent. As in the case of the relay link.
the carrier noise level will be still further
reduced.

CONTROL DESK AND 50-KW. R.E.L. AMPLIFIER — THE WORLD’S FIRST 50-KW. F-M STATI{ON

WWW.americanradiohistorv.com
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Present plans contemplate continued opera-
tion with a daily schedule of 16 hours from 8
A to midnight. Programs are selected from
Yankee and Celonial Network, NBC Blue
Network and Mutual Broadeasting System.
About four hours a day are live talent pro-
grams, directly from the studio, providing full
f-m fidelity.

We have received a number of interesting
comments about the comparative quality of
the same programs received by a-m and by
f-m from Paxton. Radio dealers, for example,
aware that 1t is not possible to utilize the full
tone quality of our f-m transmitter on network
programs, are surprised to find that these
network programs sound better on - than
a-m. There are two reasons for this. First of
all, the f-m transmitier has a pre-emphasis
amplifier to bring up as much of the highs as
are present. This brings out the individual
characteristies of musical instruments, and im-
proves speech zrticulation. Second, with an
adequate signal to operate the f-m receiver,
the highs sound clean, clear, and crisp, since
there 1s no background noise. Third, there is
not the harmonic distortion in a properly-
designed f-m receiver that occurs in most a-m
sets.

Still, the contrast between network programs
and studio announcements is great. We are
transmitting just as much live-talent studio
program material as possible, so as to give our
listeners the tull entertainment value of the
f-m system.

Another step in John Shepard 8rd’s organiza-
tion of a New England F-M Network which,
in turn, will form a vital link in proposed
nation-wide organization will be the conver-
sion, in the near future. of the present 500-watt
ultra-frequency amplitude Weather Service
Station atop Mt. Washington (WiX0Y) to a

full-fledged f-m transmitter. This station will
serve 1,000,000 listeners in the Northern New
England arca, 750,000 of whom have never
before been within the primary coverage area
of any broadeasting station.

The peak of Mt. Washington, 6,300 f{t.
above sea level, i1s the loftiest on the Atlantic
Seaboard. The station will use the 100-ft.
antenna structure already in place. The pro-
posed operating power of 3,000 watts, at this
great hetght, will be approximately equivalent
to that of a 50,000-watt station at 2,000 ft.
clevation, or to that of a 200,000 watt station
at 1,000 ft. above the surrounding terrain.

I would like to take this opportunity to pay
tribute to those New England dealers who are
giving us their whole-hearted codperation in
building up the f-m audience. It is a tremendous
task, involving enormous expenditures, to put
this system of hroadeast service into operation.
It has required a considerable staff of engi-
ncers, clectricians, and expert mechanies to
nstall, cheek, revise, and test again the various
elements of the installation, from studio miero-
phone to transmitting antenna.

Always bearing in mind that the ultimate
success of the undertaking would be measured
by its service to the listening publie, the work
of perfecting cach detail has heen done with
thoroughness, rather than haste, as a prime
consideration. This has been pioneering work.
because there were no precedents of engineer-
ing expericnce established by others. While
this has been going on, we have had to depend
largely upon radio dealers and servicemen to
interpret to the listeners the significance of our
cfforts.

Now, as the new antenna is being completed,
we are making ready to give listeners within
range of Paxton the finest home entertainment
that is available anvwhere in the world.

The Manufacturers Say:

(CONTINUED FROM PAGE 33)

transmitter. If two FM  stations should
happen to transmit on the same frequency into
the same area, there will be no interference as
sometimes happens with present type stations
feeding into overlapping areas. A frequency
modulation recciver will simply pick up the
stronger station and reject the weaker one.
Yet at the present time there are in the
country little more than a dozen broadeasting
stations giving regular programs of frequency
modulation. In spite of the great interest
among broadeasters, it 1s not likely that I'M
stations will actually be operating before the
end of the yvear in many localities other than
those in which experimental programs are now
being carried on. Under these circumstances it

is impossible to forecast the number of receivers
that will be sold. The actual popularity of these
models will depend largely upon the sineerity
with which all radio manufacturers who enter
FM will devote their energies to making it «
quality produet that will justify the interest of
the public.

Wanted: Tall Buildings for F-M Antennas

NBC’s new f-m  transmitter, W2XWG,
makes its home atop the Empire State Build-
ing m New York. W2XOR, the f-m outlet of
WOR, is some 6350 feet above street level,
while CBS 1s expected to establish an f-m
station in the pinnacle of the Chrysler Build-
ing. Other groups secking f-m licenses will
stud the skies with these new antennas wher-
ever tall buildings or accessible mountain-
tops are found.
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Chapter1: The Background and Goncepts of Frequency Modulation
BY GLENN H. BROWNING

Koiror's Nore: This is the first of a series of articles
by Glenn H. Browning. wn which he will present both
the elementary and adrvanced theory of frequency modu-
lation transmission and reception. Thus, these articles
will carry the servicemen and cxperimenters as fur as
they care to go into f-m theory, and they will meet the
requirements of adwvanced students. Subsequently, this
material will be published in book form, under the tatle:
FM Handbool:.

As a clear physical concepl s essential, the first
chapter explains the hasie prineiples in terms familiar
to all.

HE latter part of 1939 ushered 1 a new era

in the transmission of radio signals. This new
method, known as frequency modulation. was
immvented and developed by radio’s most enter-
prising pioneer, Major Edwin H. Armsirong.
Once again he has given the radio art a new
forward impetus. which bids fair to be revolu-
tionary in its effect. Frequency modulation is
outstanding, because of the following charac-
teristics: The reception is essenlially noise-
free; the fidelity of reproditetion can be made
perfect; the dynamic range is such that the
original program is literallv brought into the
listener’s home; and at the same time inter-
ference between statious can be eliminated
entirely.

Ever since the earliest days of radio, mler-
ference caused by atmospherie static and man-
made noise has been the oulstanding problem
confronting the radio field. In many cases, it is
this mlerference that limits the consistent
lransmission of intelligence. There are prob-
ably few radio engineers of an inventive na-
ture, who have not al some time during their
carcer attacked this problem. Major Arm-
strong started a concerted effort some ten
veurs ago to solve this outstanding problem.
After tryving various methods of attack, he and
his associates had practically decided there was
no solution. However, the idea occurred that if
the present system of radio transmission could
not be made noise-free, the desired result
might be obtained by changing the method of
transmission and reeeption.

There are at least two methods of modulat-
ing a carrier so Lhat intelligence could readily
be transmritted: amplitude modulation and
frequency modulation. In the former method.
the carrier-frequency amplitude is varied while
the carrier frequeney remains fixed. In the
latter method the carrier frequency is varied
while its amplitude remains fixed. Frequeney
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modulation had been known for vears, but no
one had scen in it any advantage over the
existing method. In fact, varving the frequency
of tle transmitted carrier would take up a con-
siderably greater band of frequencies in the
ether than amplitude modulated signals.

It remained for the Major to recognize that
frequency modulation had the potentialities of
eliminating radio interference, and to invent
a commereially practical method of accom-
plishing frequency modulation. As is the case
with all radically new inventions, there were
more skeptics than converts in the beginning.

However, the new system talked for itself
so successfully, even through thunder storms
and man-made interference, that evervone
who heard and compared its merits with the
older system had to admit that the radio noise
problem was solved. Through Major Arm-
strong’s persistence, this type of transmission
has emerged from the laboratory stage in per-
feeted form, and it 1s safe to say it will go down
in history as a major invention.

Pioneering regular broadeast service wilh
frequency modutation is the development of
the Yankee Network in New England, where
Jolin Shepard, 8rd. president of the Yankee
Network, built at Paxton, Mass., a 50.000-
watt frequency modulation transmitter, oper-
ating on a frequency of 43 me. This station
W1XOJ, was the first commercial station to be
built outside of Major Armstrong’s own (raus-
mitter, W2XMN at Alpine, N. J.

In order to have high fidelity program mate-
rial available at the Paxton station, a high
frequency modulated relay station was erected
at the Boston studios, with a beam an-
tenna system directed towards Paxton. All
programs broadeast from Paxton are received
over this relay stalion some 43 miles distant.
without the use of telephone lines. The Yankee
Nelwork’s pioneering of frequeney modulation,
under the able direction of Paul A. deMars,
chief engineer. demonstrated conclusively to
the world what could be accomplished by
Major Armstrong’s system., and laid the ground
work for the general use of high frequency, fre-
queney modulation broadeasting.

Difference Between F-M and A-M x 1o ob-
tain a concept of the difference between ampli-
tude and frequency modulation, let us refer to
Figs. 1, 2, 3, and 4. In Fig. 1, oue of the sim-
plest vacuum tube oscillator eircuits i1s shown
with a carbon type microphone in series with
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the tuned ciremit L; and C,. If no sound is im-
pressed on the microphone, an alternating cur-
rent will be set up in the L;-C, circuit and the
amplitude of this alternating current will be
constant. The frequency of the current will
depend upon the values of the inductance of the
coil L, and the capacitance of the condenser

As s well known, a carbon microphone has
the property of changing its internal resistance
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Fig 1
FIG. 1. ELEMENTARY A-M TRANSMITTER

CIRCUIT

as sotind strikes the diaphragm, for the earbon
grannles are compressed when the diaphragm
moves toward the cavity and the resistance of
the microphone is reduced. On the other hand,
when the diaphragm moves out, the carbon
granuals make poorer contact as the pressure
is reduced, and the resistance of the micro-
phone is inereased. When this tvpe of micro-
phone is placed in series with a tuned circuit
and its resistunce changed by air waves strik-
ing the (]ldp]lldgll] the lll;.,h frequency alter-
nating current is in turn inereased or decreased
as the ecircuil resistance is changed, thus
producing the carrier amplitude variations
shown in Fig. 2

It should be noted that the sound striking
the microphone in the case just deseribed docs
not appreciably change the inductance or
capacitance of the tuned cirenit and thus the
carrier or fundamental frequency of the cireuit
remailns constant. It should also be noted that
the amount the carrier amplitude is changed
or modulated is directly dependent upon the
resistance of the microphone. If this resistance
is sufficiently high, the tuned eirevit would not
oscillate, and il the resistance is made very
small, the oscillztory current is large. Thus the
amplitude modulation of the carrier is con-
trolled by the intensily of the air waves which
strike the diaphragmm.

A good physical picture of frequency modn-
lation can be abtained from Fig. 3 where a

similar oscillator circuit is shown with the
inductance L, and the capacitance C,. Instead
of a carbon type microphone placed in series
with the cireuit, a condenser-type microphone
is placed directly across the tuned eircuit. It is
assumed that this condenser type microphone
does not ehange its resistance appreciably as
the diaphragm moves. Therefore, as the re-
sistance in the tuned eircuit does not change
appreciably, the amplitude of the alternating
current set up in this cireuit is substantially
constant.

However, as the frequencey of the current in
the tuned eircuit depends upon the eapacitance
and inductance, changing either varies the
frequency. The condenser tvpe microphone, as
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FIG. 2. CARRIER CURRENT AMPLITUDE
VARIATIONS

its maume hmplies, consists essentially of one
rigid plate and a readily movable diaphragm
insulated from cach other. As air waves strike
this diaphragm, the capacitance of the micro-
phone changes and this in turn changes the
total capacitance of the tuned circuit, resulting
in a frequeney change. It will be noted that the
louder the sound, the more the deflection of
the diaphragm and, consequently, the greater
1s Lhe frequency variation.

The rate (audio frequency) with which the
sound strikes the diaphragim will determine
how rapidly the frequency changes. This is
shown in Fig. 4. The circuits nsed to illustrate
a-m (amplitude modulation) and f-m (fre-
quency modulation) are not feasible in actual
practice bnt give an accurale physical picture
of the actions which oceur.

Thus there are the following hundamental
differences hetween amplitude and frequency
modulation: In amplitude modulation, the
louder the sound striking the microphone, the
greater the change in anplitude of the carrier
frequencey. The rapidity (audio frequency) of
the sound striking the diaphragm results in the
carrier amplitude changing at a faster or
slower rate,

In frequency

modulation, the action is
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different. The louder the sound striking the
diaphragm, the greater the frequeney deviation
of the carrier. How rapidly the frequency devi-
ates 15 dependent upon the rapidity of the
sound waves striking the microphone. In fre-
quency modulation, the amplitude of the
carrier remains fixed at all times. These funda-
mental concepts of the two methods of modu-
lation will be brought out more in detail as this
study of f-m progresses.

Why F-M Eliminates Static * 1o appreciate

the fundamental soundness of reducing or

1
TO———Eﬂn
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3

FIG. 3. ELEMENTARY F-M TRANSMITTER
CIRCUIT

climinating noise by means of {-1n transmission,
let us examine the fundamental concepts of
radio interference. Static and man-made inter-
fercnce resulting from lightning or cleetrical
disturbunces ol any type set up what might be
termed a series of random pulses in the ether.
These pulses are picked up by the receiving
antenna and, due to the tuned eircuit in the
receiver, actually generate alternating cur-
rents, the frequency of which is the same as
that to which the resonant cireuits are tuned.
These pulses are thus fed through the re-
ceiver, resulting in noise emanating from the
speaker. If, at the same time, a strong signal is
heing received, the additional signal due to the
pulse will not be as noticeable because this
amplitude change may be limited by the tubes
in the receiver itself. This explains the fact
that static may not be heard if the radio sig-
nals are very strong. This is the principle on
which limiter eircuits for redueing noise operate.

A mechanical example of tuned circuit oper-
ation may help in clarifying the action just
desceribed. Assume a weight 1s attached to a
spring. The weight may be likened to the in-
ductance of the tuned circuit, the spring may
be likened to the eapacitance of the tuned cir-
cuit, while the motion of the weight may be
likened to the alternating current flowing in
the tuned circuit hoth as regards amplitude
and frequency.

An incoming signal sets the tuned circuit
oscillating much the same as a rhythmical
tapping on the weighted spring system would
do. If thisrhythmictapping is not at the correct
frequency very little motion of the weight will
result, but if the weight and spring are reso-
nant to the frequency of tapping, a large
amount of motion will be built up fromn a very
small amount of energy expended. This latter
condition corresponds to having the eircuits
tuned to the imcoming frequency.

Noise and interference may be likened to a
single blow on the weight, which naturally will
set 11 in motion, the frequency of motion de-
pending upon the mass of the weight and the
clasticity of the spring. Thus mterference is sel
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FIG. 4. FREQUENCY MODULATION OF CONSTANT
AMPLITUDE

up in the tuned antenna system of a receiver
and is passed along through the recciver to the
loud speaker. In a-m, the voice frequencies
cause changes in amplitude. If the amplitude is
not allowed to change, no audio signal will
result.

Suclt is not the ease with f-m, for amplitude
changes are not emploved to transmit in-
telligible audio signals. Thus, in the foregoing
illustration of a mechanical system, bumpers
could be placed on either side of the weight
allowing it only a definite amount of motion.
When a signal is tuned in, the weight swings
between these two bumpers striking cach in
turn and any interference which would cause
more motion of the weight is entirely climi-
nated by means of the bumpers. However, in
the case of frequeney modulation, the rate of
swing is variable, and this variable frequeney
is translated into audio frequencies at the radio
receiver.

Thus an analysis of the fundamental differ-
ences between the two systems show that f-m
allows the design of the receiver to incorporate
an effective hmiter circuit, whereby interfer-
ence is prevented from causing amplitude
changes.



Advantages Afforded by F-M * The increas-
ingly wide-spread use of f-m for broadcast
transmission is due to a number of special ad-
vantages which are inherent in this system.
The most important of these are summed up as
follows:

1. Static * Noise free reception can be ob-
tained where the signal strength is sufficient to
operate the limiter cireuit of the receiver. For a
high-gain  receiver, this condition prevails
when the signal strength at the receiving an-
tenna is 10 to 30 microvolts, depending upon
the local noise. It should be understood. how-
ever, that if suflicient signal strength is not
availuble to operate the limiter, absolute noise
suppression may not he obtained.

The types of noise suppressed are not only
atmospheric static, ignition noise, electrical
appliance interferenee such as razors, motors,
and o1l burners, but also tube noise in the
receiver itself. YWhile on the subject of inter-
ference, it should be pointed out that dia-
thermy apparatus develops a ew signal on a
definite carrier frequency, and if this signal is
on the same frequency and is more intense at
the receiver than the f-m signals. the diathermy
apparatus may cause trouble. The approxi-
mate frequencies at which this equipment op-
erates are 13, 28, and 39 me. It will be noted
that the last frequeney differs by only 3 me.
from the low end of the frequency modulation
band. so that there is some possibitity of inter-
ference. Plans to require the suppression of
radiation from such cquipment are being con-

sidered by the FCC.
2. Tone Quallw * The quality of frequeney

modulation signals is superior to that of
amplitude modalation. To check the theoreti-
cal considerations, listening tests have heen
conducted, using the same audio frequency
range for high-fidelity a-m and f-m trans-
mitters. The a-m and f-m receivers had as
nearly identical audio svstems as possible,
Switching from one to the other. listeners ob-
served a difference definitely in favor of the
programs transmitted by frequency modula-
tion. If there were not some inherent advantage
in f-m, the quality of the two methods should
have been very nearly identical.

One explanation for the results of these
listening tests is that some harmonic distortion
occurs m a-m transmission. especially at the
higher frequeneies. In the case of -m trans-
nussion, the problem of harmonice distortion is
not present. and as a consequence, higher
fidelity 1s possible.

Under conditions of average home recep-
tion, f-m tone quality shows a marked im-
provement over a-m. One reason for this is
that. since the noise produced by interference
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U1 a-m receivers is in the upper register, it is
necessary to cut down the response to the
higher audio frequencies in order to get rid of
the noise. By so doing, the clear articulation of
speech 1s destroyved, and the harmonies and
overtones which give the different mstruments
their individual characteristics are lost. Thus,
a-m receptlion, lacking highs, is incapable of
the true reproduction of the original programs.
That is why men’s voices are muffled and in-
distinet. women's voices are unnaturally harsh,
and music has a completely false bass empha-
sis, totally different from what is heard by
studio audiences.

Of course. the use of land line networks for
the distribution of programs and the limita-
tions imposed by the 10,000-¢cvele separation
between stations makes it impossible for a-m
transmitters to make use of the audio range up
to 15.000 cveles, anyway. In practice. good
a-m receivers make very little use of frequen-
cies above 3.500 eycles.

Since f-m transmitters, except on network
programs, utilize the full audio range up to
15,000 cycles, and correetly designed f-m
receivers, actuated by adequate signals, re-
produce the full range without background
mterference, this system can deliver to the
listener’s home the exact sounds of the original
speech and musie.

3. Dyna mic Range * Another reason f-m gives
the illusion of hearing the original programs is
that the full dvnamic range ean be employed.
That is, the loud and soft passages are heard in
their true variations of volume — somethiug
that 1s impossible with the a-m system.

When programs are transmitted by a-m, a
monitor operator at the studio operates the
controls of individual microphone amplifiers to
bring up the output from soft passages, and to
cut down the output during loud passages.
Consequently, at the a-m receiver, low-volume
parts of a program are much louder, and high-
volume parts are much softer. than they are
origimally at the studio. Such alterations are
required for. otherwise, the power output
would be too low. on the one hand, to cover the
normal transmitting range, and so high, on the
other hand. that the transmitting tubes would
be overloaded.

This effect is not present on f-m trausmis-
sion, since the output is constant regardless of
the signal level, The changes due to variations
in volume i an f-m transmitter are only in the
deviation of the frequency. With an available
range i frequency deviation up to 75 ke. cach
side of the carrier frequency, the ratio of soft to
lond passages heard at the loudspeaker is
exactly the same as in the onginal studio pro-
gram. This is an important contributing factor
to the realism of f-m reception.
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4. Inter-Station Interference * Exhaustive
tests have been made concerning the claim
that there is little interference between sta-
tions in the case of fregueney modulation,
When two stations are operating on identieal
frequencies and when the signal strength at the
receiver has a ratio of more than two 1o one,
tlie stronger signal will be received with very
little interference from the weaker signal. This
claim has been well substantiated by tests such
as the foliowing: Two frequency modulation
transmitters of the same power were operated
on identical frequencies. The receiver was
positioned at different locations between the
two transmitters. When the receiver was about
midway between the two stations. sometimes
one program would be received and sometimes
hoth programs would be heard. However, as
the receiver approached either transnutter.
this interference disappeared, and the signal
from the transmitter having the greater field
strength was received with good quality. It
should be pointed out that when there is inter-
ference between two frequency modulation
stations, this interference takes the form of
hearing the signal from both stations at the
same time. There are no heterodyne whistles
due to a very weak station i the case of fre-
quency modulation.

This fealure of f-m makes it possible for
each communily to be served with numerous
transmitlers, which will not interfere in anv
way with f-m transmitters located in other
communities. This in turn allows better and
more consistent coverage 1o be oblained and a
much higher degree of program enjoyment.

5. Fading * There appears to be very little
fading on frequency modulation transinis-
sions. Of course, a material amount of fading is
taken care of in the limiter circuit as the audio
vollage remains constant through the wide
variations in signal strength. However, during
the recent magnelic storm particular attention
was paid to strength, quality, etc., of f-m sig-
nals from W1XOJ, located some 0 miles dis-

tance from the receiver. No noticeable drop in
signal strength could be observed nor wax
there any noticeable change in the fidelity of
the received signals. Interference of all types
was absent. The signal strength during day
and night transmissions has also been care-
flly ohserved. These show that substantially
the same signal 1s developed throughout the 24
hours which is very different from amplitude
modnlation stations where the transmission
range varies materiallv. This is undoubtedly
dite to the frequency of f-m transmissions as
well as the method.

Review Questions * Having read the above,
can vou answer the following questions:

1. In a-m. how does the sound intensity
striking the microphone affect the amplitude
of the carrier?

2. In a-m, does the audio frequeney modnla-
tion vary the carrier frequency?

3. How does the sound intensity striking the
microphone affect carrier in the case ol f-in?

4. How does the audio frequency modnla-
tion affeet the amplitude of the carrier in the
case of {-m?

5. Assume the modulating audio frequencies
have exactly the same amplitude. Does the
total frequency swing of the [-m transmitter
vary under audio IllO(illldthll as the modu-
lating andio

6. In a 1
does changi
the carrier?

(a) Wh
as nalural s
sources of n

8. What |
on the tune

9. Why i
interference

10. Why
eliminate t!
type of trai

1. Wha
of the f-m :

New Mike Technigue for F-M

Literally and figuratively, f-m broadeasting
will permit of no stuifed shirts. So savs Ii. E.
(Ted) Hill, director of WI'AG, Worcester, and
ol its pioncer f-m outlet, WIXTG, on the
basis of expericnee already 'had with the micro-
phone technique of I-m broadcasting.

Announcers and artists should not wear
formal evening clothes when they face the
supersensitive f-m mike, said Mr. Hill, because
the crinkle of the soup-and-fish shirt front
will be picked up. Nor ean announcers he
stufted-shirt in delivery; f-m demands they be

natural ane

tion are tal
“Annout

methods a

says. In

about a fo

in f-m the

cight feet.

one were talkinyg

SIxX |nch(s from the Ilsteners ear. There will

be no ‘crawling’ into the mike, and f-ni is so

sensitive that announcers must be doubly

carcful of dietion and cnunciation.”

A SUBSCRIPTION T0 FM MAGAZINE
WILL PROVIDE YOU
WITH THE ONLY SOURCE OF
COMPLETE AND AUTHORITATIVE
INFORMATION ON
FREQUENCY MODULATION

DIvra -



May We Suggest to the

F-M BROADGASTERS:

Since broadcasting became a business of selling time, radio stations and sponsors,
competing for public attention, have spent increasing amounts to raise the
quality of aural entertainment directed into studio microphones, and to deliver
1t intact to home radio antennas. This they are continuing to do.

During the last few years, however, heedless of these efforts, and mindful only
of intra-industry matters, most radio sct manufacturers have bent their efforts
toward increasing the sale of receivers priced so low as to sacrifice the improved
quality of entertainment which is being put on the air.

This is now true to such a degree that, to take a specific example, if the American
Tobacco Company cut down the expense of the Lucky Strike orchestra by 409,
75% of the listeners would hardly notice any difference in what they heard from
their loudspeakers.

Yet everyone agrees that the stations and sponsors must continue their policy
of secking to raise still further the standards of program excellence.

Into this paradoxical situation, you have now injected a new development:
frequency modulation broadcasting. This system is a challenge to your program
zmg technical departments and to your sponsors to seek further advances in the
creation of home entertainment. Now, through the medium of f-m, your listeners
can hear your programs as accurately and completely, and without the interfer-
ence of exiraneous noises, as if they were sitting in your studios.

Yes, f-m can do that for thein. But will the manufacturers sell f-m sets capable
of such performance? Already, one of the largest producers has announced in a
press release: “'Our engineers are now busy shrinking the differential (in price)
between sets that have f-m and those that do not.”” The inevitable result of such
an engineering policy will be to shrink the differential in completeness and
accuracy of reproduction between f-m reception and that of the average standard
broadcast receiver sold today.

If continuous tmprovement of programs and transmitting facilities is sound
policy, then every effort must be made to use f-m as a means of raising the stand-
ards of program reproduction in American homes. Everyone concerned will
benefit if this is done.

Unquestionably, the set manufacturers should take the initiative in promoting
the sale of recetvers that will do justice to the possibilities of f-m. Actually, if left
to their own devices, they will concentrate their efforts on shrinking the differ-
ential — of quality as well as price.

MAY WE SUGGEST to f-m broadcasters that you set aside some of your sus-
taining time on your a-m transmitters to tell the public what you and your spon-
sors are doing to make finer entertainment available — and how your listeners
can go about shrinking the differential between what is heard by studio audi-
ences, and what is emitted from the speakers of average, present-day receivers.
You have made the public radio-conscious. Now it is time to make them tone-
conscious!

The First of a Series of Discussions GConeerning the Mutual Problems
of the F-M Broadcasters, Set Manufacturers and Radio Dealers

RUMFORD PRESS
CONCORD. N. H.



Symbol of Progress

PILOT raDIO’s leadership in being first with scientific improvements is not merely a
matter of maintaining a long-standing reputation. It is an established policy to
enable Pilot dealers to reach the Extra-Profit market — the people who demand high
quality and fine performance.

As one of the first Armstrong frequency modulation licensees, Pilot has perfected and
now offers to progressive dealers three magnificent new models which combine f-m
and a-m reception: a table model at $139.50, a console at $179.50, and an automatic
phonograph combination at $299.50.

Provided with every engineering advancement, the performance of these instruments
is so far superior to conventional a-m radios as to amply justify their cost.

They are meeting with the most enthusiastic public reception for three reasons: (1)
because, on a-m reception, the special Pilot Three Dimension circuits far out-perform
standard broadcast receivers (2) because, on f-m reception, they provide all the ad-
vantages of Major Armstrong's revolutionary invention and (3) they assure the pur-
chaser of reception of ALL programs on the air now, and in the future.

Progressive dealers who are planning for higher profits this season are invited to
write for complete information on the Pilot Protective Franchise and the 1941 line of
Pilot f-m, a-m and all-wave receivers. Address:

o *
“The Standard P‘ ‘o of Excellence”

RADIO

PILOT RADIO CORPORATION = Long Island City, New York



