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V-EDAY SIGNALS THE EXPANSION OF RADIO SERVICES

This space represents the number of channels which the
FCC considered adequate for FM broadcasting in 1937,
In 1940, recognizing the superior public service
afforded by FM broadcasting, the FCC increased
the bandto 40 channels,represented by this space.

e | 0 oo e
' . FM- BROADCASTING

Now, the FCC proposes to increase the FM broadcast band to 90 channels, represented
by the solid black space above, and to reserve 60 channels, represented by the shaded

spaces, for further expansion of FM broadcasting in accordance with future needs.

100 feet — '-]

| ADDED POSTWAR FREQUENCIES |

This Jistance of 100 ft. represcents the band of frequencies from 25 to 30,000 mc. which the FCC is making
available principally for television and for services which will employ FM. These include broadcast-

ing, facsimile, police, railroad, and other communication services, and cross-country relay systems,

PREWAR FREQUENCIES

If the distance of 100 fi. represents the new frequencies, then 1 in. represents the old band
of AM frequencies from .01 to 25 mc. which, before Pearl Harbor, accommodated all the
broadcast and communications services. This comparison indicates the expansion upon
which the radio industry is launched now that Victery in Europe is an accomplished fact.
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"DUNVMIONT TELEVISION 1S

You will agree that these diminutive stars, while
rarely at loss for correct answers, are scldom
available when prospective operators of postwar
Television stations have questions to ask Fortu-
nately, DuMont Tclevision “know how™ can be
tapped as nceded .. ocost and engincering data
on cvery phase of station design. construction
and opcration .. the accumulated knowledge
gained through more than - years™ station man-
agement and production of programs.

The low operating cost, extreme flexibility and

rugged dependability of DuMont Television

* Appcaring Sunday evenings on the Blue Network.

COSMIC LEGERDEMAIN"

transmitiing equipment arc being convincingly
demonsirated week-tn and weck-out in 3
DuMont-cquipped stations. New  postwar de-
signs emoody all wartime advances. You can
arrange 2o for carly peacetime delivery of sta-
tion cquipment and traming of personnel through
the Dudfont Equipment Reservation Plan. Visit
DudMont’'s Station WABD, Ncw York. Call,
write or telegraph for appointment . . . Station
Equipment Sales Division, Alfen B. DuMont
Laboratorics, Inc., 515 Madison Avcenue, New
York 22, N. Y.

Copyright 1945, Allen B. DuMcent Laboratories, Inc,

ALLEN B. DUMONT LABORATORIES, INC.. GENERAL OFFICLS ¥ MAIN AVE., PASSAIC, N. J.
TELEVISION STUICS AND STATION WABD, 515 MADISON AVENUE, NEW YORK 2, N. Y.



NATIONAL RECEIVERS ARE THE EARS OF THE FLEET

.....
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OFFICIAL U. S. NAVY PHOTOGRAPH

NATIONAL COMPANY
W/ /@MASS, U. s. A.

NATIONAL RECEIVERS ARE I'N SERYICE THROUGHOUT WORLD
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VACUUM ELECTRONIC COMPONENTS

"WALNUT” CAPACITORS

REVOLUTIONARY IN DESIGN, SIZE, WEIGHT

PATENT APPLIED FOR.— PHOTOGRAPH SHOWS SIZE OF JENNINGS "WALNUT” CAPACITOR IN RELATION TO HAND

The latest and most highly successful electronic component is the
Jennings “Walnut” size Capacitor, now in full production.

WALNUT VC, SERIES M — AMPERE SERIES 20

CHARACTERISTICS

Capacity Range 6-50 mmfd. Maximum Current 20 Amperes Peak
Maximum Voltage 30KV Peak Specially designed for high frequency operation
Self-healing in case of overload

We can now accept orders for carly delivery of this greatly improved, compact, plug-in type capacitor.
WRITE FOR BULLETIN FM

JENNINGS RADIO MANUFACTURING COMPANY + 1098 E WILLIAM ST. « SAN JOSE 12, CALIFORNIA
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FORMERLY: FM RADIO-ELECTRONICS

acription in the U, S. A, £3.00; foreign SL.(N). Subwseriptions should be sent to FM
Conmpany, 511 Fifth Avenue, New York 17, N. Y.

Contributions will be neither acknowledged nor returned un!ens a(‘('ompau'ird by
adequate postage, packing, and dicections, nor will I'M Magazine be responsible for
their safe handling in its office or in transit. Payments are made upon acceptance of
final manuseripta,
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F ANVISION Upr 1o the end of World War 1.
A “LE frequencies of .01 10 5 me. were

na being used. In the 23 veurs fol-

: - lowing, up to the time of Pearl
Harbor, commercial use was ex-
19371 tended 10 25 me. ‘These were for
AN serviees. [f the spectrum
1940 =t = width up to 25 mc. is represented
by 1 in., then the new extension

I“sm of the spectrum, up to 30,000 me.,
s = must be represented by 100 ft., as
our cover shows. A considerable
part of the new specteunm will be |
used for television, but the major
part will be assigned 10 FM gerv-
ices, which include broadeasting,
facsimile, communications, and
relay systems. The extent of in-
dustry expansion resulting from
M and television development
will be 50 enormous that it cannot
be predicted or even realized at

this time.
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V EDAY SIGNALS THE EXPANSION OF RADIO SERVICES

{ 560 POSTWAR FREQUENCIE

PREWAR FREQUENCIE
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TRADE MARK REG

QUALITY
CONTROL

The
Electrical

On production lines at every major
step in manufacture, Chicago Trans-
formers are checked on modern testing
equipment to laboratory —controlled
standards. Repeated testing for all
important electrical characteristics pro-
vides an accurate control of quality
—makes certain that every finished
Chicago Tronsformer delivers the exact

performance for which it was designed.

DIVISION OF ESSEX WIRE CORPORATION

3501

WEST ADDISON STREET
CHICAGO, I8

1. ArtErR V-E Day
2. A MaTTER OF OPINION

3. TELEVISION—A
CORRECTION

1 Mr. and Mrs. Average Citizen will
1 never know that it was chiefly our
democratic, competitive system of broad-
casting, together with our liberal provi-
sions for encouraging amateur communi-
cations, that readied the radio industry of
this Country, long before Pearl Harbor,
to meet the demands put upon it by the
war. Without that preparation, research
and production never could have supplied
the communications and radar equipment
necessary to the enormous task of military
codrdination which made possible the
Allied victory in Europe.

Now the industry will be exposed to
sacrifice at the altar of social ideologies, to
bureaucratic mismanagement of recon-
version, and to selfish policies of influen-
tial corporations. Irreparable harm can be
done to an industry whose peaceful serv-
ice to public interest, convenience, and
necessity should again make an important
contribution to maintaining this Coun-
try’s potential military strength, by which
future aggression may be effectively
discouraged.

The protection of the radio industry
against adverse influences from without
and within may prove to be the greatest
of the FCC’s many grave responsibilities.

Here is a very interesting letter from
1 the General Manager of a CBS affili-
ate in Missoula, Montana:

Dear Mr. Sleeper,

From articles in the various trade pa-
pers, it seems that television programs of
not more than from two to six hours per
day will be feasible, depending upon the
size of the community and the cost of pro-
ducing these programs. Now why not
combine the allotted frequencies of FM
and television and permit the television
applicant to broadcast audio FM on his
television frequency, thus permitting full
24-hour use of each frequency if the need
requires it? Television receivers can be
built to operate their FM sections only,
like present-day radio scts, over which
announcements can be made concerning
special television broadcasts during the
day.

(CONTINUED ON PAGE 75)
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SYLVANIA NEWS

ELECTRONIC EQUIPMENT EDITION

MAY Published by SYLVANIA ELECTRIC PRODUCTS INC.. Emporium, Pa. 1945

SYLVANIA’'S CHART AIDS Double ']:riode Tube
STANDARDIZATION OF TUBES | Has Two Uses

Reference List Recommendations Acts As Converter

" Reduce Radio Tube Types Or Amplifier

\b an aid to the standardization of | radio industry, particularly among radio Sylvania’s new high mutual conductance

radio receiver tube types. Sylvania | servicemen since they are in an active double triode tube—Type 7F8—is de-
has prepared the chart reproduced below | position when it comes to tube replace- e an gefoe :
another item in Sylvania’s long-time | ment and general radio set repairing. (,Irb.';(()z)l ‘:;)(: v f:ri(ihlltml(s up o 500
program of technical assistance to the (An indication of their opinion con- ST ’
radio industry, I cerning tube types was revealed in Svl-
The number and variety of tube types

vania’s survey in which 90.5% of the '

have grown in recent years, and this | servicemen questioned said they would

trend has intensified war scarcities. ‘ prefer fewer and simpler tube types.)
Naturally. it would seem to be advan- ’ This handy reference chart will help

tageous to radio set manufacturers to | smooth some of the wrinkles of the prob-
' lem and act as a future guide. Write for
limit their variety. This would probably | it 10 Sylvania Electrie Products Inec..

meet with approval in many parts of the | 500 Fifth Ave., New York 18. N. Y.

further standardize tube selection and

With precautions the two sections may
be used separately. saving space and the
number of tubes required for a given
performance since all the elements ex-
cept the heaters are independent.

The cascade operation thus made pos-
~ible is useful in u-h-f grounded grid and

cathode follower amplifier serviee, Ttimay
al~o be used as a push-pull u-h-famplifier.

SYLVANIAW ELECTRIC

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, ACCESSORIES; INCANDESCENT LAMPS

May 1945 — formerly FM Ravio-Evecrrosices 5
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THE engineer isn’t visible in the
sketch —but he’s there, behind
every step in building Ankoseal
cable! For, more and more, cables
are engineered @nd manufactured
to do particular jobs—especially
here at The Ansonia Electrical
Company!

Because of the many unusual cable
demands of the Army and Navy
which we have met, we are able to
satisfy equally difficult require-
ments of other government agencies
...or of private concerns engaged
in war work. Once we know what
the function of the cable is to be,
we take over—and from there to
the finished product, in engineer-
ing and manufacturing, our organi-
zation works to deliver the form
and type of Ankoseal cable best
suited to that job.

That we stand ready to meet such
requirements is indicated by our
output record...made possible by
“Yankee ingenuity” in manufac-
turing, implemented by emphasis
on continuing laboratory research.
These same facilities, this same abil-
ity, are offered to you.

So—if you have a cable problem
—think of Ankoseal—and The
AnsoniaElectrical Company. We'll
be glad to hear from you!

Why ANKOSEAL
solves cable problems

Ankoseal, a thermoplastic insu-
lation, can help solve many elec-
trical engineering problems,
now and in the future. Polyvinyl
Ankoseal possesses notable
flame-retarding and oil resisting
characteristics; is highly resist-
ant to acids, alkalies, sunlight,
moisture, and most solvents.
Polyethylene Ankoseal is out-
standing for its low dielectric
loss in high-frequency transmis-
sion. Both have many uses, par-
ticularly in the radio and audio
fields. Ankoseal cables are the
result of extensive laboratory re-
search at Ansonia—the same
laboratories apply engineering
technique in the solution of
cable problems of all types.

THE ANSONIA ELECTRICAL COMPANY

Specializing in “'Ankoseal” a Thermoplastic Insulation <
ANSONIA ¢ CONNECTICUT

A Wholly-Owned Subsidiary of

NOMA ELECTRIC CORPORATION

GENERAL OFFICES « NEW YORK, N. Y.

—In peacetime makers of the famous Noma Lights—the greatest name in decorative
lighting. Now, manufacturers of fixed mica dielectric capacitors and other radio, radar

and electronic equipment.
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CLARE Custom-Built” RE LAYS

TYPE ""C'"" RELAY WITH
PLUG-IN MOUNTING

400 BHMS.
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Meet Exact Requirements of Control
Stations, Amplifiers and Transmitters

Engineers concerned with the design of radio and television equipment find
in Clare *Custom-Built” Relays an ideal component for master control sta-
tions, amplifiers and transmitters.

This is true because only by the Clare *“custom-building” principle is it
. y oyl ; ; g principe
possible to secure a relay definitely designed to give the utmost service on

the specific application at hand.

The only thing standard about Clare Relays is the general type, the quality of
the materials, and the precise workmanship that go into them. Contacts. con-
tact forms, coils and adjustment may be changed to meet new requirements.

Clare “custom-building.” for instance, permits choice of a wide range of
contact ratings . . . five different contact forms or any combination of them
... either flat or hemispherical contacts which may be of rare metals or spe-
cial alloys . .. coil windings to match the circuit and application.

Clare Relays are built for applications where precise performance, long
life and dependability are prime requisites. Their construction permiits the
most reliable operation under severe conditions of temperature, humidity,
atmospheric pressure and vibration.

Submit your relay problem to our engineers. We will be glad to “custom-
build” a relay to your specifications. Send for the Clare catalog
and data book. Address: C. P. Clare & Co., 4719 West Sunnyside
Avenue, Chicago 30, lllinois. Sales engineers in principal cities.
Cable address: CLARELAY.

CLARE RELAYS

“CUSTOM-BUILT" Multiple Contact Relays for Electrical, Electronic and Industrial Use

< 14
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Anthony Acquaviva: The first business loan
granted in Pennsylvania under the G.I.
Bill of Rights went to Anthony Acqua-
viva, who will set up a radio store in
Philadelphia to handle the Bendix Radio
line.

Zenith: New distributors have been ap-
pointed in Virginia and North Carolina.
Radio Supply Company, Norfolk, oper-
ated by partners Hiram B. Bennett and
William D. Jenkins. will handle Zenith in
Virginia and a few North Carolina coun-
ties. Roland B. Nash and Russell E. Steele,
owners of Nash-Steele Motor Company,
Raleigh, will distribute the line in North
Carolina.

Major Henry W. Burwell: Hallicrafters’ repre-
sentative in Atlanta, whose work is being
carried on by Mrs. Burwell, has been
awarded the Bronze Star for meritorious
service in Africa, Sicily, Italy, and France.

Hoffman Radio: Kenneth Sloan is enlarging
the quarters of Radio Parts of Arizona,
36 Madison Avenue, Phocnix, in prepara-
tion for distributing Hoffman Radio re-
ceivers in his State.

Sylvania: J. N. A. Hawkins has been ap-
pointed general manager of industrial elec-
tronics. He will make his headquarters at
500 Fifth Avenue, New York. A former
partner at Eitel-McCullough and later
chief transmission engineer of Walt Dis-
ney's sound department, he has been en-
gaged since 1941 in Navy research work
that has taken him to Central and South
America, Europe, Africa, and Asia.

Stromberg-Carlson: Ben Gross, who has been
a representative for Stromberg’s radio line
since 1924, will now act as a distributor
for New York City, northern Jersey, Con-
necticut, and parts of Western Massa-
chusetts. In addition, he will now dis-
tribute Premier vacuum cleaners, Pak-
A-Way freezers, and Blackstone laundry
equipment.

Bendix: 'I'. Frank Dolan, president of Ed
ward Joy Company, Syracuse, N. Y., is
setting up a new division to distribute
Bendix Radio sets. The radio division will
be headed by Floyd A. Piron.

Albany Hardware & Iron Company, of
which W. C. Dearstyne is president, will
distribute Bendix radios in the castern
portion of upper New York and adjoining
counties of Massachusetts and Vermont,

(CONCLUDED ON PAGE 80)
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“Here’s how Courtney checks up

“...via a PRESTO recorder”

‘““An announcer must check up on his technique

’

constantly,” says Alan Courtney, popular announcer
of WOV’s 1280 Club program. ‘‘My own way of doing
this is to make frequent recordings of my voice on a
portable PRESTO recorder. Then, by listening to the
records, I can get an idea of how I sound to the radio
audience. Naturally, the accuracy of the recording is of

the utmost importance. I find a PRESTO recorder

WORLD’S LARGEST MANUFACTURER
OF INSTANTANEOUS SOUND
RECORDING EQUIPMENT

AND DISCS

May 1946 — formerly F'M Rapio-EreEcTrONICS

PRESTO

RECORDING CORPORATION

ideal for the work, because, even in amateur hands, it
produces cuttings of uniformly high fidelity and clarity.”

PRESTO sound recording and transcription equip-
ment is used by major broadcasting companies, in in-
dustry, in schools and colleges, and by the Armed Forces.
Every PRESTO unit, from the largest to the smallest,
is a product of high engineering skill and uncompromis-

ing manufacturing standards. Write for information.

242 West 55th Street, New York 19, N. Y.
Walter P. Downs Ltd., in Canada
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Some day you’ll see the multiplexing of FM and
Finch Facsimile... five-column newspapers and
audio programs sent simultaneously by radio
over one channel 10 mass circulation homes!

()\ er-eagerness for postwar products can lead 10 costly errors. It is altogether
probable that so long as American armed forces need equipment and supplies,
some of the leading, ablest. most essential manufacturers will devote their facili-
ties to war rather than civilian requirements. Buying too s0oon may be a capital
blunder. In matters of facsimile communication. we remind our friends that

strong Finch patents cover nearly every phase of the facsimile field. Wait and see!

SELF SYNCHRONIZING

inch facsimile

Finch Telecommunications, Inc., Passaic, N. J. . New York Office: 10 East 40th Street, New York 16, N. Y.
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These units, 7/16" x 9/16" x 3/4", are the optimum in
small transformer design . ..they have been in pro-
duction for five years.

Hundreds of thousands of UTC Ouncers have been
used in the field. Solder sealed hermetic constructions
effecting the same weight and space savings are

now in production.

150 VARICK STREET

‘:‘n -
g: > EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.,

May 1945 — formerly I'M Rapio-ELEcTRONICS
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How electronics helps tell a knock from a boost...

HE MIT-Sperry Detonation In-

dicator 1s an engine instrument
that discriminates between normal
and abnormal combustion.

Through an electronic pickup, it
wnstantly detects detonation—popularly
called knocking or pinging—in most
types of internal combustion engines.
And it gives immediate evaluation of
detonation.

As aresult, warning is given at the
time trouble starts . . . engine life is
lengthened . . . mixture may be ad-
justed so that consicerable fuel is
saved . . . and the period between
engine overhauls i1s extended.

No piercing of engine cylinders is
required. Yet even the slightest de-
tonation 1s signalled visually,and the
faulty cylinder or cylinders spotted.

Use of the MIT-Sperry Detonation
Indicator on airplanes results in re-
markable fuel savings, longer engine
life, greater safety.

The same is true of surface trans-
portation which employs internal
combustion engines.

Engine manufacturers find this in-
strument an invaluable aid in design-
mg and testing. It also permits de-
velopment of fuels exactly fitted to
engine characteristics, thus increas-

ing power output and lowering fuel
costs. Also with the Knockometer, a
special application of the Detonation
Indicator, fuels with superior anti-
knock characteristics can be devel-
oped and their quality production
controlled.

Since 1937, Sperry engineers have
been working on the perfection of a
detonation indicator. This is but one
of the many fields in which Sperry
has pioneered in the field of elec-
tronic development.

Additional information on the
MIT-Sperry Detonation Indicator is
available on request.

SPERRY GYROSCOPE COMPANY, INC. crcar necx, n. v.

Yuecscon a/] e f//;wﬂg/ (Kor/mra{/on

*

LOS ANGELES « SAN FRANCISCO -+ SEATTLE « NEW ORLEANS

CLEVELAND - BROOKLYN -« HONOLULU

YROSCOPICS « YLECTRONI

RADAR ¢« AUTOMATIC

COMPUTAT

tON ERVO-M1} HANISM
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AM « BROADCASTING « FM MARINE RADIO AVIATION RADIO MOBILE RADIO

Western Electric has specialized
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I'hese wartime microwave dey clopments hold great
promise for the future of communications and tele-
Vislon transmissions.

From the audio band and extending through the
many services in the radio frequency spectrum up

to the frontiers of super high frequencies, count on et
Western Electric equipment to lead the way! During the 7th War Loan Drive,

buy bigger, extra War Bonds!

___ SR e T - A '
SOUND SYSTEMS SOUND MOTION PICTURES ~ COMPONENT PARTS

knowledge in all of these fields
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DEVOTED TO RESEARCH AND

RAYTHEDN ruses rRecommenDED

FOR POSTWAR %«{ W

Chris-Craft, world’s largest maker of speedaboats. cruisers and motor
yachts, has a line of new streamlined beauties on the drawing boards
that are sure to be seen on every lake and river in the peacetime years
to come. Their refinements, as compared with prewar models. are
almost too numerous to count ... and one of the most important
available accessories is ship-to-shore radio, for which Chris-Craft will
recommend famous Raytheon High-Fidelity Tubes.

Radio equipment for marine use must be able to take plenty of
battering abuse, and Chris-Craft's recommendation of Rajtheon
Tubes is based on their splendid wartime performance under the
most gruelling battle conditions on land. sea, and in the air.

The moral of this story for you. the radio service dealer, is that
Raytheon Tubes, capable of absorbing the punishment of war, are the
best bet for giving your customers the dependable. rich reception they
rely on you to provide. Their consistent performance . . . plus a post-
war Raytheon merchandising program that will revolutionize the radio
service industry . . . are the two big reasons why you should feature
Raytheon Tubes now!

Increased turnover and profits . . . easier stock control . . . better
tubes at lower inventory cost . . . these are benefits which you
may enjoy as a result of the Ravtheon standardized tube type
program,which is part of our continued planning for the future.
Raytheon Manufacturing Company
RADIO RECEIVING TUBE DIVISION
Newton, Mass. * Los Angeles *+ New York * Chicago ¢« Atlanta

RAYTHE

All Four Divisions
Hove Been Awarded
Army-Navy “E'" With Stars

HHepte Peclelrty
ELECTRONIC AND RADIO TUBES

THE MANUFACTURE OF TUBES FOR THE NEW ERA OF ELECTRONICS

‘*MEET YOUR NAVY'*
Every Soturday Night
AMERICAN B TING CO.
Coast o Coast
181 Stations

FM axp Truevision
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The many arms of the FEDERAL organization are the
arms of a versatile servant . . . making war goods
now and preparing for the new and greater demands
of a world at peace.
* * *

For example, FEDERAL INSTRUMENT LANDING
AND RADIO RANGE equipment is pioneering new
concepts of faster, safer air travel.

FEDERAL'S MEGATHERM dielectric and heat induc-
tion units are revolutionizing production processes
in the plastics, metal, food, plywood, textile and
other industries.

FEDERAL always has made better tubes. Today, as
the result of continuous scientific development,
FEDERAL'S TRANSMITTING, RECTIFYING AND
INDUSTRIAL POWER TUBES are proving even more
dependable and long lasting.

"To fill a vital war need, FEDERAL developed INTELIN
ULTRA HIGH FREQUENCY TRANSMISSION LINE —
now is the world’s largest manufacturer.

FEDERAL’S MARINE RADIO EQUIPMENT, first in
serving America’s merchant fleet, includes DIREC-
TION FINDERS, AUTO ALARMS, packaged TRANS-

formerly FM Rapro-ELECTRONICS

MFTTING AND RECEIVING UNITS and LIFEBOAT
TRANSMITTERS.

Back of every FEDERAL TRANSMITTER are years of
engineering and manufacturing experience which
assure the ability to produce any type or power of
communications equipment from walkie-talkie to
200 K.W. transmittess.

QuARTZ CRYSTALS, precision cut and mass pro-
duced at FEDERAL, are performing many secret mili-
tary jobs.

SELENIUM RECTIFIERS, introduced by FEDERAL, are
accepted as standard for converting alternating to
direct current. Power equipment and battery charg-
ers, powered by FEDERAL SELENIUM RECTIFIERS,
are known for long life, high efficiency and low cost.

* * *

Yes, FEDERAL'S many arms make many things — all
to one high standard. Here some of the world’s keen-
est scientific minds combine their talents with three
decades of FEDERAL leadership for developing and
producing better communications and industrial
electronic equipment.

17



“STROMBERG-CARLSON

FOR THE MAIN RADIO IN
YOUR CUSTOMER’S HOME"”

“STROMBERG-CARLSON

The thought that the main radio in any home should be as
fine a radio as its purchaser can buy —a Stromberg-Carlson —
is being carried to the radio-purchasing public by over
475,000,000 impressions in thirteen leading magazines.
Turn this potent merchandising effort to your own direct
service by becoming an authorized Stromberg-Carlson dealer

under the very favorable Franchise Agreements
now being offered. Get in touch with your
local distributor or write us at once.
For Stromberg-Carlson is:
— the important radio unit — the radio unit
carrying real profit opportunity — the radio
unit with easy-selling public acceptance.
By becoming an Authorized Dealer now, you
can organize your post-war business around the
Stromberg-Carlson “main radio,” a consistent
profit maker — whether in an outstanding table
model, console, or radio-phonograph combination.

18

FOR THE MAIN RADIO LINE
IN YOUR SHOWROOM”

STROMBERG-
CA RLSON ...ROCHESTER 3, NEW YORK

RADIOS... TELEVISION ... TELEPHONES
AND SOUND EQUIPMENT
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IS FOR “TROPICALIZED’

.. .. which means that STANDARD Sprague
Koolohms now have the same EXTRA HUMIDITY
PROTECTION formerly obtainable only on
special order.

All Sprague Koolohm Resistors are now sup-
plied with glazed ceramic shells and a new #ype of end seal as
standard construction.

These features provide maximum protection against the most
severe tropical humidity and corrosive conditions. Extensive

WOUND WITH

C E R A M | C tests in the laboratories of the armed forces and prime con-
tractors have proven the ability of the “KT” construction to
|NSU|.ATED “take it under the most brutal air thermal shock, humidity,

and corrosive conditions.

Type "KT” Koolohms correspond to characteristic *J” of
resistor specification JAN-R-26.

All previous catalog designations remain the same except
for the addition of the letter “T” to the old type numbers to

PRDOUB'-Y designate the new standard construction.
b OTECTED Thus “T” is for “Tropicalized”—and all Sprague Koolohms
CER Y glazed have it. One type of Koolohm, the standard type, does the
NEwAM’c SHELLs and job—under any climatic condition, anywhere in the world.
T .
YPE END SEALS SPRAGUE ELECTRIC CO., Resistor Division, North Adams, Mass.

(Formerly Sprague Speciaities Co.)

.
)
%

-

. ]

-

S|
\
I
"

S R
"-'-TM'DEMMK REG. U. S. PAT QFF.
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TERMINAL }J
FLANGE ~* SCREW-ON

BEZEL

ALL THE FEATURES of STANDARD INSTRUMENTS RETAINED
Withstands submersion tests at 30 feet

A screw-on bezel provides uniform pressure for hermeti-
cally sealing the glass to the case. The gasket is pressed
into every crevice around the edge of the glass and the
top of the case, where the permanent seal is made.

Tempered glass window and ceramic sealed terminals
are used.

The knurled screw type bezel permits servicing when
necessary and resealing without replacing a single part
or the use of special tools or equipment.

Complete dehydration of the interior is readily
accomplished by recognized temperature difference

Write for circular

Triplett
ELECTRICAL INSTRUMENT CO. sLurrron, onio

FM axv TELEVISION

a ...lo

method (the bezel loosely attached for the escape of all
moisture, after which the bezel is tightened to make the
permanent seal). Interior is completely dry at slightly
above atmospheric pressure.

These instruments comply with thermal shock, pres-
sure and vibration tests. They also are resistant to
corrosion. Instruments conform to S.C. No. 71-3159
and A.W.S. C-39.2-1944 specifications.

Furnished in 114", 214" and 314" metal cases with
14" thick walls, in standard ranges. D.C. moving coil,
A.C. moving iron and thermocouple types.
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DYNAMIC HANDI-MIKE

TECHNICAL DATA
MODEL 204-TC

IMPEDANCE: 35-50 Ohms.

FREQUENCY RESPONSE: 200-7500 Cps.

OUTPUT LEVEL: Into 50 ohm input; 44
db below 6 milliwatts for 100 bar
signal.

SWITCH: Type ''T."" Press-to-talk. Ver-
tical toggle with snap oction,

CORD: 6 feet long. Rubber jacketed.
2 Conductor and shield.

CIRCUIT: Two wires direct to micro-
phone. Switch '‘makes’ independent
circuit. For use in connection with
control circuit of transmitter or other
relay operated device.

DIMENSIONS: tength overall 8 inches,
head diameter 2% inches.

SHIPPING WEIGHT: 2 pounds.

There are seven other dynamic handi-

mike models from which to moke o
selection.

~ !

Universal Handi-Mikes have been, through these years of
progress in Radio-Electronics, as common a part to specialized
sound equipment as the vacuum tube is to your home radio.
The same microphone restyled and redesigned progressively
has met the wanted need of a rugged hand held microphone.
The Handi-Mikes are now available in both carbon and dynamic
microphones with a variety of switches and circuits from which
to choose.

UNIVERSAL MICROPHONE COMPANY
INGLEWOOD, CALIFORNIA

REPRESENTATIVES: New York, Chicago, Kansas City, Cleveland,
Boston, Tampa, Houston, Philadelphia, Detroit, Scattle, St. Paul,

Salt Lake, Los Angeles, San Francisco, and Asheville.

formerly "M Rapio-ELECTRONICS 21
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HE Model $-36 is probably the most versatile VHF re- /
Tceiver ever designed. Covering a frequency range of 27.8 J/ﬂdé/ 5-36
to 143 megacycles it performs equally well on AM, FM, or FEM-AM-CW
as a communications receiver for CW telegraphy. Equip-
ment of this type was introduced by Hallicrafters more than 27.8 to 143 Mc.
five years ago and clearly anticipated the present tsend Covers old and new FM Bands

toward improved service on the higher frequencies.

Fifteen tubes are employed in the $-36 including voltage
regulator and rectifier. The RF section uses three acorn tubes.
The type 956 RF amplifier in conjunction with an interme-
diate frequency of 5.25 megacycles assures adequate image
rejection over the entire range of the receiver. The average
over-all sensitivity is better than 5 microvolts and the per-
formance of the S-36 on the very high frequencies is in every
way comparable to that of the best communications receiv-
ers on the normal short wave and broadcast bands.

The audio response curve is essentially flat within wide
limits and an output of over 3 watts with less than 5% dis-
tortion is available. Output terminals for 500 and 5000 ohms
are provided.

The RF section is built as a unit on a separate chassis which may
easily be removed for servicing and incorporates a three position
ceramic band switch. The positive action mechanical bandspread
dia! turns through more than 2200 divisions for each of the three
ranges, 27.8 to 47, 46 to 82, and 82 to 143 megacycles.

For details on the entire Hallicrafters line of precision buile
receivers and transmitters write for Catalog 36-H.

{

\a:‘:zz:::n hallicrafters rapio =dis.....

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT + CHICAGO 16, U. S. A.

COPYRIGHT 1945 THE HALLICRAFTERS CO.
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FGC'S FINAL FREQUENCY ALLOCATIONS

For Frequencies of 25 Mc. 30,000 Mc—Released on May 17, 1945

AMATEURS CITIZENS' RADIO

28-29.7 460~-470

4 mc. band:

4410810 commurflcnlons
144-148 Fire
220-225 15 ch: 30-40
420-450'5 12 ch: 44-10810

1145-1245 12 ch: 152-162
2300-2450 Forestry
S 29 ch: 30-407
10000-10500
21000-22000 J s (S
6 ch: 44-1087
30 mc. band:
AVIATION ey D

Airport Control

4 ch: 152-16213
12 ch: 152-16215

118-122
- . 186-2161!
Civil A""'":’:G General H'way Mobile
225-328.
8 40!
335.4-400¢ 20 en: 42-44:
Flight Test, Schools Geophysical
7 ch: 25-28 24 ch: 25-28!
Glide Path : ¢:= 3‘2":;’;
ch: 42—
328.6-335.4 4 ch: 152-16213
Mobile 12 ch: 152=162!%
122-132 ) Highway Maintenance
1325-1375* 10 ch: 44-10810
Navigation Aids Marine Mobile
420~-450!8 5 ch: 30-40°
1600-1700 6 ch: 30-40%
2700-2900% 5 ch: 42-44°
3700-3900 8 ch: 152-162
5000~5250"!

BROADCASTING

Experimental

Motion Picture
6 ch: 25-28°
12 ch: 152-1621%

Point-to-Point

920-940 30 mec. band:
FM Commercial 44-10810, 1
11
14 mc. band: 186-216
44-10810 Police
. 36 ch: 30-40
FM Educational 24 ch: 42-44
4 mec. band: o 36 ch: 44-10810
44-108 36 ch: 152-162
Relays Power, Petroleum, etc.
24 ch: 25-28! 12 ¢ch: 25-28
12 ch: 152-162!5 7 ch: 30-40
S-T Links 66 ;!"1;;-:2;10
30 mc. band: o
44-10810 11 Press Relay
196~216!! 6 ch: 25-28?
940~-9602" 4 ch: 152-16213

! Shared by relay broadcast and geophysical
* Shared by press relay and motion picture

44 TO 108 MC.

After further FM propaga-
tion tests, the FCC will
select one of the three
alternative arrangements
for the 44- 10 108-mc.
band:

ALTERNATIVE NO. 1

44-48 Amateur
48-50 Facsimile
50-54 Educational FM
54-68 Commercial FM
68~-74 Television
74-78 Fixed and
Mobile
78-84 Television!!
84~90 Television!!
90-96 Televisionll
96-102 Televisionl!
102-108 Televisionll

ALTERNATIVE NO, 2

44-50 Televisionll
50-56 Television!!
56-60 Amateur
60—-66 Televisionll
66~68 Facsimile
68-72 Educational FM
72-86 Commercial FM
86~92 Television
92~98 Television!!
98-104 Television!!
104~108 Fixed and
Mobile

ALTERNATIVE NO. 3

44-50 Television!l
50-54 Amateur
54-60 Televisionl!
60-66 Televisionl!l
66-72 Televisioni!
72-78 Televisionll
78-84 Television
84-88 Educational FM
88-102 Commercial FM
102~-104 Facsimile
104-108 Fixed and
Mobile

Railroads 335.4-40016
30 me¢. band: 400-420'7
44~10810: 11 1375-1600
60 ch: 152-162 2100-2300
186~-21611 4400-5000
. 7050-10000
Special Emergency 13000~16000
6 ch: 30-40 18008-21000
10 ch: 44—‘03‘0 22000-26000
Unspecified Non-Gov't
Fixed & Mobite METEOROLOGICAL
450-460!9 400-4207
1325-13752 1700-1750
1750-2100 2700-2900°3
2450-2700
3900~-4400 NAVIGATION AIDS
5650-7050 960-1145
10500-13000 2900-3700
16000-18000
26000-30000 PROVISIONAL &
Urban Mobile EXPERIMENTAL
24 ch: 152-1624 1 10 ch: 25-28
Urban Transit : d: g&:g\
6 ch: 30407 o )
) 2 ch: 30-40'
o) dug el e 1 ch: 42-44
6 ch: 44-1087 10 2 ch: 44-10810
FACSIMILE 2 ch: 152-162
Broadcasting SCIENTIFIC, MEDICAL,
2 mc. band: INDUSTRIAL
44~10810 27.185-27.455
470-480 40.96-41
Police Fixed
940-96020 TELEPHONE
Rural Subscriber
GOVERNMENT 30 me. bond:
25.015-27.185° 44-10810 11
27.455-28° 24 ch: 152-162% 14
29.7-30° 186-216'!
30-30.5 Short Distance Toll
30.5-32¢ 24 ch: 152-162% 14
32-33
33-343 TELEVISION
g;:::x Broadcasting
36-37 5 ch: 44-10810; 11
—283 1 ch: 44-10810
37-38 12
L 180-1860:
40-40.96 S
41-42 186~19212
o1
108-118 192-198:;
132-144 198-204
148-152 204-21012
162-174 210-21612
174-186!2 480-920
216-220 Relays
225-328.616 1245-1325
, and short di toll teleph

14 Shared by urban mobile, rural subscriber teleph
15 Shared by relay broadcast, motion picture, geophysicol, and forestry

4 Shared by Government and fixed ond mobile services

h d.

Is for

4 For marine, land vehicles, aircraft, etc. 12 of these
common carrier basis, 4 for trucks, 4 for buses
© Shared by marine mobile and geophysical

%6 channels shared by marine mobile and forestry

6 channels shared by urban transit and forestry

~ Shared by urban tronsit and provisionol-experimental

Antenna input power limited 1o 5 watts peak
' See proposals for 44-108 mc.

on

'l Shared by television and police control and relay circuits, point-to-point, marine
tudi

control circuits, forestry, rural teleph {17 itter links, and
and yord operations on mutually non-interfering basis.
" Share by Government and television.
Shared by press relay, forestry, and geophysical

May 1945 — formerly F.M Ramio-EvrcTroNics

18 Shared by Government and civil avistion

17 Government, including radio sonde

18 Temporarily for special air igation aids. To be exclusively for amateurs when no
longer required for special navigation aids. Meanwhile, amateur peak power to be
limited to 50 watis

¥ Temporarily for special air navigation aids. To be reserved for non-Government serv-

ices when no longer ded for special oir navigation aids
20 Shared by exf tal broadcasting, studi links, control circvits, police
fixed facsimile, efc.
d, ferminal, 21 Shared by met logical and air navigotion aids
22 Fixed and mobile, including aviati
‘3 Shared by met fogical and air igation aids

4 Instrument landings

23



FiIG. 1. THE DUAL
COAXIAL ANTEN-
NA, ABOVE, IS
MOUNTED ON THE
COURTHOUSE
PEAK, SEEN AT THE
RIGHT OF THE
WIDE STREET IN
THIS BIRD'S-EYE
VIEW OF MIAM!
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MIAMI POLICE HAVE FIRST 118-MC. SYSTEM

Report on 118-Mc. FM Operation Indicates Higher Frequencies Will Be in

HE license for our 118-mc. 2-way FM

police system was issued on November 1,
1944. Soon after that, an expert on radio
communications came to Miami to see
how the equipment was performing. When
he came back from a trip in one of our
patrol cars, he said to me: “Ben, if you’d
been a radio engineer, you wouldn’t have
attempted to put in this system, because
radio engineers know it’s impossible to get
solid coverage at 118 me.”

Why We Wanted 118 Me. A Well, back in March,
’44. when we made the first 118-mec. tests
with a 15-watt transmitter, I didn’t know
just what results we would get, but at
least 1 had no reason to believe that solid
coverage was impossible. We wanted to
replace our 2.442-mc. AM equipment with
FM, but we didn’t want to have the inter-
ference we were experiencing on our 31.5-
mc. FM fire department system which we
installed in 1941. Just at this time, Nor-
man Wunderlich had announced the re-

* Supt., d)mmunications Division, Dept. of Public
Bafety, City of Miami, 3810 N, W, 8th 8t., Miami, Fla.
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Great Demand for Police Service

BY LIEUT. BEN DEMBY*

sults of his 118-me. tests in Chicago, and
that encouraged me to expect the quality
of performance on 118 mec. that I wanted
in Miami.

Depending upon the time of the year
and the time of day, we have interference
on 31.5 me. from sections as far away as
California and New England. Worst of
all was code interference which we finally
traced to a South American press tele-
graph station HPG, operating on 15.55
me. We got the second harmonic, and it
really cut up our reception.

If it seems surprising that we under-
took to pioneer something entirely new
and untried, instead of waiting until
someone else worked out the answers,
there are good reasons for what we did.

The Miami Police Department is called
upon to meet a unique combination of ex-
tremely difficult conditions. Our transient
population is enormous. In addition to the
various wartime services set up by the
Army, Navy, and Coast Guard, nearly all
of our hotels have been taken over as
convalescent homes for soldiers and sailors

brought from overseas. They stay for two
weeks to a month. While the Municipal
Police is not responsible for servicemen,
we are called upon to cooperate with Shore
Patrol and Military Police operations.

Pan American is bringing in many
civilians from the West Indies. Porto
Ricans are coming here in great numbers.
As fast as one member of a family gets
here and finds a job, he sends passage
money for the next one,

And. despite all restrictions on travel,
people of all kinds still find ways to reach
Miami from every part of the United
States. Thus a tremendous responsibility
of service, as well as maintenance of law
and order, is put upon our Director of
Public Safety, Dan Rosenfelder, and our
Police Department.

Fortunately, we are encouraged by our
Director to make use of any means by
which we can better meet that responsi-
bility of public service, and probably no
one appreciates more keenly than Dan
Rosenfelder the value of 2-way police
radio communication in police work.

FM AnDp TELEVISION
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FIG. 2. COVERAGE OBTAINED WITH SINGLE AND DUAL COAXIAL ANTENNAS AT HEADQUARTERS
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, AND TALK-BACK RANGE
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Description of the Equipment % My first efforts to
get the equipment did not arouse any
enthusiastic response. When I approached
the Motorola engineers, they were too
busy with their military problems to
give me any help and, besides, they didn’t
think much of the idea of using 118 me,
for 2-way mobile service. Then Norman
Wunderlich came to my rescue by practi-
cally smuggling out of the plant some
Motorola units used for relay installations.

They weren't designed for use in cars.
but we rigged up a temporary radiator on
the peak of the Courthouse for the main
station, and put a toothpick antenna on
one of our patrol cars for the mobile unit.
Fig. 1 shows the business section of
Miami, with the point of the Courthouse,
our tallest building, just below the skyline
a little to the right of Flagler Street.
which runs out the middle of the picture.
The dual coaxial antenna shown in the
insert was put up later. The car antenna.
only 23 ins. long, can be seen in Fig, 5.
This, then. was the first 118-me. police
installation,

As for the initial tests using 15 watts
output on 118.35 me., it is enough to say
that, from the start, it was certain we
were on the right track. Meanwhile, the
use of our 81.5-me. FM system gave us a
basis for comparing performance that
surely emphasized the advantages of the
higher frequeney,

T -

118-me. transmitter inside the peak. The
elevation at the foot of the anteuna is
346 ft. above sea level. Figs. 8 and 9 show
the transmitter, with detailed views of the

quarters. Fig. 4, carries the voice and con
trol ¢ircuits in the conventional manner.
The operating procedure is no ditferent
from that at the lower frequencies.

FIG. 3. THE AUTHOR WITH MIAM!I'S DIRECTOR Of PUBLIC SAFETY, DAN ROSEN-
FELDER, WITH WHOSE ENTHUSIASTIC SUPPORT LIEUT. DEMBY PIONEERED THE
USE OF 118 MC.

- el

FIG. 4. PAULINE VARNEDOE AT THE MIKE AT W4XKK CONTROL ROOM, IN MOORE
PARK. EXPERIENCE SHOWS THAT WOMEN’S VOICES ARE EASIER TO UNDERSTAND
THAN MEN'’S

It was not until November I, 1944 that
we were ready to go on the air officially
with our new cquipment. We put a dual
coaxial antenna. shown in Fig. 1. on the
Courthouse, and installed a  230-watt,

26

oulput stage, front and rear. In general
appearance, it is similar to the standard
30- to 40-me. Motorola FM transmitter
and receiver assembly. A line to the con-
trol room at Moore Park radio head-

The ear installations are similar in
appearance to conventional types, except
for the diminutive size of the antenna
You will see in Fig. 6 that we have a
separate 300 A H. storage battery to
operate the radio equipment. In addition,
we have a 40-ampere Bosch or Auto-Lite
charger under the hood. It is mounted so
that the same belt drives both the regular
and the added charger. In this way, we
have eliminated much of the service work
required to keep the regular batteries
fully charged at all times when they are
used to operate the radio units.

Altogether, in its general appearance
and method of use, there is little to dis-
tingnish our 118-me. equipment from that
designed to operate on 30 to 40 me. But
the performanece is something such as can’t
be heard now on the lower FM police
frequencies.

Coverage * The map in Fig. 2 gives the
results of a very careful and complete
survey we made and was later checked by
FOCC and FBI engincers, Tests were made
in one of our patrol cars, using a calibrated
receiver. On the highways marked on the
map, the measured signal strength at any
given distance was almost absolutely uni
form. That is due in part. 1 suppose, to the
fact that the entire area is perfectly flat,
but 1 think the main reason lies in the

. FM axp TeLevisioN



propagation characteristics at the higher
frequengies.

In the table at the left of Fig. 2, the
right hand column shows the distance
from the transmitter. Next are readings

the route sclected by Major T, \\. Wilson,
of the British Army Staff, and Milton
Sleeper, editor of FM axp TELEvIsION,
when we spent an afternoon together try-
ing to find adverse conditions that would

|

FIG. 5. MAJOR T. A. WILSON, BRITISH ROYAL CORPS OF SIGNALS, LIEUT. BEN DEMBY,
AND CHIEF DISPATCHER R. N. HARWARD, WITH ONE OF THE PATROL CARS

taken with a 15-watt transmitter and
coaxial antenna at the Courthouse. These
readings are the same as those obtained on
the car talk-back measurements.

The third column to the left gives read-
ings taken with the coaxial antenna and a
250-watt transmitter. The last column
shows how our signal strength stepped up
when we installed the dual coaxial antenna
illustrated in Fig. 1.

All those readings are plotted in Fig. 7.
Curve A is for the 250-watt transmitter
with our dual coaxial antenna. Curve
A, is for the same transmitter with a con-
ventional coaxial antenna. Curve A; is
for the 15-watt transmitter and coaxial
antenna, and for car talk-back to head-
quarters. Curve B is shown ! merely for
purposes of comparison. This shows the
calculated field strength from a 1 kw.
transmitter with a horizontally polarized
antenna 1,000 ft. high, working on 100
me. with a receiving antenna 30 ft. high.
It will be noted that the four curves are
reasonably similar,

Performance on 118 Mc. % Let e take you on
a trip in one of our patrol cars. We'll pick
out some of the spots where, from your
previous experience, you would expect our
118-me. system to fail. Suppose we take

) From “FM Broadcast and Communications’ by
René Hemmes, FM anp TELEvisiON, April, 1945,
page 37.

tenance shop. Driving toward the business
section, we took one of the streets lined
with high buildings that cut us off from
sight of the antenna with walls of steel
and stone. I picked up the handset and
called, “Seven to WAXKK.” And back
came the pleasant voice of operator Paul-
ine Varnedoe with, “* K, Seven,” as clear
as If we were in open country.

I called in several times to show my
visitors that there was no difference in
the signal level as we cruised around the
business district, or out in the clear as we
headed across McArthur Causeway to
Miami Beach. We passed a huge gas stor-
age tank, and I drove close against it on
the side away from the transmitter. When I
called, “Seven to W4XKK,” the operator
snapped back, “K, Seven,” without the
slightest change in the signal.

High-tension power lines cause consid-
erable trouble on the lower frequency.
Accordingly, we headed north until we
reached a point where 66,000-volt lines
run at the side of the road. There wasn’t
the slightest sound to indicate that we
were driving beside such a source of
interference.

Twenty miles from the transmitter, we
came to a narrow steel bridge. I asked:
“Want to hear what this bridge does to the
signals®” To show them that the steel-
work wouldn’t make any difference, I

FIG. 6. THE 118-MC TRANSMITTER AND RECEIVER HAVE THE OUTWARD APPEAR-

ANCE OF CONVENTIONAL EQUIPMENT, AND ARE

prevent 2-way communications with head-
quarters.

We started off from Moore Park where,
in a stone building so built as to withstand
any future hurricane, we have the radio
operating room, Fig. 4, office, and main-
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INSTALLED IN THE SAME WAY

called Headquarters and asked the opera-
tor to count slowly from one to twenty-
five. That gave me time to approach and
cross the bridge while she was talking.
They expected that there would be some
kind of a break in the signals, but there
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wasn't. Then Major Wilson had an idea.
He said: “Suppose you go back on the
bridge and call Headquarters. I'd like
to see if the steelwork affects the car
transmitter.”

So I turned around, stopped on the
bridge, and ealled, “Seven to W4XKK.”
I knew it wouldn’t make any difference,
but my passengers were surprised at the

prompt, “K, Seven,” that snapped back
to us.

Your Kditor had the next stunt for me.
He said, “There’s a race track on the
right. What will the steel construction of
the grandstand do to your signals? ™ It was
easy to find out. I was able to drive in at
the gate and under the grandstand for,
right now, all our tracks are deserted. The
118-mec. signal was no different than it
was right in the City, and the operator
heard me without any difhiculty.

We passed Ft. Lauderdale, nearly 30
miles from the transmitter, before I had
any trouble reaching Headqguarters. The
operator could recognize my call, but 1
had to repeat my messages. We don’t con-
sider that satisfactory communication,
even though her voice came in clearly to
us,
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However, at 30 miles we were not only
far from Miami. We were out of Dade
County, as you will see from the map in
Fig. 2. This is far more range than is re-
quired for our system, so that we have an
ample margin of safety. A radius of 30
miles represents coverage of nearly 3,000
square miles. That range is more than
enough to cover the five boroughs of New
York City. In fact it is nearly enough to
cover New York metropolitan district
which includes parts of New Jersey and
Connecticut! The five boroughs of New
York comprise only 299 square miles, and

FIG. 8, LEFT. REAR OF 250-W., 118 MC.
MOTOROLA TRANSMITTER. FIG. 9, RIGHT.
FRONT VIEW, WITH DETAILS OF THE
POWER OUTPUT STAGE IN SMALL INSERTS

the extreme length of the City is only 35
miles,

As a further basis of comparison, the
Chicago District covers 1,119 square miles,
extending along Lake Michigan for 55
miles, but the City proper contains only
213 square miles, with a Lake front of 26
miles.

These figures are given to indicate the
possibilities of using 118 me. in the largest
cities. To be sure, the police will soon
have to give up this part of the spectrum
and move to 152 to 156 me., but my ex-
perience with these higher frequencies in-
dicates that the performance will be as
good as we are getting now in Miami.

Returning from our tests, we tried other
stunts, such as driving down into a gravel
pit, and stopping close to various steel
structures, but nothing affected the per-
formance of the equipment. I had one sur-
prise of my own still up my sleeve. s we
approached the Courthouse, I asked the
operator to count slowly to one hundred.,
Then T turned onto the ramp which leads
to a parking space under the Courthouse,
and below ground level. If there is any
space where, from experience with lower
frequencies, you would expect the signal
level to drop, this is it. But I drove all
around the underground arca and out to
the street again with no more variation
in the signal than if the car had been stand-
ing at the curb.

In short, both Major Wilson and your
Editor agreed that, as a demonstration of
solid communications, this was 100%!

Special Notes « Engincers and police offi-
cials who come to see and hear our radio
system seem to expect that we'd have
trouble with frequency drift in the mobile
units. Qur experience with equipment we
have had in service for more than six
months is that the frequency adjustments
require less attention than the 31.5-mc.
equipment used by our fire department.

It may be due to the design of the 118-me,
circuits. I shan’t attempt to explain it, but
I can say from my own experience that,
with our schedule of checking all car units
once a month, we have had no service
problem with frequeney drift.

The average car-to-car range is 5 miles.
That is enough for all conditions where
car-to-car communications are required,
We do not consider it desirable for any
one car to hear all the other cars, nor is it
necessary,

On our detective cruisers we use side-
mounted antennas. Because of their short
length, they look exactly like antennas on
private cars. No one ean tell the difference.
There is no noticeable directional effect
at distances under 20 miles.

A feature of our transmitter which de-
serves special attention from police radio

FM anxp TELEvVIsION
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engineers is onr dual coaxial antenna.
The story of its performance, and the gain
over the conventional type of vertical
radiator is told by the table in Fig. 2.
For example: At a distance of 40 miles,
the field strength from the single antenna
was 3 microvolts per meter, against 54
from the dual coaxial antenna. That rep-
resents the difference between a signal
that might be misunderstood, and one of
ample signal-to-noise ratio.

NOTES ON TELEVISION
FREQUENCIES

BY JERRY B. MINTER*

There has been considerable expression of
opinion recently concerning allocation of
the higher frequencies to television. Like
most engineers, [ have some personal
thoughts on this subjeet which might be
of general interest.

In view of the FGG's attitude toward
temporary assignments in the lower band,
it is my own feeling that it might be
better to shift now to the higher band,
but leave the transmission standards at
525 lines. so that existing studio equip-
ment could be used without change. The
assigned channels should be spaced far
enough apart to permit improvement of
the standards at some future date when
iconoscopes, kinescopes, circuits, anten-
nas, cte. are developed to realize any bene-
fit from a change in standards. It might be
well to space the sound carrier farther

* Chief Engineer. Measurements Corp., Boonton,

This is more important, under most con-
ditions, than increased range. On the other
hand, there are many cases where added
range is of distinet advantage. On this
point, the chart shows a field strength of
9 microvolts up to 37 miles with the stand-
ard radiator, against 60 miles for the same
field strength with the dual coaxial an-
tenna. That difference of 23 miles has
proved mighty useful in special emer-
genelies.,

away from the video carrier, since present
transmitters seem to have trouble keep-
ing sound carrier out of the picture, and it
would not be too difficult to shift the
sound carrier on most receivers from 8.23
me. down to .75 me.

Future television receivers should use
much higher IF frequencies to obtain bet-
ter image ratios and better video detec-
tion efficiency. It seems logical to con-
sider 20 me. for the sound carrier inter-
mediate frequeney, and 30 me. for the
video intermediate frequency. This would
permit a 9-me. video bandwidth for single
sideband transmission at some time in the
future. The high frequency channels should
be at least 15 to 20 me. wide, so that un-
reasonable requirements are not put on
sideband filters at the transmitter. At
some future date, when better sideband
filters are developed, the transmitted sig-
nal can be nproved, and better use made
of the assigned channel width.

For about 4 years, I have been observ-
ing and altering a television receiver in an
attempt to utilize fully the preseut as-
signed channel width. In order to secure
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It is interesting to note a dip in the
ficld strength from our dual antenna at
16 miles and again at 3014 miles. These
were not due to obstructions between the
car and transmitter. I am inclined to
think that they result from interference
between the direct wave from our antenna
and the ground-reflected wave. It would
he casy to tell if that is the case. If it is,
raising the car antenna a few feet would
bring up the signal strength to a normal
value.

However, we haven't made an investi-
gation to determine the cause, and it's not
important since the signals at these points
are amply strong to operate the limiter.
Henee the signals from the loudspeaker
are not affected.

Another guestion we are asked  fre-
quently is: " What effects do static or
bursts from distant stations have on 118,
3-me, reception?” We have experienced
no interference  sufficient open the
squeleh on our headquarters or car re-
ceivers, There are some 40 relay trans-
mitters operating on 118 me. in various
parts of the country. but we have not
heard one of them. When the new band
from 152 to 156 me. is put to use in police
service, this will provide about 70 ¢han-
nels or twice as many as are now available
in the 30- to 40-me. band. So it looks as if
there will be ample room for a great many
municipal police systems to operate with-
out co-channel interference,

I know that our Director of Public
Safety shares the enthusiasm with which
I recommend to other pgolice communica-
tions officers the shift which we have made
to the higher FM frequencies.

to

sufficient receiving antenna directivity, I
have found it necessary to erect a rhombic
antenna occupying a space 20 by 40 ft,
Otherwise, multipath effects prevent max-
imum possible resolution with the present
standards. This antenna is necessary in
order to cover adequately the entire range
from 350 to 300 me. now assigned to com-
mercial television.

From 430 to 1000 me.. a much smaller
rhombic antenna, about 6 by 12 ft., wiil
provide from 3 to 6 times the voltage gain
of a half-wave doublet. and sufficient
directivity to permit good resolution with
the present 325-line standards,

In order to permit the use of one re-
ceiving antenna for all assigned channels
in a particular area, all the transmitting
antennas should be located at the same
place. This is obviously much cheaper for
listeners than expecting them to erect
one antenna for cach station to be re-
ceived. In addition, many metropolitan
areas do not provide more than one site
that is really suitable for the location of
television transmitters.

(CONTINUED ON PAGE 79)
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CIRCULAR ANTENNAS FOR FM BROADCASTING

Performance Data on Circular Antennas for 42 to 56 Mc., and Gomparisons with

SUMMARY

Power Gain Compared with Turnstile Antenna » The
horizontal gain from arrays of circular and
turnstile antennas are compared on a prac-
tical common basis, Difficultics with pre-
viously published comparisons are brought
out. The results may be summarized in
the following table:
GAIN COMPARISONS

Turnatile Circular
Practical Array Practical Practical

Length in X\ Bays Gain Bays Gain

0.0 1 0.45 1 0.79

0.47 2 1.0

0.94 3 1.51 2 1.70

1.41 4 2.04

1.88 H) 2.63

2.35 6 3.12

2.82 7 3.76 4 3.63

3.29 8 4.36

4.23 10 5.52

4.70 il 6.06 6 5.50

6.52 15 8.49 8 7.24

Calculated Field Intensity Contours at Normal
Heights * Graphical relationships are pre-
sented, in order to simplify the determina-
tion of contour distances, for all com-
binations of standard transmitter sizes,
standard antenna sizes and transmitting
antenna heights. A correction curve for
transmitter frequency is shown. Examples
of representative calculations are given.

Economic Choice of Antenna and Tower % A basis
for the economical choice of tower height
and antenna size is presented. The net
result is made available in simple terms,
regardless of the choice of transmitter
size.

Calculated Field Intensity Contours at Extended
Heights * ‘The antenna performance curves
are extended to elevated regions up to
10,000 ft., such as are possible in moun-
tainous locations.

NY discussion of the relative perform-

ance of antennas, whether in terms of
gain per bay or in terms of gain for a given
overall height, requires a common basis
for the comparison. It is the purpose of the
first part of this article to establish such a
basis.
Gain Compared with Turnstile Antenna * When
an investigator establishes for the first
time characteristic curves showing elec-
trical performance, it is to be expected

* Tranamitter Division, Electronics Department,
General Electric Company, Schenectady, N. Y.
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Turnstile Types — Part 1
BY M. W. SCHELDORF *

that these curves may be ““idealistic™ in
nature. This is true for curves showing the
gain that is achieved when a varving
number of antenna bays are stacked in a
vertical direction, as is common practice
in FM broadcasting. These curves are cal-
culated by the most simple direct method
possible, so it is quite probable that the
gain values secured in actual practice will
deviate from these “ideal” values. The
following discussion will serve to demon-
strate the neccessity for serious attention
to these deviations.

In the first paper on the Circular An-
tenna,! a curve was published showing the
gain for full wavelength spacings of the
bays. This gain curve was caleulated from

with a half wavelength spacing have ap-
peared in several publications, However,
none of these publications included a
description of the method used to obtain
the curves presented. Unfortunately, we
have been unable to obtain a fair com-
parztive gain curve in accordance with an
accepted method that will agree with these
curves.

The simple, direet method referred to is
one discussed in detail, with examples, in
Case 522016 Notes on Antenna Arrays
for High Frequency Broadcasting, March
25, 1941, prepared by J. F. Morrison as a
member of an FCC-sponsored industry
committee having the following mem-
bership:

CURVE OF
AVERAGE
POWER

TURNSTILE
ANTENNA

@IRCVLAR

FIG. 1.

HORIZONTAL RADIATION PATTERNS, PLOTTED TO THE SAME MAXIMUM

REFERENCE LEVELS, FOR TURNSTILE AND CiRCULAR ANTENNAS

the distribution of energy in solid space
compared with the distribution in that
same space from the standard vertical
dipole. The horizontal distribution from
the antenna is not circular and because the
choice made no particular handicap, the
horizontal gain was calculated on the
basis of the average power radiated in the
horizontal plane. The result is shown
graphically in Fig. 1 at the right hand
side. The gain from the circular antenna
exceeds the curve first published by 0.8 db
in the neutral plane and is less than that
curve by 1.0 db in the plane perpendicular
to the neutral planc.

Curves of gain for the turnstile antenna

1“FM Circular Antenna’ by M. W. Scheldorf,
G-E Review, Vol. 46, page 153, March 1943.

Chairman — Lynne C. Smeby — NAB
Members R. O. Duncan — RCA

H. P. Thomas — GE

C. A. Priest — GE

W. B. Lodge — CBS

F. A. Gunther — Radio

Engr. Labs
R. H. Harman — WEM Co.
A. Alford —IT & T Co.

Paul de Mars— Yankee
Network

J. F. Morrison — Bell Tele-
phone

This publication includes a graphical rep-
resentation of the mutual resistance
between half-wave dipole elements and
describes the necessary steps for the cal-
culation of turnstile gain by the use of the
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mutual resistance relationships. The math-
ematical procedure is sound and the
results therefore depend entirely upon the
mutual resistance curve that is used. In
this respect, the curve used agrees well
with a similar curve published earlier.?
The method just described, using spac-
ings of a half wavelength, will give a curve

erations: When two or more bays of a
given antenna are interconnected with
coaxial transmission lines of the rigid con-
ductor type, it is necessary to use lengths
of line which are reduced from exact mul-
tiples of a half wavelength long, due to the
insulating material used to space the two
parts of the concentrie structure. This re-

FIG. 2. ACTUAL DISTRIBUTION OF RADIATION FROM ONE HALF-WAVE DIPOLE

which, again, is idealized because there are
no practical considerations. The curve of
course is restricted to antenna arms a
quarter wavelength long. However, a
curve of mutual resistance for one-sixth
wavelength arms, also shown in the paper
by Brown.? shows that the relative amount
of sclf resistance and mutual resistance is
essentially the same. so that the gain curve
for this length will be very much the same
as for the normal length.

Before we can properly compare the
gain curves we must establish a common
basis with respect to the horizontal pat-
tern and in addition apply a necessary,
practical consideration of bay spacing.

When the gain is calculated in ac-
cordance with Case 52201-6 outlined
above, the result applies to directions in
the horizontal plane perpendicular to
cither one of the half-wave dipoles forming
the turnstile. If the horizontal pattern of
the turnstile were truly circular, this gain
would then be appropriate for comparison,
but at forty-five degrees with respect to
these two directions, the horizontal pat-
tern is reduced by a value of 1.0 db as
shown by the left hand portion of Fig. 1.
This is a result of the fact that the pattern
of the individual dipoles is not two cireles
in contact, as has been shown at numerous
times but more nearly two ellipses in con-
tact as indicated by the diagram of Fig. 2.
The net result is that a correction of
—0.5 db must be applied to the idealized
curve for the turnstile to make it com-
parable on this idealized basis with the
circular curve originally published.

Next, for the practical spacing consid-

2 Dircetional Antennas' by G. H. Brown, Pro-
ceedings of the IRE, Vol 25, page 78, January 1937,

duction amounts to 5.89, for standard
7%-in. line. The result is that the most
practical spacing for the turnstile antenna
becomes 47.19, of a wavelength. and for
the circular antenna becomes 94.2%,. The
effect on the gain is shown in a general

Similarly the curves of Fig. 5 show at A
the gain for the idealized turnstile spacing
of a half-wavelength and at B for the
practical spacing of .471 wavelength, in-
cluding the —0.5 db correction for the
horizontal pattern.

The corrected gain curves are next
shown plotted together in Fig. 6. The cir-
cular antenna compares very favorably
with the turnstile up to the maximum of
bays considered practical for the turn-
stile. namely 10, both in gain per bay and
gain for a given height.

With regard to the latter, some addi-
tional studies are desirable, first where the
antenna is mounted on a tall building, and
second where the antenna is mounted on a
tall tower.

In the first case we can negleet, for sim-
plicity, the change in received field inten-
sity for small changes in average antenna
structure height. That is, the field will
rary dircetly as the antenna gain. The
important point is: how high must the
upper bay be above the top of the building
for the same performance? Curves .\ and
B in Fig. 7 show these requirements,
based on the same height of the lower bay
above the building, namely, one wave-
length. But the circular antenna has con-
siderably less radiation vertically than the
turnstile, so the limiting height of the
lower bay need not be the same as for the

i l
== S L 1 e —— =
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ANTENNA
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- + I =
b
-
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SPACING OF BAYS IN WAVELENGTHS

FIG. 3. COMPARISON OF GAIN WHEN SPACING BETWEEN ANTENNA BAYS IS VARIED

way by the curves of Fig. 3, where we have
chosen to compare the six-bay turnstile
and the four-bay circular because these
values give approximately the same ideal-
ized gain values. Note that the gain for
the half-wavelength-spaced units is de-
creased, while the gain for the wavelength-
spaced units is increased.

The practical results with the circular
antenna are shown in Fig, 4, where A is
the curve for the idealized full wavelength
spacing and B is the curve for a spacing of
942 wavelength.
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turnstile, for the same degree of im-
pedance reaction or for the same degree of
disturbance of the radiated field. Curve C
shows the effect of placing the lower hay
of the circular antenna at only one-half
wavelength above the building.

In the second case the importance of the
height of the antenna structure proper is
very much reduced because the important
factor now is: what is the total height to
the top bay? For this strueture, the center
of two antennas of the same gain must be
the same height above the ground to give
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the same radiated field for a given power.
The result is that any difference in height
of the antenna proper appears in the final
height by only half that difference. The
tower for the highest antenna proper will
be shorter than for the lowest antenna
proper. Thus, for gain values above the
‘alue where the turnstile height is less
than the circular height, namely, above
4.2 gain in db, the circular antenna will
project higher into space, but the tower
will be shorter. In this regard. it is inter-
esting to note that the tower structure
costs more per foot at the junction region
than the pole, so this is not exactly unde-
sirable. The height of the top bay on a
comparative basis is shown in Fig. 8, giv-
ing the necessary values for different dis-
tances to the 1000 microvolt-per-meter
contour for the same transmitter power.
This information is not new in a strictly
engineering sense, but it presents the in-
formation in a form that may be more
readily appreciated in its true light, and is
most useful to FM engineers.
Consideration must also be given to the
number of bays required to do a given job
and the general appearance of the struc-
ture that results. To do this fairly we have
chosen the two arrangements which are
the nearest in performance, the six-bay
circular and the ten-bay turnstile. Fig. 9
shows an outline of the entire structure
for an average height for the center of the
antenna proper. It should be clear from
these diagrams that a consideration of
extreme height alone is not sufficient to
establish a choice for a radiator system.

Calculated Field Intensity Contours at Normal
Heights * Tn the preceding section, we dis-
cussed the relative gain of the turnstile
antenna and the circular antenna. In this
part we shall apply the information de-
rived for the latter, to make available in
the convenient form of curves showing the
coverage to be expeeted from this antenna
in different sizes. This information is
necessary in order for a prospective FM
broadcaster to supply the proper informa-
tion for a license, as prescribed hy the
FCC. The FCC has provided most of this
information in the form of a set of curves,?
so that substantially the only unknown is
the gain of the antenna system under con-
sideration. However, with a given antenna
it is possible to present the information in
a much more appropriate manner so that
the prospective user will become familiar
with the important effects of antenna
heights and transmitter power. Accord-
ingly. curves are given for the several
standard sizes of circular antennas which
the General Electric Company has de-
veloped for manufacture after the war.

3 “Standards of Good Engineering I’ractice Con-
cerning High Frequency Broadeast Stations', avail-
able from the Federal Communications Commission,
Washington, 1), C.
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For each antenna size we have ex-
tracted from the FCC curves,® the neces-
sary data to plot two new sets of curves,
Figs. 10 to 14, showing the radius of the
ficld intensity contours versus average an-
tenna height above the ground. One set of
curves corresponds to the 50 microvolt-
per-meter contour for suburban coverage
and the other corresponds to the 1000
microvolt-per-meter contour for metro-
politan coverage. One curve has been
drawn for cach of the standard transmit-
ter sizes, and a transmission line efficiency
of 909, has been assumed.

For any other transmitter power and
for any considerable deviation from the
assumed 109 power loss in the transmis-
sion line, it is possible to determine the
contour position by simple interpolation.
Normally. this interpolation is not very
accurate when the curves are spaced in a
fogarithmic manner such as these. How-
ever, for the relatively low transmitter
antenna  heights  under consideration,
there is a practical relationship between
the effective radiated power (ERP) and
the antenna height which can be used to
advantage over small ranges of distance.
For a given distance, the product of ERP
and the square of the antenna height is a
constant. Therefore, for a variation from
the specific values used on these curves of
cither transmitter power, transmission
line efliciency, or even antenna power
gain, it is possible to choose a modified
value of antenna height to determine the
correct contour distance. Thus the per-
formance of an FM broadeast transmitter,
under any given set of conditions, can
be predetermined with considerable ace-
curacy.

Examples * 1. Given a transmitter power
of 5 kw. and a four-bay antenna connected
with a line of 909 cfficiency: What is the
50-microvolt-per-meter contour distance
for average heights of 30, 100, 150 and 200
ft.* Refer to Fig. 12 and follow the 5-k.w.
line in the upper group of curves to its
intersection with the vertical antenna
height lines of 50, 100, 150 and 200 ft. The
contour distances are 32.4, 40.4. 45.5 and
49.6 miles respectively.

2. Suppose that a location on a building
is chosen that will give 200 ft. average
antenna height. And suppose that it s
possible to locate the transmitter near the
antenna with a transmission line only 50
ft. long, at the bottom of the building with
a line €50 ft. long. or more conveuniently in

an adjacent building with a line 500 ft.

long. Suppose also that the manutacturer
of the line gives a value of loss for the line
of 0.25 db per 100 ft. What is the change
in contour distance that will result from
these choices of transmitter location?
First it is necessary to convert the loss
in db (values of 0,125, 0.625 and 1.25 db

respectively) to percentage of transmitter
power available at the antenna, using the
famihiar relationship:

Change in Power in

TR,
db = 10 logy, M
Power In

The result is percentage power values of
972, .866 and .750 respectively. Convert-
ing these values of power ratio into new
antenna heights we get 207.8, 196.2 and
182.5 ft. respectively. The distances, from
Fig. 3, come out 50.0, 49.2 and 48.1
respectively.

It must be added that these curves ap-
ply to a transmitted frequency of 46 mc.
and, because of the reference, assume
average earth constants of a dielectric
constant of 15 and a conductivity of
5 X 10~ electromagnetic units and a re-
ceiving antenna height of 30 ft.

This at once brings up a question. What
is the effect of operation at other than 46
me.” This effect is shown in Fig. 13,
where the necessary correction in contour
distances is indicated when that distance
has once been determined at 46 me. The
correction holds very properly up to 500
feet in transmitting antenna height and
beyond this has some error, but it is of the
second order in magnitude.

3. Suppose that in our considerations of
antenna height, it is also found necessary
to consider a frequency assignment of
43.1 me. From Fig. 15 we find that all the
corrections are negative, —0.6 for 32.4
miles, —0.5 for 40.4 miles and —0.45 for
49.6 miles or that the net mileages for 43.1
me. are 318, 39.9 and 49.15 respectively.
These corrections are not of much sig-
nificance alone, but it is desirable for the
user to know about the general trends, at
least,

4. Another point to consider is the mat-
ter of horizontal antenna pattern. The
contour values are based on the mean
horizontal field strength, so that in certain
directions the distance will be greater than
the curves indicate and in other directions
it will be less. The variation is indicated in
the right hand curve of Fig. 1, which
represents the caleulated form. This curve
should he used to orient the antenna so as
to take advantage of the direction of
strongest radiation.

The propagation curves are by no
means limited to the cireular antenna. On
cach curve the power gain of the antenna
under consideration is indicated. The
product of this factor and the power into
the antenna gives what s commonly
known as effective radiated power or
ERP. To use these curves for any other
antenna, therefore, it is only necessary to
know the power gain of the antenna and
contour distances can be determined by
interpolation.

The conclusion of this paper will appear
i the June issuc.
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MEMORANDUM ON SPORADIC E INTERFERENGE

Facts Goncerning the Extent and Duration of Sporadic E Interference Under Various Conditions, on
Which Agreement Has Been Reached with the Engineering Department of the FGC

SpiTor's NoTE: Major . Armstrong also
submitted a memorandum on 2 interfer-
ence and another on Tropospheric transmis-
sion, presumably giving further information
on the errors found in Kenneth Norton’s
testimony, on the basis of which the FC( kad
proposed to shift FM broadcasting to a
higher part of the spectrum. These memo-
randa, however, deal with discussions at the
secret hearing, and have not been released by
the FCC for publication.

HIS memorandum (dated April 235,

19435) is prepared at the request of Com-
missioner Denny in order to put in more
concrete form an agreement reached with
the Engincering Department as to the
facts concerning the extent of, and dura-
tion of, Sporadic E interference under
various conditions.

On the occasion of a discussion which I
had with the Engineering Department, it
was agreed that the figures which I gave
in interpreting the Commission’s data on
the amount of Sporadic E interference,
both in my testimony and in the brief,
were correct and no exception would be
taken to them. No agrecement was reached
as to the conclusions to be drawn from
these figures.

Four conditions of interference based on
these figures which have been agreed to
will he considered:

1. Interference between two PPaxton
type transmitters on 44 megacycles.

2. Interference between two Paxton
type transmitters at 60 megacycles.

3. Interference between twenty Pax-
ton type transmitters at 60 megacycles,
or full channel occupancy.

4. Interference between two local
type stations, each capable of covering
40 to 50 miles.

The basis of the analysis of the two
Paxton type transmitters will be taken
from page 19 of my brief, which quotes a
statement made by Mr. Allen during the
discussion of his paper (Exhibit 593).
Referring to the extent of the interference
due to Sporadic E transmission between
two Paxton type transmitters located at
optimum distances of 500 to 1,000 miles
apart, Mr. Allen said:

*How severe is that? Well, of course
Sporadic ‘E’ on a station the size of I’ax-

* Department of Electrical Euagineering, Columbia
University, New York City.

BY MAJOR EDWIN H. ARMSTRONG *

ton, where you started out with 18,000
square miles in the primary area, for one-
tenth of 1% of the time you would reduce
that area to 9,200 square miles, or almost
one-half, if you had a receiver which was
capable of rejecting a co-channel station
which was half as strong as the desired
signal, that is, the Sporadic ‘E’ interfer-
ence expected for one co-channel station
at a distance, an optimum distance, of 500
to 1,000 miles for one-tenth of 1% of the
time” (p. 4697).

Loosing one-half the area corresponds to
a loss of approximately three-tenths of the
range. On the basis of this statement then,
seven-tenths of the range would be served
perfectly for 99.9% of the time. A man
living at the seven-tenths range point
would, if he listened eighteen hours a day
for one year to the single station in ques-
tion, receive approximately 615 hours of
interference during the year.

However, if the frequency of the two
Paxton type transmitters were changed to
60 megacyecles, this interference would be
reduced to one-tenth of this value, or
approximately 40 minutes for a man who
listened 6,570 hours a year. Since this is
obviously the practical place to operate
stations of the Paxton type, interference
conditions will be considered here in more
detail.

At a point midway between the seven-
tenths range point and the 50-microvolt
contour point — or at 85% of the range
— approximately four times this amount
of interference, or 160 minutes, would be
experienced, provided the listener stayed
tuned to the station in question for the
whole year (18-hour day).

I do not want to be understood as say-
ing that anything in the radio art can be
predicted or calculated to an accuracy of
minutes such as this. I do, however, say
these figures follow inexorably from the
measurements which have been made at
the four monitoring stations over a period
of a year by the Commission’s staff and
from Fig. 3 of Exhibit 380, which is de-
rived from the data of the Washington
Burcau of Standards. These figures do,
however, give a general idea of the nature
of the effect of Sporadic L.

The figures quoted above represent the
interference which may be expected be-
tween fwo stations of the Paxton type.
For full channel oceupaney Mr. Allen has
taken a figure of twenty stations and esti-
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mates on the basis of probability that the
interference time from one station might
be increased five-fold (page 19 of my
brief). Under such conditions this would
increase the interference time at the seven-
tenths range point to 200 minutes, and at
the 85% range point to 800 minutes.
These figures are, of course, also for the
whole year and an [8-hour listening day.

It is now in order to see just what this
assumption of twenty Paxtons might
mean in a practical way. On the basis of a
100-channel assignment to FM, and as-
suming that 50 of them be allotted to high
power stations, full chanuel occupancy of
twenty high power stations to a channel
would be arrived at when there were
1,000 Paxton type stations in the United
States!

It is needless to add that such a situa-
tion could not possibly be brought about
within five years, if in fact such a number
of stations could be built within that time.
If the figures of interference mentioned
should ever become of any practical im-
portance as stations are added to a chan-
nel (which I do not believe they will), then
there will be ample time to meet the situa-
tion by automatic boosters. The trend in
broadcasting development will be to put
these in in any event, so that the whole
question will probably be moot long be-
fore anything like full chaunel occupancy
is approached.

While the duration of the expected in-
terference has been given in terms of min-
utes, the percentage value of perfect serv-
ice rendered gives perhaps a better picture
of the factors with which we are dealing.
Seven-tenths of the range will be served
with full channel occupancy 99.95% of the
time perfectly. 85% of the range will be
served 99.80% of the time perfectly. For
interference between two stations alone,
the corresponding percentages of perfect
service will be 99.99 and 99.96 percent of
the time, respectively.

On page 20 of my brief ! it is established
that interference between two stations
capable of covering 35 miles does not oc-
cur. The case considered was for operation
on 44 megacycles. During the closed hear-
ing it was likewise established that inter-
ference between stations having lesser

(CONTINUED ON PAGE 80)

1 The complete text of Major Armstrong’s brief was
published in FM aNo TevevisioN, March, 1945 —
Editor's Note.
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SPOT NEWS NOTES

Charles R. Denny, Jr.: Former General Coun-
sel of the FCC was confirmed as Commis-
sioner on March 25th. The yvoungest man
ever nominated to this highly responsible
position, Commissioner Denny has a bril-
liant record in Government service.

Born in Baltimore April 11, 1912, he
attended public school in Washington,
D. C., was graduated from Ambherst in
1933 and from Harvard Law School in
1936. Following two years’ association
with a Washington law firm. he served in
the Lands Division of the Department of
Justice first as attorney, then assistant
chief, then as chief of the Appellate
Section,

As General Counsel of the FCC since
October, 1942, he supervised the work of
some 60 lawyers in the Law Department.
During the Allocations Hearing and the
subsequent Oral Argument, the industry
saw him in action during his admirable
handling of more than 200 witnesses, when
he displayed an amazing grasp of the com-
plex problems and the many aspects of fre-
quency assignments. A Democratic mem-
ber of the FCC, Commissioner Denny’s
term will expire June 30, 1951,

UERMWA-CIO Contract: The first all-inclusive
Uniform Time Study Contract, governing
time-study procedures for setting incen-
tive rates, has been signed by representa-
tives of Local 430, UERMWA-CIO and
Hammarlund Manufacturing Co., Inc.
Labor and management organizations can
obtain copies of this contract from the
local office at 139 Fifth Avenue, New York
City.

3095 Price Increase: According to Mort N.
Lansing, analyst of the Specialties Unit,
Bureau of Foreign and Domestic Com-
merce, postwar increases in labor and
materials costs will up prices of home radio
sets 30% over 1941 levels. Of postwar
sales: “It is believed that, at least on a
short-time basis, FM will be much more
important on account of its more general
utility and the fact that sound broadcast-
ing techniques have been developed al-
ready. As television broadcast techniques
are perfected, television sales will become
increasingly lower.”

o]
.o
o}
o}
o
o]
ASSOCIATED POLICE COMMUNICATION OFF ICERS,
© WIgXSC, HELDERBERG, NEW YORK
0
ATTENTION M,B, SLEEPER: 7_
o He 4
o) THIS MESSAGE IS BEING TRANSMITTED FROM THE CAMPBELL AVENUE GENERAL
ELECTRIC PLANT BY THE |,B,M, RADIOTYPE, A DISTANCE OF 12 MILES,
© SO THAT THE ACTUAL RECEPTION CAN BE REPRODUCED IN FM AND TELEVISION
o) MAGAZINE,
O H.H, SPITZER,
o) 1.8.M, CORP, RADIOTYPE DIVISION

36

Items and comments, personal and other«
wise, about manufacturing, broadcasting,
communications, and television activities

Consolidation; Jefferson-Travis Radio Mfg.
Corporation has filed a certificate of con-
solidation under which it has merged with
the Fonda Corporation. assuming the
liabilities and assets of the latter. The two
concerns will now be operated under the
name of Jefferson-Travis Corporation, 245
Sast 28rd Street, New York City.,

Will Whitmore: Advertising supervisor of
Western Electric Company, and widely
known to communications and broadcast
engineers through the pages of ’ick-Ups
which he originated and edited, has been
named advertising manager, to succeed
the late H. W. Forster.

A native of the Lone Star State, he at-
tended the University of Texas as a stu-
dent of electrical engineering, then trans-
ferred to the School of Journalism at
Northwestern University where he was
graduated in 1926. In 1929, he joined the
Western Electric organization. Will Whit-
more’s ardent interest in photography and
motion pictures is reflected in the hand-
some illustrations which characterize
Western Electric technical literature and
advertising.

Radiotype Demonstration: The message repro-
duced on this page was transmitted and
received by I.B.M. Radiotype machines.
A modified I.B.M. electric typewriter is
used in this system to type the message
and, at the same time, to perforate a tape,
The tape is then used to transmit audio
frequency impulses, Another electric type-
writer, connected to the output of a radio
receiver, is actuated directly by the im-
(CONTINUED ON PAGE 65)
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NEWS PICTURE

N April 20th, when General Electric
was host to the New York State
Chapter of the Associated Police Com-
munications Officers, members were given

a demonstration of G.E. 161-mc. 2-way
FM equipment. In addition, at the Helder-
bergs television station, they watched the
operation of International Business Ma-
chines’ Radiotype, receiving messages on
35.46 me. from Schenectady. The Radio-
type, a tone-operated electric typewriter
working at 150 words per minute, is suit-
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able for use over any police radiophone
system. In this picture, Milton Sleeper,
editor of FM anp TELEvIsION, is looking
at the message reproduced on the opposite
page. At his right is I.B.M. engineer A.
C. Holt. Radiotype printers will be used
on the Schenectady-Washington relay
G.E. and L.LB.M. are preparing to install.
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100- TO 165-MC.
'MOBILE UNITS

New Models Designed for Post-
war Police and Railroad Service
Reflect New Trends

BY G. A. LEAP*

UR approach to the design of the mo-

bile communications equipment shown
in the accompanying illustrations is
through our experience with aireraft ra-
dio apparatus. This has certain advan-
tages. First and foremost. we have had a
long but eventually successful battle
against vibration, arch enemy of all air-

*Chief Development kEngineers, Communications
Company, Inc., Coral Gables 34, Fla,

FI1G. 2. BELOW: SIDE VIEWS OF THE 100- TO 165-MC. RECEIVER,
SHOWING COMPACT DESIGN MADE POSSIBLE BY THE USE OF

MINIATURE TUBES

FIG. 1. FM RECEIVER, LEFT, AND TRANSMITTER FOR 15, 25, OR 50W. OUTPUT

craft instruments. I think those who have
shared our experience will agree that any
mobile service on cars or locomotives is
easy going for equipment that stands up
in commercial and military flying.

Also, we have employed many tricks
which are old to us but new to mohile ap-
paratus design, all drawn from what we
have learned in maintaining output and
frequency constant under far more severe

conditions of temperature, humidity. and
mechanical shock and strain than are en-
countered on the ground. These refine-
ments are built into the FM models il-
lustrated here.

The receiver, shown at the left in Fig.
1 and in Figs. 2 and 3, is intended for
operation at any frequency from 100 to
165 me. In addition, by a simple circuit
change. it can be made to operate on 30

FIG. 3. ABOVE: THE
RECEIVER CAN BE
DETACHED FROM
THIS AIRCRAFT
TYPE OF MOUNT-
ING IN A FEW SEC-
ONDS, MERELY BY
TURNING THE
SMALLTHUMBNUTS
AT THE FRONT
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to 40 mc. Thus, it has the advantage that -
it can be used now in any system operat- [
ing in the lower band, and changed later
if the system is shifted to one of the new
frequencies.

On the upper band, the circuit employs
dual conversion with a single crystal and
triple detection. or single conversion on
the lower band. One RF stage and four IF
stages at the second IF {requency are used.
Al 13 tubes are standard A-N miniature
types. making it possible to provide ac-
cessibility to cvery part. and yet kecp
down the size of the case to 5 by 6 ins., ‘
with a depth of 10 ins. ‘

As Fig. 1 shows, both the receiver and
transmitter are carried on ATR mounts
which are now standard for all aircraft
cquipment. The shock-absorbing effect of
these mounts cuts down to a large extent
the wear and tear on equipment fastened
directly to floor boards of the rear bag-
gage compartment of an automobile, while
in railroad service this type of mounting
1s absolutely essential.

The FM transmitter, shown at the right
i Fig. 1 and in Fig. 4, uses crystal-
controlled phase-shift modulation. It can
be supplied for any one of three output
ratings. With an 832-A tube in the final
stage, the output is 15 watts, while with
an 829-B the output is 25 watts or 50 |
watts, depending upon the plate supply.
Of the 10 tubes used in the transmitter,
all but the last two are receiver types.

Accessibility has been stressed in the
design of this unit, with the result that
any part can be removed quickly and eas-
ily without disturbing other components.
This is in accordance with the require-
ments of aircraft radio practice, and is of
equal importance to mobile equipment.

When these units arc used for police,
truck, or taxi service, a vibrator furnishes
plate voltage for the receiver, and a
6-volt dynamotor supplies the transmitter.
For railroad use and fixed services, power
supplies are available for operation from
32, 64, or 110 volts DC, or 110 volts AC.
A dynamotor, controlled by a push-to-
talk switch, furnishes plate voltage to
the transmitter, with a converter to supply
volts AC to the receiver power unit.

It is interesting to note that the an-
tenna for 146-me. operation is only 185 ins.
long. Thus it can be mounted on a locomo-
tive or caboose at a position where most
efficient operation can be obtained without
interfering withbridges, tunnels, signal tow-
ers, or other objects along the right of way.

The models shown here are the first of
a series of FM units which will cover the
requirements of all new communications
frequencies made available under FCC al-
locations above 30 mc.

FIG. 4. THREE VIEWS OF THE FM TRANS-
MITTER. THERE IS NO CROWDING OF PARTS
IN THIS COMPACT DESIGN
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IN THIS DIAGRAM, EACH AMPLIFIER BLOCK IS MARKED WITH NUMBERS COR-

RESPONDING WITH THE UNITS TO WHICH IT CAN BE CONNECTED

BETTER WAYS TO MEET LISTENERS' NEEDS

Part 2 — How to Plan a Glass 1 Residence Installation

HE first lesson learned from experience
in handling expensive radio installa-
tions is the need of making sure that the
customer knows what he wants, and
understands exactly what his sytem will
do for him when it is finished. Failure to
attend carefully to this initial detail may
not only cause dissatisfaction with a per-
fect installation, but may make it neces-
sary to do considerable extra work with-
out compensation before the bill is paid.

Equipment Reguired » It will be possible to
build residence installations that will
provide as many of the postwar radio,
television, facsimile, and sound services as
each member of a household wants, and
make them available wherever they are
wanted. The only limiting factor is the
amount the owner is willing to spend.

Let us analyze the equipment included
in the Class 1 installation shown in Part 1
of this series. Later, in P’art 3, we can
consider the circuit details involved.

Fig. 4 shows a block diagram of the ap-
paratus. It is divided as follows:

1. Four FM and two AM fixed-tuned
receivers with individual power sup-
plies.
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. Automatic phonograph and pre-am-
plifier.

. Wire recorder.

. Dise recorder and pre-amplifier.

. Television receiver and audio-pre-
amplifier.

6. Facsimile receiver and amplifier.

7. Power amplifiers, one for each loud-

speaker.

As Fig. 4 shows, each of the 6 loud-
speakers illustrated in Figs. 1, 2, and 3
has its own amplifier. Program selection
at each control is, therefore, accomplished
by connecting the corresponding speaker
and amplifier to one of the fixed-tuned
receivers or to the pre-amplifier of one of
the sound units. This selection is obtained
by stepping switches, actuated by tele-
phone-type dials.

There are a number of ways to control
the volume at each speaker, but the pre-
ferred method is to use a miniature re-
versing motor at the amplifier to turn the
rheostat and to actuate the Ox-Orr
switch,

A typical assembly of fixed-tuned re-
ceivers and amplifiers is shown in Figs. 5
and 6. This equipment was built by Com-
munications Company, Inc., Coral Gables,

Crowe OO

Florida. The FM and AM units in the rack
illustrated in Fig. 5 are interchangeable in
size, so that any number of each can be
employed. Space is provided above the
receivers for the stepping relays.

Three controls on each receiver permit
adjustment of sensitivity, squelch, and
output. With the latter control, the same
signal level can be obtained from each re-
ceiver, regardless of the initial signal
strength. A phone jack at the front is pro-
vided so that the performance of ecach
receiver can be checked.

The second rack, Fig. 6, carries the
amplifiers and volume controls. Each am-
plifier has an individual gain control, so
as to limit the output in accordance with
the requirements of its corresponding
speaker. This prevents blasting if the
remote-controlled volume control is turned
to maximum.

Also located in the amplifier rack is a
selenium rectifier which supplies DC to
the stepping relays, and the volume con-
trol motors.

Here, then, is the overall picture of
what is required in a system of this sort.
Details of the circuits and components,
and suggestions as to arrangements suit-
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able for meeting special conditions will
be presented in Part 3. But first we must
consider the problems of planning to meet
the individual owner’s requirements. Until
those are known, circuit details cannot be
worked out.

Planning an Installation % In a Class 1 instal-
lation, where the system is not strictly
limited as to cost, the owner can have
whatever he wants, but it is first neces-
sary for him to decide what he wants. The
first thing, then. is to list the rooms which
are to be equipped, and to list the serv-
ices to be provided in each room. In the
typical case illustrated in Part 1, these
are;

Livinae Room

Services from Speaker:
4 FM channels, 2 AM channels
Automatic phonograph

Special Equipment:
Loudspeaker
Wire recorder at piano
Automatic phonograph
Record cabinet
Faesimile recorder

2 Control boxes
DmNing Roox
between

Served by speaker located

living room and dining room
Special Equipment:
1 quiy
1 Control box

FIG._'S. THIS RACK CARRIES THE PRE-
TUNED FM AND AM RECEIVERS
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THE THREE INSTALLATIONS

S explained in Part 1 of this
series, three types of radio
installations, adaptable to the
requirements of individual own-
ers and their homes, will be de-
scribed in detail. These types will
be:

Class 1 = An installation which
includes all radio services, planned
to meet the most modern think-
ing of architects, decorators, and
radio engineers, without limita-
tion as to cost.

Class 2 — An installation pro-
viding all radio services, but
scaled down as to cost.

Class 3 — An installation com-
prising high-quality radio, phon-
ograph, and facsimile to cost
under $400, with provisions for
adding television reception.

Part 3 will present the circuit
and installation data on the
Class 1 equipment, and will ex-
plain the use of stepping relays
for program selection.

Kircnen-Main’s Rooat

Services from Speaker:

4 FM channels, 2 AM channels
Special Equipment:

Loudspeaker between the rooms

1 Control box, shared by both rooms

GuesT Rooum

Services from Speaker:
4 FM channels, 2 AM channels
Automatic phonograph

Special Equipment:
Loudspeaker
2 Control boxes

MasTER BEDROOM

Services from Speaker:
4 FM channels, 2 AM channels
Automatic phonograph

Special Equipment:
Loudspeaker
2 Control boxes

GaME Room

Services from Speaker:
4 FM channels, 2 AM channels
Automatic phonograph
Television sound
Disc recorder sound

Special Equipment:
Loudspeaker
Television projector
Disc recorder and playback
2 Control boxes

Outnoors

Services from Speaker:
4 FM channels, 2 AM channels
Automatic phonograph

Special Equipment:
Loudspeaker
1 Control box

All the units required for such a system
are included in the block diagram, Fig. 4.

- formerly FM Rapro-ELEcTRONICS

The only piece of equipment not listed
above is a separate facsimile receiver, for
which provision is made in case this serv-
ice is not duplexed on FM broadcasting.

Writing Specifications » When the plan of
the system has been laid out in such a
list as above, and the owner has an exact
understanding of what he wants and the
services which will be performed by the
installation, a set of specifications must
be drawn up and presented for the owner’s
approval and signature. These specifica-
tions must set forth:

1. Services to be furnished in each
room:

Number of FM and AM stations
selected, phonograph, television,
facsimile, ete.

2. Type and mounting of each loud-
speaker:

This should include reference to
use of permanent magnet or elec-
tro-dynamic speakers, and power
connections if speakers are to have
built-in field-supply units.

3. Design of control boxes and func-
tions of controls and number of
boxes and outlets in each room:

Description of case for each con-
trol box, and what each box will
control.

(CONTINUED ON PAGE 82)

FIG. 6. AMPLIFIERS FOR THE INDIVIDUAL
SPEAKERS ARE ON THIS RACK
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This is a story of leadership—as clean-cut, unassailable and complete as any industry
can show.

1It’s the story of RCA’s development, in all of its basic essentials, of the electronic
television system in use today. For RCA engineers contributed ALL of the essential ele-
ments of this system—including tubes and &ircuits.

RCA factories built the first transmitters and the first receivers of the type now
almost universally used. The Radio Corporation of America through its broadcasting
service—the National Broadcasting Company—installed the first commercial television
station—a station whose operating and programming technique has set a standard of
performance in the television broadcasting field.

ELEMENTS OF 7THE

TELEVIS/ON SVSTEAM

). THE ICONOSCOPE—The “clectric eye”
of the television camera. Developed by
Dr. V. K. Zworykin, RCA scientist, and
brought to a high degree of perfection
by RCA engineers.

S. THE FIELD CAMERA — The RCA field 6. REMOTE PICKUP EQUIPMENT — RCA 7. THE RELAY TRANSMITTER — The first
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pickup camera shown here is the first
camera to use the “orthicon” pickup
tube—by far the most satisfactory for
“‘outside” pickuns,

11. THE SYNCHRONIZING GENERATOR—
Furnishes the signals that key trans-
mitter and receiver together. This type
of synchronizing, now almost univer-
sally used, was developed by RCA.

engineers built the first television equip-
ment for field pickups—and the first
such equipment (shown here) for use
with the “orthicon” camera.

12. THE VIDEO TRANSMITTER — The first

commercially produced video transmit-
ter, the 4 KW model shown here, was
designed and manufactured before the
war by RCA.

transmitters to be used for television
relaying were built by RCA engineers—
the one shown here is for relaying from
a remote pickup point.

13. THE TELEVISION ANTENNA—RCA en-

gineers have designed a large number
of antennas for television. The turnstile
antenna, shown here, was developed by
Dr. G. H. Brown of RCA Laboratories.
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RCA and NBC engineers, working together, established the first television relay
system, put on the first outdoor program, the first “theatre” television, the first Broadway
play, the first baseball game, the first television from an airplane.

2.

Consider, for instance, the elements of the television system as presented on these
pages. Note that RCA engineers played a big part in developing every one of them. Add
to this the fact that these same engineers have been working 100% of their time on radio,
radar and other electronic equipment of the most advanced types for the Army and

Navy, and you can well understand the basis for RCA television leadership.

You can expect the best of all kinds of television transmitting and receiving equip-
ment from RCA—the leader from start to finish.

THE KINESCOPE — The reproducing
tube used in all present-day receivers,
Developed by Dr. V. K. Zworykin of
RCA Laboratories as part of his “all-
electronic” television system,

May 1945

BEAM ANTENNAS — Beam antennas
such as the one shown here, which may
be used with the relay transmitter
shown at left, are largely based on
original RCA research.

"BIG SCREEN’’ RECEIVERS — RCA engineers designed and RCA
factories built the first home television receivers. Their newest
contribution, shown here, is the home receiver with a built-in,

3. THE ""ORTHICON' — The high-sensi-

tivity pickup tube, which requires much
less light and hence makes outside pick-
ups practical. Developed by Dr. Rose
and Dr. Iams of RCA Laboratories.

Q. THE FILM SCANNER — The arrange-

ment which allows standard motion
picture films (24 frames) to be tele-
vised over a 30-frame, interlaced sys-
tem was devised by RCA engineers,

10.

THE STUDIO CAMERA — Deluxe-type
studio cameras shown here were first
designed and built by RCA. Cameras
of generally similar design are now
used in nearly every television studio.

THE MONITOR EQUIPMENT —The sys-
tem of monitoring several video chan-
nels by means of a picture tube and an
oscilloscope for each channel was first
used by RCA engineers.

For Everything in Television

RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION -+ CAMDEN, N. J.

large-size screen for comfortable viewing from any point in an
average-sized living room. Picture is unretouched.

formerly £'’M Rapio-ELECTRONICS
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BROADCASTING &
COMMUNICATIONS

HANDBOOK

Ghapter 4. Introduction to FM Transmitter Circuits and Discussion of Reactance-Tube Modulators

HE preceding chapters have described

the ditferences that exist between FM
systems operating at very high carrier
frequencies and AM systems operating at
frequencies of a much lower order. It was
noted that FM has a number of distinet
advantages over AM, the most important
being the inherent ability of a well-de-
signed FJM system to reduce greatly the
effects of interference and noise, provided
that the strength of the deSired signal at
the limiter of the FM receiver is two or
more times the strength of the dis-
turbances.

Other important advantages of FM
were also explained, such as the improved
efficiency obtainable in the FM transmit-
ter, and the greater realism of reproduc-
tion found in a properly engineered FM
receiver. Moreover, it was shown that at
the very high frequencies employed with
FM, better and more consistent coverage
is obtained within the intended service
area than with AM, and that the FM
service area is the same after nightfall as
during the daylight hours.

It is proposed next to describe the ac-
tual methods whereby FM signals can be
generated.  transmitted, and  detected.
While the discussion to follow will give
primary attention to the basic principles
of different methods, additional details of
circuit arrangements will be given in later
chapters, where the features of commer-
cial transmitters and receivers will be
described. The present Chapter and Chap-
ter 5 will deal exclusively with methods for
generating FM signals.

FM Transmitter Design Considerations » In order
to obtain the full benefits of the FM sys-
tem and to minimize the possibility of
interference between stations, it is neces-
sary that the FM transmitter output have
a wide frequeney deviation during modu-
lation and a stable center frequency. Spe-
cifically, the output of the FM transmitter
must have the following characteristics:

1. The amplitude of the output must
remain constant during modulation,

2. The’ radio frequency of the output
must be varied at a rate corresponding to
the frequency of the audio modulating
voltage.

3. The frequency deviation of the out-
put must be proportional to the amplitude
of the audio modulating voltage, but inde-
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pendent of the frequency of the audio
modulating voltage.

4. The accepted compromise value for
maximum frequency deviation of the out-
put, occurring at the highest peaks of
audio modulating voltage, is five times the
highest modulating frequency. In FM
broadcast service, where the highest
modulating frequency is 15,000 cycles, the
FCC specifies a maximum frequency devi-
ation of 75,000 cycles and, in communica-
tions services, where the highest modulat-
ing frequency used in speech transmission
is 3,000 cycles, the specified maximum
frequency deviation is 15,000 cycles. If the
maximum frequency deviation is less than
five times the highest modulating fre-
quency, the channel assigned by the FCC
is not entirely utilized, and full advantage
is not taken of the noise and interference
reduction made possible by the FM sys-
tem. On the other hand, if the deviation
exceeds five times the highest modulating
frequency, there is danger of creating in-
terference  with  stations on  adjacent
channels.

3. The frequency deviation must be
symmetrical about the assigned carrier
frequency and the center frequency stabil-
ity must meet the following FCC require-
ments: For FM broadecasting the center
frequency of the transmission shall at all
times be within 2,000 cycles of the as-
signed carrier frequency of the station.
For mobile communications transmitters,
the maximum permissible drift of the cen-
ter frequency from the assigned value is
+.02%. and for fixed communications
transmitters, + .01%.

In view of the fact that Frequency
Modulation involves a continual variation
of the frequency of transmission, the cen-
ter frequency stability requirements men-
tioned above are quite exacting. However,
an equally high degree of frequeney stabil-
ity is necessary with FM as with AM, in
order that interference will not be created
in adjacent channels, and that receivers,
once they are tuned, will give satisfactory
reception continuously, without requiring
readjustment to compensate for center-
frequency drift at the transmitter.

There are a number of methods
whereby frequency-modulated signals can
be generated. The methods in common
use, however, may be divided into two
distinet systems. The first, which involves

the use of the reactance modulator, will be
described in this Chapter. The frequency
stability of this system in its most simple
form is relatively poor, but the stability
can be improved greatly by the use of
auxiliary frequency-correction circuits,
The second system employs the Arm-
strong phase-shift modulator, and will be
described in Chapter 5. The Armstrong
system has inherently good stability,
since the center frequency is established
by a crystal-controlled oscillator.

Reactance Modulation * In the rcactance
modulation method of generating FM
signals, the frequeney of the oscillator is
varied by the direct action of an associated
tube and cireuit called the reactance-tube
modulator. Before considering the man-
ner in which the variation of the oscillator
frequency is effected by the modulator, it
is advisable to review briefly the factors
which govern the natural frequency of an
RF oscillator.

Strictly  speaking, the operating fre-
quency of an oscillator is not exactly the
resonant frequency of its tuned circuit,
However, there is only a slight ditference
between the resonant frequency of the
oscillator tank and the actual frequency
generated by the master oscillator circuit
of a transmitter, where low-loss coils and
condensers are used in the tank and where
the load of the following buffer stage is
relatively light.

It is customary, therefore, to speak of
the induetance and eapaeity of the oscilla-
tor tank as comprising the frequency-
determining circuit, and to regard the oscil-
lator frequency as being the resonant
frequency of the oscillator tank.

The resonant frequency of the oscillator
tank depends on the product of the tank
inductance and the tank capacity. If
either the inductance or capacity is in-
creased, the LC product is increased, and
the period of oscillation is made longer, so
that the oscillator operates at a lower fre-
quency. On the other hand, if either (" or L
is decreased, the L product is decreased,
and the oscillator operates at a higher
frequency.

The exact manner in which the resonant
frequencey is related to the LC product
will now be examined, with a view toward
finding a way in which the frequency of
the oscillator can be varied without
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changing the inductance of the tank coil
and without readjusting the capacity of
the tank condenser.

At the resonant frequency. the opposi-
tion to the flow of alternating current
offered by the tank coil, called the induc-
tive reactance, is equal to the opposition to
the flow of alternating current offered by
the tank condenser, called the capacitive
reactance.

Inductive reactance, the opposition
found in coils, has the effect of limiting the
current flow and causing the current to lag
behind the voltage applied to the coil by
90°. Inductive reactance varies directly as
the frequency and directly as the in-
ductance of the coil, according to the
relation:

X, =enFL m

in which .\, represents the inductive re-
actance in ohms, F the frequency in
cyeles, and L the inductance in henrys.
Capacitive reactance, the opposition
found in condensers, also limits the cur-
rent for any applied voltage, but causes
the current to lead the applied voltage by
90°. Capacitive reactance varies inversely
as the frequeney and inversely as the
capacity, as shown by the expression:

1

X =
T riC

()
in which X¢ represents the capacitive
reactance in ohms and € the capacity in
farads.

At the resonant frequency, the indue-
tive and capacitive reactances are equal.
That is, at the resonant frequencey:

®)
()

The resonant frequencey, in terms of L
and (", is found by solving equation (3) for
A {
I, which gives the familiar relation:

or XN, =X\,

I = )

1

2/ L

Thus, for any given values of circuit in-
ductance L and capacity €, there is but
one resonant frequency, regardless of
whether large L is used with small (' or
small L with correspondingly large (.

Consider now the oscillator circuit of
Fig. 32. The inductance of the tank coil in
this particular case is 15.92 microhenrys
(.00001592 henry) and the tank capacity
is 1,592 micromicrofarads (.000000001392
farad). By the use of equations (1), (2),
and (3), it is found that the resonant fre-
quency of the tank is 1,000 ke., and that
the values of capacitive and inductive
reactance offered by the tank coil and con-
denser are 100 ohms each, as noted in Fig.
33.

Therefore, if voltage at a frequency of
1,000 ke. is present across the tank, the

current in the inductive branch will be
equal to the current in the capacitive
branch of the tank. However, the current
in the capacitive branch will lead the vol-
tage by 90° while that in the inductive
branch will lag by 90° as shown by the
small vector diagrams in Fig. 33

OSCILLATOR
TANK

OSCILLATOR
TUBE

TANK
vOL-~
TAGE

L=1592 K. |
cE=1,502ppF T
F = 1,000 KC.
HIGH
VOLTAGE

FIG. 32. CIRCUIT OF CONVENTIONAL
UNMODULATED OSCILLATOR

Now suppose that a variable capacitive
reactance of 1,000 ohms at 1,000 ke. is
connected in parallel with the tank con-
denser, as shown in Fig. 34 at the left. The
net capacitive reactance offered by two
capacitive reactances in parallel can be
determined by
NXe X X¢,
4\'0 A\'(‘l

This is similar to the procedure employed

(6)

net capacitive reactance =

[ ' - ]

' € €
| I 7 [, (
Ry -
! !
l oo S VOLTAGE
o 3 AT 1,000 KC.
L '

FIG. 33. REACTANCE RELATIONS OF
CIRCUIT SHOWN IN FIG. 32

to find the net resistance offered by two
resistors in parallel. It is found in this case
that the equivalent capacitive reactance
of 1,000 ohms in parallel with 100 ohms is
90.9 ohms.

Thus at 1,000 ke., the net capacitive
reactance of the variable capacitive reac-
tance in parallel with the tank condenser
(90.9 ohms) is less than the inductive re-
actance of the coil (100 ohms). Also, the
90° leading current in the capacitive
branch will be greater than the 90° lagging
current in the inductive branch by the
amount of current flowing in the extra
path provided by the variable capacitive
reactance. In short, when the variable
capacitive reactance is connected across
the oscillator tank condenser, the resonant
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frequency is no longer 1,000 ke., and the
oscillator adjusts itself to a new frequency.

The frequency to which the oscillator
adjusts itself in this case is 953 ke. At this
frequency, the inductive reactance of the
tank coil, which varies directly as the fre-
quency, is decreased from 100 ohms at
1,000 kc., to 953/1000 X 100 or 95.3 ohms
at 953 ke, The combined capacitive re-
actances, which offer a net capacitive
reactance of 90.9 ohms at 1,000 ke., vary
inversely as the frequency and therefore
assume a value of 90.9 X 1000/953, or
95.3 ohms at 953 ke.

Thus the oscillator. by adjusting itself
to a lower frequency, brings the capacitive
and inductive reactances into equilibrium,
as shown in the right-hand diagram of Fig.
34. The total 90° leading current will
equal the 90° lagging current and opera-
tion as the resonant frequency is main-
tained.

If the value of the variable capacitive
reactance in parallel with the tank con-
denser is changed to less than 1,000 ohms
at 1,000 ke., the oscillator will adjust itself
to a frequency lower than 953 ke. to.
restore operation at the resonant fre-
quency. On the other hand, if the value
of the variable capacitive reactance is
greater than 1,000 ohms at 1,000 ke., the
oscillator will shift to a frequency higher
than 953 ke.

Now, if the capacitive reactance
shunted across the tank condenser is va-
ried at an audio rate, the oscillator fre-
quency will also vary at the same rate in
order to maintain continuous operation at
resonant frequency. In this manner fre-
quency modulation of the oscillator output
can be obtained.

The shunted capacitive reactance vary-
ing at an audio rate can be in the formof a
condenser microphone upon whose dia-
phragm sound waves are impinging.
Such an arrangement was mentioned in
Chapter 1, but it is hardly practical for
most applications because the microphone
must be part of the oscillator circuit.

The eficct of varving capacity can be
produced artificially, without actually
varying a condenser, by introducing a
variable capacitive reactance across the
oscillator tank condenser, as shown in the
preceding  paragraphs. Such a variable
capacitive reactance can be furnished by
the reactance-tube circuit. which is shown
connected to the oscillator in Fig. 35.

The tube used in the reactance-modula-
tor stage is of the variable-mu type, whose
gain can be varied by changing the grid
bias. The tank voltage of the oscillator is
applied to the series network RC and also
to the cathode and plate of the reactance
tube. The capacitive reactance of C at the
oscillator frequency is very much greater
than the resistance of R. Hence the cur-
rent through RC leads the tank voltage of
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FIG. 34. EFFECT OF PUTTING VARIABLE CAPACITIVE REACTANCE ACROSS OSCILLATOR TANK CONDENSER. LEFT: NON-RESONANT

CONDITION AT ORIGINAL FREQUENCY. RIGHT: CONDITION AFTER OSCILLATOR HAS SHIFTED FREQUENCY

the oscillator by 90°, The voltage across
R. in phase with the current through it,
also leads the tank voltage by practically
90°. Thus the grid of the reactance tube
receives an excitation voltage from R that
leads the tank voltage applied to the plate
and cathode of the tube by practically
907,

If the reactance tube were biased so
negatively that no plate current whatever
could flow in the tube, the frequency of
the oscillator would be unaffected by the
presence of the reactance-tube circuit.
(The impedance of the voltage-dividing
phase-shift network RC is too high to af-
fect the oscillator frequency appreciably.)
Thus, the oscillator frequency would be
determined by the tank coil inductance
and the tank condenser capacity.

If the negative bias should be reduced
sufficiently to permit a small plate current
to flow in the reactance tube, and if there

quency of the oscillator would not be
affected appreciably,

Actually, however, the resistor R of the
RC network furnishes an excitation to the
grid of the reactance tube at the frequency
of the oscillator, but leading the oscillator
tank voltage by 90°. Since the plate cur-
rent is much more sensitive to a change in
grid voltage than in plate voltage, the tube
permits the flow of a 90° leading current
through it with much greater ease than an
in-phase current. Thus, with respect to the
oscillator tank voltage, the reactance tube
of Fig. 85 provides a capacitive reactance
across the oscillator tank condenser, the
effect of which is to cause the oscillator to
adjust itself to a lower frequency in order
to maintain resonant operation.

Morcover, the magnitude of the 90°
leading current allowed to flow in the re-
actance tube depends on the mutual con-
ductance of the tube, that is, on the

- —_— = = = =
‘ REACTANCE OSCILLATOR OSCILLATOR
’ TUBE TANK TuBE
| L  PHasE- l
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F1G. 35. THE VARIABLE CAPACITIVE REACTANCE SHOWN IN FIG. 34 IS HERE RE-

PLACED BY A REACTANCE TUBE TO VARY THE OSCILLATOR FREQUENCY

were no U1 voltage on the grid of the tube,
the effect would be that of shunting the
plate resistance of the tube across the os-
cillator tank. Since the plate current of the
pentode is relatively insensitive to small
changes in plate voltage, the RF resistance
shunted across the oscillator by the tube
would be of relatively high order. The fre-
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sensitivity of the plate current to a change
in grid voltage. When the negative bias is
reduced, the mutual conductance of the
tube is increased, and a larger 90° leading
current flows in the tube, so that the ef-
fective reactance of the tube is reduced.
This causes the oscillator to adjust itself
to a still lower frequency. Conversely,

when the bias is made more negative, the
90° leading current is reduced and the ef-
fective reactance is increased.

It is feasible, therefore, to vary the re-
actance of the tube at an audio rate simply
by introducing an audio voltage in the
grid bias of the reactance tube from the
output of an audio amplifier, as shown in
Fig. 35. The varying reactance, in turn,
causes the oscillator frequency to shift at
an audio rate, giving frequency modula-
tion of the oscillator output equivalent to
actually varying the capacity of an auxili-
ary condenser across the tank condenser.

By a simple circuit rearrangement, the
reactance tube circuit can be made to fur-
nish a variable inductive reactance across
the tank circuit for reactance-modulating
the oscillator frequency. For example,
suppose that the positions of R and C in
the RC network are interchanged, and
that the resistance of R is made very much
greater than the capacitive reactance of C
at the oscillator frequency. The current in
RC would then be nearly in phase with
the tank voltage of the oscillator. The
current in (" would lead the voltage across
C by 90°. In other words, the voltage
across (" will lag the oscillator tank voltage
by 90°, thus giving a 90° lagging current in
the tube. The tube will therefore look like
an inductive reactance to the oscillator
tank voltage.

Whatever the type of reactance fur-
nished by the reactance-tube circuit, the
carrier frequency of the oscillator, in the
absence of modulation, depends upon the
constants of the oscillator tank, and the
amount of reactance shunted across the
tank by the reactance tube. The amount
of reactance offered by the tube, in the ab-
sence of modulation, depends in turn upon
the DC grid bias. Thus the center fre-
quency of the FM signal generated by the
oscillator can be adjusted to the assigned
carrier frequency simply by an adjust-
ment of the DC bias on the grid of the
reactance tube,

The center frequency stability of the
simple reactance modulator circuit of Fig,
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33 is relatively poor. In the first place, the
center frequency cannot be crystal-con-
trolled. The natural frequency of the oscil-
lator, even in the absence of the reactance
tube, is affected by variations of the volt-
ages on the oscillator tube elements, by
the effects of temperature changes upon
the inductance and capacity of the tank,
and by the resistance reflected from the
coupled load.

When the reactance tube is connected
to the oscillator, the oscillator frequency
also becomes dependent upon the gain of
the reactance tube, since it determines the
magnitude of the RF component of plate
current that is allowed to flow in the tube
at a 90° angle of lead. The gain of the tube

It is necessary, therefore, to employ
auxiliary circuits to maintain the center
frequency at the assigned value. The prin-
ciple commonly employed is to compare
the center frequency of the transmitter
output to that of a crystal oscillator. When
the center frequency departs from its cor-
rect value, the stabilization circuits oper-
ate upon the reactance tube or the oscilla-
tor to bring the center frequency back to
its correct value.

The Croshy System * The circuit diagram of a
transmitter employing the frequency
stabilization circuit developed by Murray
(1. Crosby is shown in Fig. 36. The oscilla-
tor m this particular case operates at

1,800 kc. will appear at the output of the
converter. If the center frequency of the
transmitter output is greater or less than
42,300 ke., the beal frequency will be
greater or less than 1,800 ke. by the same
amount.

The converter output is applied to a
discriminator! having a temperature-
compensated circuit very accurately tuned
to 1,800 ke. The discriminator, in the ab-
sence of modulation, produces a DC' volt-
age whose magnitude is proportional to the
amount by which the frequency applied to
the discriminator differs its resonant fre-
quency. For example, if the discriminator
produces 20 volts when the applied fre-
quency is 1,820 ke., it will produce 30
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in turn depends upon its mutual con-
ductance, upon the characteristics of the
associated circuits, and especially upon
the voltages applied to the tube elements.
Thus the center frequency of the gener-
ated wave is affected by such factors as
the constants of the reactance tube and
the voltage regulation of the power sup-
ply. In particular, a very slight variation
in the grid bias of the rcactance tube
causes a considerable shift of the oscillator
frequency.

In general, therefore, the primary diffi-
culty that arises in the use of a reactance-
tube modulator for the generation of FM
signals is that the center frequency of the
generated wave depends upon the voltages
on the reactance tube as well as upon the
constants of the oscillator. The frequency
stability can be improved by the use of a
voltage-regulated power supply for the
reactance modulator. However, even with
this precaution, the drift at the very high
frequencies is too great to meet the stabil-
ity requirements of the FCC,

one-ninth of the assigned transmitting
frequency. In the circuit of Fig. 36 the
4.7-me. oscillator frequency is passed
through two tripler stages to produce a
frequency of 42.3 mec. The oscillator is
frequency-modulated by the reactance
tube, a frequency deviation of 75/9 or
8.33 ke. being required at the oscillator for
full modulation of the transmitter.

In the frequency stabilization circuits, a
crystal oscillator operates at a frequency
that differs from the correct center fre-
quency of the reactance-modulated oscil-
lator by a known amount, For example,
the frequency of the crystal oscillator may
be 4.5 me. which, after being tripled
twice, gives a reference frequency of 4.5 X
9 or 40.5 me.

The reference frequency of 40.5 mc. is
applied to a mixer tube along with a
voltage at the transmitter output fre-
quency, taken from the intermediate
power amplifier stage. If the center fre-
quency of the transmitter output is cor-
rect, a beat frequency of 42,300 — 40,500 or
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volts when the applied frequency is 1,850
ke.

The polarity of the voltage at the dis-
criminator output depends on whether the
applied frequency is greater or less than
the frequency of the diseriminator circuit.
Thus, when the applied frequeney is 1,750
instead of 1,850 ke., the same voltage is
produced but in opposite polarity.

The voltage output of the discriminator
is used for frequency correction and is ap-
plied to the grid of the reactance-modula-
tor tube in addition to the bias contributed
by the cathode resistor of the modulator
tube. If the transmitter output frequency
is exactly correct, the DC output voltage
of the discriminator is zero, and the bias
on the reactance tube is that developed by
the cathode resistor alone. When the
transmitter output frequency differs from
the correct value, the diseriminator pro-
duces a DC voltage of such polarity that
the bias of the reactance tube is varied in a

! The operating principle of the discriminator will be
explained in a later chapter.
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direction to shift the output frequency
toward its correct value. When the fre-
quencey is very nearly correct, and only a
very small correction voltage remains at
the diseriminator output, the frequency
correction action ceases.

In the above explanation of the fre-
queney stabilizing action, it has been as-
sumed that no modulation is present.
Actually, of course. a frequencey-maodulat-
ing audio voltage is being applied to the
grid of the reactance tube during most of
the time that the transmitter is on the air.
Since the discriminator is responsive to
change in frequency, whether in the form
of a slow drift or a rapid variation, an
audio vollage appears across the dis-
criminator output during modulation in
addition to the DC voltage. However, the
arerage value of the voltage across the
discriminator output will be proportional
to the drift of the center frequency of the
output, and the polarity of the average
voltage will depend on the direction of
frequency drift,

An example will serve to make this ac-
tion clear. Suppose that the transmitter,
having an assigned frequency of 42,300
ke., is actually operating at a center fre-
queney of #2350 ke., and that the fre-
queney deviation during modulation is 75
ke, The transmitter output frequency is
varying between 42,425 ke, and 42,275
ke, The voltage applied by the mixer in
the frequeney correction cireuit to the
discriminator will vary in frequency be-
tween 42,425 —40,500 or 1.925 ke., and
42,275 — 40,500 or 1,975 ke, This is 125 ke.
above and 25 ke, below the 1.800 ke. refer-
ence frequency to which the discriminator
is tuned. The voltage across the discrimi-
nator output will vary, therefore, between
+ 125 and — 25 volts, the average of which
is 4350 volts, the same voltage that would
be obtained for an unmodulated transmit-
ter output frequency of 42,350 ke. Thus
the center frequency of the output during
modulation can be corrected as easily in
the absence of modulation, by employing
the DC component of the discriminator
output voltage.

Actually, the audio voltage of the dis-
criminator is sometimes only partially
filtered at the lower audio frequencies, in
order to obtain some degenerative feed-
back at these frequencies. This gives the
transmitter a pre-emphasis characteristic
that improves the signal-to-noise ratio at
the higher audio frequencies.

The stability of the carrier frequency in
the circuit of Fig. 36 depends on: 1) the
stability of the reference crystal oscillator;
2) the gain of the mixer tube, and 3) the
stability of the tuned circuits of the dis-
criminator. \lso, the frequency stabiliza-
tion circuit does not remove all the drift of
the output frequency, although the drift
can be reduced by as much as 100 to 1 as
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compared to the drift of an unstabilized
reactance-madulated transmitter.

Western Electric System x« A different fre-
quency stabilization system, developed by
J. F. Morrison of Bell Laboratories, is
employed in Western Electric transmit-
ters. In this system, drift of the center fre-
quency is automatically  corrected by
means of a small, reversible motor that re-
adjusts the settings of variable condensers
in the oscillator tank circuit. This motor,

Since the plates of the reactance tubes
are connected to opposite ends of the os-
cillator tank, the direction in which the
oscillator frequency will be shifted by the
modulator depends on which of the tubes
in the modulator passes the greater reac-
tive current. By applying the audio volt-
age to the control grids of the reactance
tubes in push-pull, during the first alterna-
tion of the audio voltage, the bias on one
tube is reduced while the bias on the other
tube is increased. Thus one tube is made

FIG. 37. CLOSE-UP OF WESTERN ELECTRIC FREQUENCY COMPENSATING CONTROL

and the compensating condensers which it
adjusts, are shown in Fig. 37.

A simplified diagram of the oscillator
and reactance-tube modulator appears in
Fig. 38. The oscillator is of the push-pull
type, employing two tubes. Energy is fed
back to the grids from the plate circuits
through small coupling condensers C¢ in
such polarity as to sustain oscillation. The
reactance-modulator also employs two
tubes, the plates being connected in push-
pull to opposite ends of the oscillator
tank. The grids of the tubes in the modu-
lator are connected in parallel, and are
excited by a voltage taken from the oscil-
lator tank through a 90° phase-shifting
network.

to pass a greater reactive current than the
other, so that the oscillator frequency is
shifted. During the next alternation of the
audio voltage, the grid biases are unbal-
anced in the opposite direction. The tube
which passed the greater reactive current
in the first alternation now passes the
lesser current, and the oscillator fre-
quency is shifted in the opposite direction.

As the audio voltage alternately favors
the flow of reactive current first in one
tube and then in the other, the oscillator
frequency is increased and decreased at
the same audio rate. Thus frequency
modulation of the oscillator output volt-
age is obtained.

The baianced reactance-tube modulator
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circuit employed here has the advantage
over single-tube modulators of balancing
out the effects of ripples and fluctuations
in the grid bias and plate voltages which
are applied in parallel to the reactance-
tubes.

The oscillator tank capacity consists of
fixed condensers (x and variable con-
densers ('y,. The variable condensers are
ganged and mechanically linked to a syn-
chronous motor, controlled by the fre-
quency stabilization circuit. When the
center frequency of the transmitter drifts
away from the assigned carrier frequency,
the motor rotates in the proper direction
and to the extent necessary to readjust the
tank capacity of the oscillator to the cor-
rect center frequency,

Fig. 39 shows, in block diagram form,
the arrangement of this system of fre-
quency stabilization. The frequency of
the reactance-modulated oscillator in this
case is 1§ of the transmitter output fre-
quency. For example, if the assigned car-
rier frequency is 42.3 me., the oscillator
operates at 5.2875 me. The oscillator out-
put is passed through a buffer and three
doubler stages to give the assigned carrier
frequency. It is then amplified to give the
required power output.,

A portion of the output voltage of the
reactance-modulated oscillator is applied
to the input of a chain of ten frequency
dividers, each of which gives an output
having one-half the frequency of its input.
Thus the center frequency at the output
of the last frequency divider is 1/1,024 of
the frequeney of the modulated oscillator.
Hence, if the reactance-modulated oscilla-
Yor is furnishing the correct frequency of
3.2875 mc., the frequency at the output of
the frequency-divider chain is 5,287,500/
1,024 or 5,163.5 cycles. This is the fre-

- quency at which the reference crystal os-
cillator is designed to operate.

The output of the reference crystal os-
cillator and the output of the frequency-
divider chain are combined in the motor-
control ecircuit. This circuit determines
the magnitudes of the currents that flow
in the four windings of the synchronous
motor that adjusts the oscillator tuning
condensers.

If the output frequency of the transmit-
ter has the correct value of 42.3 mc., the
frequencies applied from the reference
oscillator and the frequency-divider chain
are the same. The resultant magnetic field
set up between the poles of the motor by
the currents in the windings is stationary,
so that the armature of the synchronous
motor does not rotate,

Suppose, however, that the output fre-
quency of the transmitter drifts to 42.4
me., so that the frequency at the output of
the frequency-divider chain becomes
5,175.7 cveles. When this frequency is ap-
plied to the motor control circuits along

with the reference frequency of 5,163.5
cycles from the crystal oscillator, the mag-
netic field set up between the motor poles
is made to rotate at the difference fre-
quency of 12.2 electrical cycles per second.
Accordingly, the armature of the motor
rotates and increases the capacity of the
variable condensers, (', Fig. 38, thereby
lowering the oscillator frequency toward
the correct value. s the amount of the
frequency drift is reduced, the difference
frequency at the motor-control circuit is
reduced, and the magnetic field rotates
more slowly. The armature likewise re-
volves at a slower rate, in keeping with the
field, and comes to rest when the field is

certain percentages of modulation. YWhat
will be the effects of such variations in the
center frequency component of the modu-
lated oscillator output upon the operation
of the motor-drive circuits?

Neither of these factors affects the op-
eration of the motor. Each of the frequency-
dividing stages halves the frequency
deviation as well as the frequency of the
voltage applied at the input. In the pres-
ent case, when the transmitter output
frequency is being fully modulated, the
frequency deviation 1s + 75 ke, The
frequency  deviation of the reactance-
modulated oscillator is 1g of the output
deviation, or = 9.375 ke. The frequency
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FIG. 38. REACTANCE-MODULATED OSCILLATOR OF WESTERN ELECTRIC FM TRANS-
MITTER, USING MOTOR-DRIVEN FREQUENCY-CORRECTION CONDENSERS

stationary, that is, when the transmitter
drift has been corrected, and the fre-
quency at the output of the frequency-
divider chain is exactly equal to that fur-
nished by the reference oscillator.

If the transmitter output frequency
should drift to a value lower than the as-
signed carrier frequency, then the rotation
of the magnetic field is in the opposite
direction.

In this way, the transmitter output
irequency drifts, no matter how slowly,
the magnetic field of the motor starts to
revolve and the armature of the motor
turns with the field, applying a correcting
adjustment to the oscillator tank capacity.

The question naturally arises as to
whether or not the frequency variations
occurring during modulation will disturb
the operation of the motor. Also, as ex-
plained in Chapter 1, in frequency modu-
lation the center frequency component
varies in amplitude and even disappears at
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deviation at the output of the frequency-
divider chain is 9,375/1,024 or =+ 9.14
cycles. At the lowest audio frequency, say
30 cycles, the modulation index is 9.14/30
or about 0.3. Reference to the table of
Bessel factors (Chapter 1) shows that,
with this modulation index, the frequency-
modulated voltage is composed of a center
frequency component having 97.7% of
the amplitude of the unmodulated carrier
and only one important pair of sidebands,
having an amplitude of less than 15% of
the unmodulated carrier.

At modulating frequencies greater than
30 cycles, that is, over the entire audio
range, the modulation index is still
smaller, and the center frequency com-
ponent is greater than 97.7%, while cach
of the two sideband components has an
amplitude of less than 15%. Thus the
process of frequency division concentrates
the energy of the frequency-modulated

(CONTINUED ON PAGE 51)
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FIG. 3. CERAMIC-BOBBIN RESISTORS

FIG. 4. SENSITIVE VARIABLE RESISTOR

RADIO DESIGNER'S ITEMS

Notes on Methods and Products of Importance to Design Engineers

Walnut Condensers: So-called because of
small. light, and compact shape illustrated
in Fig. 1, are being manufactured by Jen-

FIG. 1. JENNINGS WALNUT CONDENSER

nings Radio Mfg. Company. 1098 East
William Street, San Jose 12, Calif. Spe-
cially designed for high frequency eireuits,
they are self-healing in case of flashover.
Maximum current is 20 amps. peak, maxi-
mum voltage 30 kv, peak, capacities 6 to
50 mmf,

Precision  Resistors: The  hermetically
scaled resistor shown in Fig. 2 of a new de-
sign introduced by Daven Company, 191
Central Avenue, Newark 4, N, J. The non-
inductive resistor element, wire-wound to
any valuc up to 1.6 megohm, is sealed ina
drawn brass case, with leads brought out
through glass seals. Size is 1 9/16 by 7g

FIG. 2. HERMETICALLY SEALED RESISTOR

30

by 21,16 in. high over the terminals. Ac-
curaey is =+ .1 to 0%, according to re-
quirements,

Field Strength Meter Needed: Among the
items listed in a Government bulletin: de-
scribing  much-needed mventions 1s a
small, portable field strength meter‘“about
the size of a walkie-talkie.” It must be
simple to use and accurate to * 10%,
with a frequency range of .1 to 20 mec.
Field intensity must be 10 to 1,000 milli-
volts per meter.

Approved  Pilot  Lights:  Underwriters’
Laboratories have recently approved a
number of the pilot lights designed and
manufactured by Gothard Manufacturing
Company. Springfield, Tl

Ceramic-Bobbin Resistors: T'wo new ser-
ies of precision resistors which feature the
use of ceramice bobbins are being produced
by  Ohmite Manufacturing  Company.
4835 Ilourney Strect, Chicago 44, Series
83, shown at the left in Fig. 8. is wound for
values of 10 ohms to .4 megohm. Bobbins
are ' in. in diameter and 7/16, 9g. or 1 in,
long. The larger type, series 82, is wound
for values of .1 ohm to 1. megohm. Bob-
bins are 11,16 in. in diameter. and 1lg,
17/16, or 13 ins. long. Accuracy is = 193,
The windings, of enameled wire, are
vacuum-impregnated, and can be further
protected with anti-fungus varnish.

Hermetically-Sealed Instruments: .\ conm-
plete series of AC and DO voltmeter, am-
meters, milliammeters, and microamme-
tersin 21, 31y, and 4-in. sizes is offered by
Hickok Electrical Instrument Company,
10530 Dupont Avenue, Clevelafid 8. Her-
metice sealing is obtained by the use of
glass-sealed terminals and a case construe-
tion which employs a clamping mechan-
ism to maintain a perinanent closure.

VHE Doping Varnish: Technical data has
been released by  American  Phenolie
Corp., Chicago 30, on Polyweld 912. This
material is pure polystyrene in solution.
Thus its electrical characteristics are ex-
cellent for coating, impregnating, or seal-
ing radio windings and components. Air
drying time is 4 to 8 minutes. Polyweld
does not support fungus growth. When
used to join polystyrene parts, it forms a
welded joint. A bulletin showing electrical
characteristics up to 10,000 me. is avail-
able on request.

Variable Resistor: The variable resistor
shown in Fig. 4 can be turned by delicate
devices providing as little torque as 2
gram-milliameters or less than 2 inch-
ounces. Resistance values are 100 to 1,500
ohms., + to 15 watts. These units, pro-
duced by G. M. Giannini & Company,
Inc., 161 E. California Street, Pasadena,
Calif., afford a new answer to designs

FiG.5. JENSEN LOUDSPEAKER

which have required photo-clectric cells
and other claborate methods of current ®
control.

Loudspeaker: Jensen Radio Mfg. Com-
pany, 6601 S, Laramic Avenue, Chicago
38, has announced a new speaker NF-300
designed to reproduce speech under con-
ditions of high ambient noise. The speaker
is shown in Fig. 5. Voice-coil impedance is
12 ohms, and maximum eapacity 10 watts.

Neutralizing Condenser: Two new neu-

Vel
4 11}

tralizing condensers, Fig. 6, are offered by
;
§ b,

L S

FIG.6. E. F. J. NEUTRALIZING CONDENSER
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E. F. Johnson, Wascca, Minn. The larger
is rated at 45 kv, peak breakdown with a
range of 33.1 to 12.6 mmf., while the
smaller is rated at 35 kv. peak with a
range of 26.0 to 7.2 mmf. Construction is
of spun and cast aluminum.

Pane! Pump: 'To meet the needs of special
high-frequency equipment, a panel-mounted
dry-air pump. Fig. 7, is now available
from Andrew Company. Chicago 19. This
device can be made an integral part of the

° FIG. 7. ANDREW DRY-AIR PUMP

equipment for which it supplies pressure.
Dimensions are 6 ins. long behind the
panel and 2 ins. in diameter. Weight is

FIG. 8. OLD AND NEW TUBE DESIGNS

10 oz. The drying agent, contained in a
transparent plastie eylinder, is blue, turn-
ing pink when it requires replacement.

Smaller Television Tubes: Fig. 8 shows the
12-in. prewar cathode-ray tube and the
5-in. developmental type designed by
RCA for their projection television receiv-
ers. The smaller tube operates at 27,000
volts, nearly 4 times the voltage used on
the 12-inch tube, and produces a much
brighter spot on the fluorescent green.

Fixed Ceramic Condensers: A-N JAN-C-20
fixed ceramic condensers in a wide range
of temperature coeflicients, capacities, and
sizes are now being produced by Mica-

mold Radio Corporation, 1087 Flushing
Avenue, Brooklyn 6. Samples are avail-
able to manufacturers.

Outdoor Horn: The exponential horn shown
in Fig. 9 is manufactured by Langevin
Company, 37 W. 65 Street, New York 23,
for outdoor use. It is weatherproofed with
a new vitreous finish capable of withstand-
ing high corrosion conditions. Bell diam-
eter is 25 ins. overall length 38 ins., and
width 26 ins. One or two driver units can

FIG. 9. LANGEVIN OUTDOOR SPEAKER

be used on each side, for an input of 50
or 100 watts. Frequency response is rated
at 110 to 6,500 cycles.
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wave into the center frequency compo-
nent. At the output of the frequency-
divider chain, the amplitude of the center
frequency component during modulation
is never less than 97.7% of the amplitude
of the carrier in the absence of modulation.
Large variations in the amplitude of the
center frequency component at the trans-
mitter output during modulation, there-
fore, do not affect the operation of the
motor-control circuits,

The FM voltage from the frequency-
dividing chain, which has been described
as having a frequency deviation of 9.14
cyceles at full modulation, will cause a
slight oscillation of the motor field at the
modulating frequency, The angle in
radians of alternate advancement and re-
tardation of the ficld in the motor at the
modulating frequeney of 30 cycles per
second would be equal to the modulation
index, that is, to .3 radian or about 17°. In
other words, the rotating or stationary
field of the motor has a superimposed
oscillation over a range of =+ 17° when
the transmitter is fully modulated at 30
cveles. That represents the most extreme
condition of oscillation. When the modu-
lating frequency is higher than 30 cycles
and the transmitter is being modulated at
less than 10095, the oscillation range is
less than =+ 17°.

For all the modulating frequencies from
30 to 15,000 cyeles, the inertia of the
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FIG. 39. BLOCK DIAGRAM OF W.E. SYNCHRONIZING MOTOR CONTROL CIRCUIT

armature element and the friction in the
motor is sufficient to prevent any response
to the slight, rapid oscillations of the
motor field at the modulating frequency.
The motor is only responsive to slow rota-
tion of the mean position of the motor
field, which occurs when the transmitter
output frequency starts to drift from the
correct value.

Since positive synchronism is main-
tained between the subharmonic of the
transmitter output frequeney and the
reference crystal oscillator, the carrier fre-
quency stability is that of the crystal os-
cillator. The stability is not affected by
fluctuations of power supply voltages, nor
does it depend on the maintenance of the
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constants of a tuned circuit, nor upon the
stability of gain in any tube.

The frequency correction is applied in
the oscillator by electro-mechanical means
so that the design of the reactance-tube
modulator does not involve considerations
of frequency stabilization, and failures in
the frequency stabilization cireuit cannot
affect the process of modulation. If the
frequency stabilization circuits fail, the
motor ceases to revolve and the transmit-
ter frequency will drift slowly. There will
not be a sudden change in the transmitter
output frequency as would be the case
where frequency stabilization is obtained
by means of bias applied to the reactance-
tube modulator.
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Alrose Chemlcal Co Providence R 1
Altec xl’,amlngl Corp 1680 N Vine Holly-
WO
Aluminum Co ot America Pittsburgh Pa
American Automatic Elec Sales Co 1033
W Van Buren St Chici m
American Brass Co Waterbury

k NJ
Amu; can Communications Corp 306 B'way

Amert can Cond Co 4410 R od
v Chicago 40 Ill
I Mensc H C Kreinick

can Cyanamid Co 30 Rockefeller
Plnn l\ew York City
American Elec Heater Co 6110 Cass Av
Detrolt 2 Mich
E W Doherty
American Felt Co Glenvlile Conn
Amer Instr Co 8030 Ga Av Snver Spring Md
eynolds
American Insulator Corp Vew Freedom Pa
N I Gage B F Hantz
American Lava Corp Chntmoocn Tenn
R N Bicknell J Stevens
American Mlerophona Co 1915 8 Western
Av I.os Angelea 7 C.

F A Yarbro h C Hornickel
Amerlcm Molded Prods Co 1644 N Honore
8t Chicago Il m

n

American Phenolic Corp 1830 S 54 Av

Chicago 50

Al Schml C Quackenbush
American Rndlo Hdwre Co Inc 152 Mac-
Questen Pkwy 8 Mt Vernon N Y

D T Mitchell J Donato
Anéeﬂcan Rollln¢ Mill Co Middletown

American Screw Co Providence R 1
Anlller‘l\?g Sip'nnx & Mtg Corp }{olly Mlch
roith
American Steel & Wire Co Rocketeller Bldz
Cleveland O
American Steel Package Co Denmce O
G F Behringer K A Duerk
Amertcan Television & Radto Co St Paul

1inn
A Goftsteln

32

An{gl‘{pﬂél Time Prods 580 Fifth Ave
American Transformer Co 178 Emmet

Newark N J

8 Marv! W Garlick
Amperex Electronic Prods 79 Washington

St Brooklyn N Y
Amperite Co 561 Broadway NY C
Amplex Engineering Inc New Castle Ind
Amplifier Co of America 398 B way \I YC

aynes

Anll,yVAcevw & King 11 W 42 St N Y [ont.]

Anaconda ere &CableCo25B'way NYC
Andrea Radio Corp 43-2034 St L 1 City 1

NY

F A D And H J Heindel
Andrew Co 363 % 75 St Chicago 19 111

V J Andre CR Cox

Amle{r Rudlu Corp 2110-49 Ave L I City
N
Ansonlu l-.lec ( ‘0 Ansonja Conn

P Lunt
Arkvu rlum l‘iulshln Co Providence R I
Arnessen Eleec Co 116 Broad 8t N Y C

Arnold lamill;leerlng Co 147 E Ontarlo St

(,hl
Rndlo Corp 115 Liberty NY C
Astntlc Corp Youngstown
Atlair Machinery Corp 55VanDam N Y C
Atlu (r(}o'\”df,nw Prods Co 548 Westchester
9 P risel
Atlas Realstor Co 423 Broome 8t NYC 13
W A Merrill errill
Atlas Sound Corp 1443 39 St Brooklyn 18
C R Blumenthal R C Relnhardt
Aubum Button Works 48 Canoga Auburn

J Lawler
Audlo Development Co 2833 13 Av 8
M lnneapulls 7 Minn
C E Lehnert

Audlo Devlces Ino 1800 Broadwuy NYC

Ault & Wiborg Corp 75 Varlck StN Y C
J R Esposito J G Morris

Austin M(g Co 3911 S Mich Av Chlcago
Autocall Co Shelby O

Autornatic Ii‘llecmc Co 1033 Van Buren St

Chicago I §

K W Graybill

Automatic Radio MIg Co Inc 122 Brook-

line Av lmswn Mass

A J Hous J S DeMetrick
Autommlc Mfg Corp E Newark N .l

R Muzzolas

Averg Adheslves 453 E 3 St Los Angeles 13

very E D Graves

A\ﬁa Prods Co 737 N Highland Av Los

—B =
Bakellte Corp '&0 E428t NY C 17
J E Briste ire & Cable Materials
TW '-lhurp Qheet & Foll
C W Patton Coatings & Adheslves
G Shaw Calendering & Molding Materlals
R E Brannon Molding Materlals
H Smith Varnish Resin
Baker & Co 113 Aston Newark N J
Ballantine Labs Inc Boonton N J

Zay h Osterland
Bnrber-Colmm Co Rockford 1
Barber lLabs 34-04 Irancis l ewis Blvd
Flushing N Y
Barker & Son Ardmore Pa
Barker & Willlamson 235-9 Falrfleld Av
Upper Darby Pa
R ' Welse

R Rude

Barnes Co Wallace Bristol C

Bamn Inc Rex 5008 E2 St Ft Lnuderdale
R l-. Bassett W 1 Bohlen

Bausch & Lomb Optleal Co no«(:/h(]a‘s%r N {
Belden Mig Co P O Box 5070A Chlcago 80
N Cr: e 1 Wermine
Belmont Radlo Corp 5921 W Dickens Av
Chicago 39
H C Mat! es W L Dunn
Bendix Aviation Corp 11600 Sherman Way
N Hollywood Caltt
P Nicho! D Brown

18
Bendix Radlo Div Bendlx Avlation Corp
Mortord Pl Red Bank N J
H A Poo 8 Townsend
Bendlx Rndlo Div Bendix Avlatlon Corp
E Joppa Rd Towson 4 Md
W P Hlilliard W I, Webb
Bentley-Harris Mfg Co Conshohocken Pa
Benwood Linze Co 1811-19 Locust St
St },%us Mo

rape CE Pecers
Betts & Betts C'orp 551 W 528t N Y € 19
Biddle James G 1211 Arch St. Phllndelphla
3rd Richard H Waltham
irnbach Radlo Co 145 Hudson BtNYC13
N Birnbach
RBirtcher Corp 5087 Huutington Dr Los
Angeles Callt
Blatcher Corp 6087 Huntington Dr Los

Angeles
Black & Decker Mfg Co Towson Md
Bl:}(w Radio Equip Co Great Barrington
ass

L 8 Thomas
Blaw-Knox (‘o Pittsburgh Pa

E J Staubltz
Bllley Electric Co Unlon SthBldg Erie Pa

* C Collman M Wolfskill

Bluﬂ C|t¥l Distributing Co 905-7 Unlon Av
Mem 3 Tenn

A L Cowles J H Viser Jr

Blum & Co Inc Jullus 532 W 22 8t N YC
Bodine Electric Co 2254 W Qhlo St Chlc}:gﬁ

Boes Co W W 3001 Salem Ave Dayton 1
Ohio

W W Boes W S Young
HBogen (‘o Inc David 663 Ilway NYcCi2
Boonton Radilo Corp Boonton N J

G A Downsbrough G T Dalrymple
Boots Alreraft Nut Corp Ponus Ridge Rd

New (,anaan Conn

R W Joh Wootton
Borg-Gibbs Lnb The G W Borg Corp

Delavan W

Brown

ME
Boaton Insulated Wire & Cahle Co Boston
Brach Mfg Corp L S 55 Dickerson St
Newark N J
W A Robinson A Hood
Bradley Labs Inc New fiaven 10 Conn
Brainin o C S 233 Spring 5t N Y € 13
C 8 Bralnin
Brand & Co Wm 276 4th Av N Y C
Brandywine Flbre Prods Co 14 & Walnut
Sts Wiimington Del

E E Maneck T Breunich
l!rlo;‘efle Corps Inc 41 S 6th St Newark 7
J 'I' Mascuch K G Strunk

Brilhart Co Arnold Great Neck N Y
Bristol Co Waterbury $1 Cona

L G Bean
Brown & Brother Arthur 67 W44StNY C
Browning Labs Inc 742~750 Maln Win-
chest.er Mass
C H Day G H Brownlng
Brush Development Co Cleveland Ohio
BuM Radllo Inc 2118 E 55 8t Cleveland 3

I
Bunncll & Co J H 81 Prospect St Brooklyn
J D McLellan F D Webster
Buntlng Brass & Bronze Co Toledo Ohlo
Burke Electric Co Erle Pa
E E Crompton C E Humble
Burndy Engineering Co Inc 107 Bruckner
Blvd New York Clty 54

M Lee
Bulrl‘xeu Radio Lab 4814 Idaho St San

Bursteln-Applebee Co Kansas City Mo
Burton-Rogers Co 857 Boylston St Bueton
V 8 Church

—-C—=
Callite Tungsten Corp 540 39 St Unlon

Clty N
R Lowit
Cambridge Iust (‘o 3732 Grand Central

Term N Y
I K ae V () Hutton
Cambridge ‘Thermionic Corp 443 Coneord
A\e Lambrhlge M
Cam Produ Co 490 Broome 8t N Y C
J L idne: Klein
Cnhn‘l‘nt‘!lld ‘\dfg Co 718 N 7 8t Grand Haven

R H Lil blad
Camloc Fastener Corp 420 Lex AV N YC
J M Summers ‘W Hennessey .lr
Canfield Mfg (‘o Grand llnven Mich
Cannon Mtg Corp 3209 Humboldt St Los

Angeles

RJ Ci 1 Nelfing
Cannon L 0 L F Springwater N
(a{aacuron o I8 W ichlller Chicago 10
Ca&bl‘gecdz Carbon Chem Corp 30 E 42 St
Calrva;rundum Co-Globar Div Niagara Falls

K E Rog vee
Cardwell M lx Corp Allen D 81 Proepect St

Brooklyn N Y

DA Cnrdwell A D Cardwell
Carnegle-111inois Steel Corp Pittsburgh Pa
Carrier Microphone Co Inglewood Calif
Carron MIg Co 415 S Aberdeen St Chi-

07
M M Coh. C 8 Linell
Cnrwcmr Mov.?r Co 1608 Millwaukee Av
c

R W
Catalin Corp 1 Patk Ave N Y C
Celanese Corp 180 Madison Av N Y C 16
W R Donaldson
Centralab Div of Globe-Union Inc 900 E
Keefe Av Mliwaukee Wis
H W Rubinsteln
J D Wai (i M Ehlers
Cemmlg%mw Co 3501 Shields Av Chi-

D 8 Jennings W P Roche
Chﬁ(iehCo W M 1600 Beard Av Detroit
c]

C F Alban

Champlon Radio Works Danvers Mass
Chandler Prods Corp Cleveland Ohlo
Chieago Aviation Co 1200 N Claremont

Chicago [11
Chlcago Molded Pmds Corp 1020 N Kol-

mar (hlcago 51 1

Il ¥ Bachner F Swanson
Cmcuo Telepliox&e Supply Co W Beardsley

Av Elkhart
N C Schellenger
Chslc ( Translt{)rmer Corp 3501 Addison
t

hicago I
D Schwennesen
Cl%xll;chlll (‘abinet Co 2119 Churchill Av

Clnnudu%mph Speakers Inc 3911 S Mich
Av Ch
Pt Tans

Clg(;lh Mifg Co 2335 W Van Buren St

0
Clare & Eo CP4719 Sunnyslde Av Chlmo
C P Clare Welnreich
Claroatat Mtg Co Inc 130 Cllnton St

Brooklyn
G J Mucher
Clements Mg Co Chlcago Il
: lllru:)‘ele’{nlds Inc Pnl:lg\;ll(lle O
‘ole squip Co 3dwy N Y C
Collins Radi g & Cod Xs‘

A A Colil M Craft
Collyer Ins W|re Co Pawtucket R 1
Co(l:cmlul chnﬁ)mw Co 2212 W Armitage Av
Colox{(lal Radlo Corp 254 Rano St Buffalo

N
A H Gardner H C Forbes
Comar Elec (‘o 2701 Belmont Ave Chicago

Commerelal Radlo Sound Corp 570 Lex Av
New York City 22
A W Schneider A Bylvane
Communieation Equip & Enx Co 504 N

Parkslde Av Chicago Il
A Clark Jr

Communication Measurements Lab 120
Greenwich New York City 6
D A Grim

n
Co&nrj\unlcatlon Products Co Jersey City

Communications Co Inec 300 Greco Av
(,oral Gn"l‘:lles 34 Fla

G E
Cot,nmunlcatlons Equip (‘orn 134 W Colp
orado St Pasadena 1 Callt
1 R Kimball

R Kimball
Conant Elec Labs Lincoln Neb
Condenser Corp of America S Plainfield
Condenser Prods Co 1375 N Branch St

Chlcago 22 I

A Fisher M H Levenberg
Conn Ltd C G Elkhart Ind
L B Greenleat

Conn Tel & Elec Mertden Conn
H W Harwell urtiss

C
Cons Diamond Saw Blade Corp Yonkers
Av Yonkers 2 N Y
Cons Radio Prod Co 350 W Erle Chicago
A l{eppner
Cons Wire Co 1634 Clinton St Chicag
Continental Carbon Inc 13900 Loraln Av
Cleveland 11 Ohlo
W M Kohring 3 F Benkelman
Colmlnentnl Dlamon(l l-lbre (( oq\ewn:rl:

Contlnental Flee Co 903 Merchandise Mart
Chlcago

Connnentnl Elee Co Geneva Ill
H A Mellvaine J H Hutchings
Countinental Flec Co Newark N J
A W Peterson G E Pel.wrsou
Continental Radio & Telev Corp 3800 W
Cortland St Chtcago 111
Continental Screw Co New Bedford Mass
C(‘)Cogl Electrlo Co 2700 Southport Av

cago
Co&perweld Steel Co Glassport Pa
Mcllvane

Jensen
Corbin Screw Corp New Britaln Conn
J P Baldwin W R Poole

Cornell-Dubllier Elec Corp 1000 Hamflton
Blvd S Plainfield N J
W M Balley

Cornlnz Glass Works Corning N Y
W C Decker Bulb & Tubing Dtv
(‘ J PhullgrElectronlc Dept

Inx oduct Enmneerlnz

Dep
Cornlah Wlm Co lnoplﬁ Purk Row N YC7
J Cook MT

nllard
Corry-Jamestown Mfg Corp Corry
Cosmic Radio Corp 699 E 135 Qt N Y C 54
8 Fishberg

Coto-Colt Co Providence R I
Cover Dual Bignal Sysums Inc 5215 Rav-
enswood Av Chicago 40
J J Balley W R 8chum
Crieav.lve Pluatloa Corp 963 Kent Av Brook-
n

Crescent Industries Ino 4140 W Belmont
Av Chicago 41 11

V Russell
Crescent Ins Wire & Cable Co Trenton N J
Cros!ey Corp 1329 Arlington St Cincinnatl

0BRIOVe Clement
(rg\:name "lnc 3701 Ravenswood Av
M \l Lane
Crowley & Co Inc Henry L 1 Centnl Av
West Orange N J
H I Danzig H L Crowley
C ﬂ.ul Prod Co 1519 McGee St Kansas
y M

L A Eibl

Crystal Resenrch Labs 29 Allyn St Hart-
ord 3 CConn

S I Ward R K Blackburn

Cu&lf l)evel & Mig Co N Crawford Av

Cutler-Hummer Inc Milwaukee Wis
Cuyahoga Spring Co Cleveland O
J B Malloy

—D =

Dante Elec Mtg Co Bantam Conn

J J Dante
Daven Co 191 Central Av > \ewuj’k N Jlth
de Forelst I.abﬂ Lee 5106 Wilshire Blvd Los

FW hrlstlnn L deForest
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“"WE USE EIMAC TUBES E,XCI.USIVEL.Y
IN ALL OUR LARGER GROUND STATIONS”

Says Robert F. Six

PRESIDENY, CONTINENTAL AIR LINES

Below...a pair of Fimac 450-T \
1subes in the punel of Continental

ground stution transmitter
built by Wilcox. k
: tion
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FOLLOW THE LEADERS TO
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/ BES / o
Get your copy of Electronic Telesis. .. the sixty- ﬂ .
Sour page booklet which gites the fundamentals R .
of electroniss. This lissle booklet will help clec- !’Iﬂl Mlt(UUOUGN, INC., 1029 San Moteo Ave., San Bruno, Calif.
tronic engincers explain the subject to laymen. lants located u!!: Sun"l;vno,'(u'll!ornl:u“nd Satt Loke City, Utoh
Xpo gents: Fraxar ansen

It's yours for the asking .. no cost or obligation.
Available in English and Spanish languages.

301 Clay $t., San Froncisco 31, Colifornia, U. 5. A, 1039



SCHEDULE OF DIRECTORIES in FM ano TELEVISION

JANUARY

All Police and Emergency
Stations in the U, S, A.—
includes nomes of the Ro-

FEBRUARY

Radio Products Directory,
listing manufocturers of

MARCH
FM, AM, ond Television
Stations in the U. S. A. and
Canada—indud |

APRIL

Set and Paris Jobbers,
listing general managers
& service monagers; and

Radio Momufacturers in
the U. S. A.—includes the
names of general mana-

Roilway Signol Engineers
on all roads in the United
Stotes, Canada ond

dio Supervisors. m:no;iols, c;nd ppli gers, chief eng Factory Representatives
CLOSING DATE JAN. 5 CLOSING DATE FEB. 5 CLOSING DATE MAR. 5 CLOSING DATE APR. S
MAY JUNE JULY AUGUST

All Police and Emergency
Stations in the U. 5. A.—
includes names of the

Radio Products Directory,
listing monufacturers of
equipment, components,

FM, AM, and Television
Stations in the U. S. A. ond
Canada—indudes generai
managers, chief angineers.
CLOSING DATE SEPT. S

Set and Parts Jobbers,
listing general monagers
& service managers; and
Factory Representatives

CLOSING DATE OCT. 5

gers ond chief engineers. Menxico. Radio Supervisors. materials, and supplies.
CLOSING DATE MAY 5 CLOSING DATE JUNE 5 CLOSING DATE JULY 5 CLOSING DATE AUG. 5§
SEPTEMBER OCTOBER NOVEMBER DECEMBER

Radio Manufacturers in
the U, S. A.—includes the
names of general mana-
gers and chief engineers.

CLOSING DATE NOV. §

Railway Signol Engineers
on all roads in the United
States, Canado ond
Mexico.

CLOSING DATE DEC. S

Dejur-Amsco Corp 6 Bridge St Sheiton

onn
H Blye
Deleco Appllance Rochester N Y
H C Jones
Delco Radlo Div_General Motors Corp
303 N Buckeye Kokomo Ind
B W Cooper B A Schwarz
Detroit Power Screwdriver Co 2801 W
Fort Detroit 16 Mlich
R H Gladfelter
Detrola Corp 1501 Beard Detrolt Mich
R M Daugherty
Deutschmann Corp Tobe Canton Mass
De Vry Herman A 1111 W Center Chlcn%o
De!gv;_ dC Radlo Corp 440 Lafayette St

M Glaser
Dial Ll%ht Co of America Inc 900 B'way
NY

Diamond Inst Co Wakefleld Mass
Dictaphone Corp 375 Howard Av Bridge-
port Conn
Diehl Mig Co Somerville N J
P H Trickey
Dinion Cofl Co Caledonia N Y
F 8 Eberts w Armstrong
Dixon Crutible Co Jersey City N J
Dolph John C Newark N J
an Elec Co 74 Trinity PIN Y C
Dool ttle Radio Ine 7421 8 Loomls Blvd
Chicago 36 11l
D Gray

D Gray
Dow Chemlcal Co Midland Mich
L J Richards
Drake 1;[2(1 Co 1713 W Hubbard St Chi-

H K Foute
Drlver-Harris Co Harrison N J
L Dri F_E Bosh

F ver
Dumont Elec Co 34 Hubert St N Y C

J Katzman
Du Mont Labs Allen B Passalc N J
A B DuMont P ristaldi

8 Ch
Du Pont De Nemours & Co Arlington N J
Durez Plastics &Y Chemicals Inc North

G Loomls
DX Crystal Co 1200 Claremont Chieago
D-X Radio Proda Co 1200 N Claremont
Ave (‘hlcsuo 22
M P McLean L J Patla

Eagle Elec Mfg Co 23-10 Bridge Plaza 8
Long Island City N Y
G I Hamond

Eagle Metals feattle Wash
East,em Alr Devices 585 Deun St Brooklyn

H G Hamliton L C Pratt
Eaguil’nn Kodak Co 343 State St Rochester

A K Chapm: F E Tuttle
Eby Inc H H lS—A W Chelton Av Phila
F Holmstrom L R Wanner
Ec]hlnphone Radto Co 540 N Mich Chicago

W J Halligan R E Samuelson
Eckstein Radlo & 'relev Co 1400 Harmon
Pl Minneapolls 3 M
E A Ecksteln E A Ecksteln
Eclipse-Pioneer Div Bendix Aviation Corp
Teterboro N J
Sylvander

P Lansing
Edwards Co W H 94 B'way Provl nce R1I
E Gervala wards
Ficor Inc 1501 W Congrees Chlc&uo 7
Eister Eng Co 7518 13 St Newark N J
Eitel-Me¢Collough In¢ S8an Bruno Calif
G F Wunderlich G How
Elastic Stop Nut Corp of America 1060
Br ad“tl\ewark2NJ
L H Atkins 1 Karlby
Electra Volce Corp 5215 Ravenswood Av
Chicago Ill
W R Schum

Electrlca;‘ ‘l‘ngusmes Ine 42 Summer Av
" H Frederi
Flectrleal Prods
Blvd Los Angeles 1
L A Rice
Ll&ctﬁlfcul Prod Corp 950 30 St Oakland
a
G W Thunen

Electrical Research Labs Inc 2020 Ridge
Av Evanston Ill

gly Co 1140 Venice

O F Taylor W J Schnell
Elec!rlc Auto—Lne Co Port Huron Mich
JA nch F H Wetzel

Electnc lndlcator Co ‘itamtom Conn

Electric Motors Cor{) Racine W

EI&ctrlc 8oldering Iron Co Deep River
onn

Flectric Speclulty Co 211 South St Stam-
ford Coun
D G Shepherd E W Borggrate
blectrnlux COrp o Greeuwlch Conn

AF C Doughman
Electro Motlve Mig Co Wllllmnntlc Conn
J A Flanzer M Cohn

Z
Electronle. Communlcations Co 36 N Ww
B’way Portlund Ore
Electronic Corp of America 450 W 18 St
NYC1l

8 J Novick F lester
Electronic Enterprises Inc 656 Av N Y C
Electronic Labs Inc 122 W New York St

wd‘!‘anapollu 4 Ind

arstan: Prg
Electronlc llnbtzrxltinry 306 8 Edlnburg it

Los Ang
Electronlc Mechaunics Inc 70 Clifton Blvd
Clifton N J
F B Duvan E Replogle

Electronic Specialty Co 3456 Glendale

Bivd Los Angeles Calif

D A Marcus 8 K Babcock
Electronic Transtormer Co 207 W 25 8t

New Yor kKINY

A Ce; A Cezar
Electro Tech Prod Inc Nutley N J
Electro-Voice Corp 1239 S Bend Av South

Hend Ind

A R Kahn L R Burroughs
Emerson Radio & Phonograph Corp 111

8th A N YC

R D D Israel
Endumtw Corp ot America Clifftwood N J
Erco Radlo Labs Inc 231 Maln St Hemp-

stead New York

F Rut E Ruth
Erle Re«lstor Corp 640 W 12 St Erfe Pa

en 3 Minnlum

Fﬂpe er Co Inc 33 West 46 Qt NYCI19

i/ J Rousenbaum

EuexJ Speclalty Co Inc Broad 8t Newark

Etched Prod Corp 394)1 Queens Bivd
Long Island City N
Eureka Vacuum (‘leaner Co 6060 Hamiiton
Detron 2 Mich
H W Burritt
Ever-Ready Label Col
Extruded Plastics Inc

[

Fada Radio & Electric Co In¢ 30-20 Thom-
son Av Long Island City

F L Plerce
41E258tNYC
Norwalk Conn

J R Swikard Mountjoy
Fansteel Metallurgical Corp \'on‘.h C'hlcago
R J Aitchison F L Hunter

Farnsworth Telev & Radlo Corp 2701 E
Pontlac Fort Wayne 1nd
B R C‘ummings J Ferguso
Fast & Co .Iohn E 3109 N Crawtford Av
Chicago 41 Il

L Kopinski S Frank(io
Federnl Engineering Co 37 Murruy St
NY C 18
MJK 4 J Kirsch
Federal Mm & Enz (‘orn 199—217 Steuben
8¢ Brooklyn 5
DH P.mzelsun M Kaplowlitz

Federal Recorder ("o Elkhart Ind
Federual Screw Prods Co 224 W Huron St
Chicago Il
J M Levine
Federal Telephone & Radlo Co 200 Mt
Pleasant Newark 4 N J
E G Ports

Felker Mfg Co Torrance Calit

M N Felker M W Hinshaw
Fenwal Inc Ashland Mass

J M erkerso aplin
Ferrant:: Elec Inc 30 Rockefeller Plazn

Ferris Inst Co Boonton N J

Ferrocart Corp of America Hastings on
Hudson New York

Finch Telecommunications In¢ Passale N J

Fisher Research Lab 1961-63 University
Av Palo Alto Calif
E Smith G R Fisher

Follansbee Steel Corp Pittsburgh Pa

Ford Radlo & Mica Corp 538 63 St
Brooklyn

Formlica Insulatlon Co Cincinnati O

k?in{\‘lllxi‘rl\ﬂu Corp 175 Varick 8t N Y C

'anklin
Freed Radlo Corp 200 Hudson Bt N Y C
A Welnstein
Freed Transformer Co 72 Spring 8t N Y C
L Freed D Gurevics
Y -

Galvin Mhz Corp 4545 W Augusta Blvd

Chicago 1
FJO Brlen D H Mitchell

Garden City Lab 2744 W 37 Pl Chicago Il
Gardiner Metal Co 4820 8 Campbell Av

Chlcagn 32 lll
R A Gardlne ronad
Gardner Elec Mtg Co 4227 Holus St Oak-
land Calif

Wabhlgre: W Wahlgren

Garner Co Fred E 43 E Ohlo 8t Chlcago
Garod Radlo Corp 70 Washington St
Brooklyn -

S Tro
Gates Radlo Co 220 Bnmpsmre Qulncy m
L I McEwen Grimwe
Gavitt Mfg Co Inc Brookneld Mass
Gear qpeclames 2635 W Medill Av Chlcago
E vhns C B Hale
General Anlllna Wks 435 Hudson St N Y C

( F McKenn:
General Armuture Corp Logan & Prospect
8ts Lock Haveu Pa

A C Potr: T Ramsey
General Lnble Corp 420 Ilex Ay NYC
J R MecDaonald 1 T Faucett

Gell‘}e;al Ceramics & Steatite Corp Keasbey

General Communication Co 530 Common-
wealth Boston Mass

‘T M Hastings Dr M C Bloom
General Com.rol Co 1200 8oldiers Field Rd
Boston 34 Mass

W J Kelleigh E B Farmer

General Flectric Co Eng Recelver Dly
Electronics Dept 1285 Boston Av Bridge-
pnrt ( onn

1J K C G Fick
Gene;al hlecmc Co Lamp Dept Hoboken
General Electric Co Pittsfield Mass
General Electric Co Schenectady N Y
T rammltter Div

A J J Farrell
General Electron!eu Inc 101 Hazel St Pat-

erson 3 N

D E Replogle E J Oberle
General lnd ustrles Co Elyria Ohto a
Boy

General Tnst Corp 829 Newark Av Elizs-
beth 3 N Fisher
(‘erg_erynlclnsulaud Wire Corp 53 Park Pi

General Radlo Co 275 Massachusetts Av
Cambridge 39

H B Richmon M Eastham
General Sclentlnc Corp 4829 Kedzle Av
Chicago

General Telev & Radlo Corp 1240 N
Homan Av Chicago 51 Il
II R Rose oenlng
General Transtormer Corp 12.;0 Van
Buren Chicago I11
orn

L J Seeliz C E DeH
General Winding Co 420 W45St N Y C
W A Barlow
Gentleman Prods Div of Henney Motor Co
1702 Cuming 8t Omaha 2 Nebr
A E Bennett
G1ibbs & Co Thomas B Div George W Borg
Corp Delavan Wisc
P Morrison P Wickham
Glhson Co Wm D 1800 Clybourn Av

Chieag
(‘Ibsnn Flec Co 8350 Frankstown Av
Pittsburg.
Gilifllan Bros Inc 1815 Venice Blvd Los
Angeles 6 Calif
8 W Glifillan C Walcott

Girard-Hopkins 1000 40 Av Oklnnd 1 Callt
J C Hopklns
asswell

AR S C L
Glrdler Corp Thermex Div Loulnvllle Ky
P D Zottu
Gits Molding Corp 4600 Huron St Chlecago
G-M Laboratories Inc 4300 N Knox Av
Chicago
A J McMaster J McMaster
G'%‘”,‘,‘; myv_/ Carborundum Co Niagara
8l
Goat Metal! Stampings Inc 314 Dean St
Brooklyn N Y
I; F Staver
Gothard Mfg Co 1300 N 9 St Sprlmmeld m
R W Gothard G W Fros!
Gould-Moody Co 395 B'way N Y C
Grunlte City Steel Co Granite City 111
Graybar Electric Co Ine 420 Lexington Av
New York City 17
C 8 Powell J W La Marque
Gray Mtg Co Harttord Conn
Grny Radio Co West Paim Beach Fla
G H DeShazo FE Gray
Green Elec Co Inc 130 Cedar 8t N Y C
Grenby Mfg Co Plainville Conn
C A Gray L H Whitney

Greyhound Equip Co 1720 Church Av
Brooklyn

rookly

Guardian Elec Mfg Co 1400 W Washington

Blvd Chicago 1il

F F Rowell Jr N Nelsen
Guided Radlo Cnrp 8161 Av N YcC

F W Nickerson C Dalrymple
Guthman & Co Edwin | 15 s Throop St

Chicago

—_H -
HMlely Co R M 707 E 61 St Los Angeles

R M Hadley H H Hill
Hulldorﬂeln Co 4500 Ravenswood Av Chi-

anmranern Co 2611 Indlana Av Chicago

W J Halligan R E famuelson
Halatead TraMe (‘ommunleaﬂom Corp
155 E 44 St Rm 804 New York t'g

hatcher

J A Curt
Hamilton Radio Corp 510 6 Av NYCl1l
A A Juviler J Ravdin
thm?acr:lund Mfg Co Inc 460 W 34 St

Johnson

Harco Steel Constr Co Inc ll80 E Broad
Ellzabeth NJ

E Schneter

Hardwick Hindle Inc Newark N J
Harper Co H M 2609 Fletcher Chie
Harrison Radlo Corp 12WB'way NYC
W E Harriso
Harvey Machlne Co Inc 6200 Avalon Blvd
Los Amlelm 3 Caltt
L A Harv arvey
Harvey Radlo Labs ch 447 Concord AV
Cambrldze
F Lyman Jr A L Quirk
H;;&vey Wells Electronics Inc Gnumbrldge

R A Mabhler Tarvey
Hartman Corp of America 6417 Dale AV

St Louls Mo
L H Matthey Jr
Harwood Co Div of Lor Angeler Corp
540 N LaBrea Av Los Angeles 36 Calif
G J Levingston A C Pearson
Haskellte M fe (‘orn 208 W Washington St
Chleago 111
Hatry & Younz 203 Ann 8t Harttord Conn

N T Young L W Hatry
Haydon Mfz Co Ine Forestville (‘onn
R A Conover R

Hazard Ins Wire Wks Wllkes-narre Pu
Hazeltine Electronics Corp 58-25 Little
Neck P'kway Little Neck N Y

D F Harnett
H-% Flectric Co 6122 N 21 St Philadelphia

W E Girara
He(lnts & Kaufman Ltd 80 San Franelsco

R H Andersen G Lebedeft
Herr;:‘wh & Rademan Co 522 Market St

Herzog Miniature Lam Wks 12-19 Jack-
8on Av T.ong Island City N Y
Hewlett-Packard Co 395 Page Mill Rd
Palo Alto Callf
G Zieber B Bauer
Hexacon Flectric Co 161 W Clay Av
Roselle Pnrk NJ
T, Johnson

A L Johnso
chkok Flectrlenl Im Co 10514 Dupont
Av Clevel and 8 Ohd
R D Hickok Ji Welsa
Higgins Indunrles Ine 2221 Wa.rwlck Av
Santa Monica Calif
F E Dine Trustee
Hilo vnrnlsh Co Brooklyn N Y
Hilton Engineering Labs Redwood City

Callf
m(gmver Crystal Co 2035 W Charleston
7 0

cag:

Hofiman Radlo Corp 3330 S Hill 8t Los
Angeles Calif

I{%stYntwr 8 Sons Inc 42-53 24 8t L T City

W Schier
Hollywood ‘Electronics qervlee Dept 1223
Venice Rlvd Los Angeles
J Gunter H Schaffer
Holyoke Wire & Cable Colg) Holyoke Mm
Hr;rlro}’mslncmowu tNYCINY
Howard Paclfic Corp 923 N Western Ave
Los Angeles Calif
Howard RadinCo 1731 Belmont Av Chieago
J M Munlz W James
Hovt I‘lec Inst Wks Roston Mass
8 Products 5707 W Lake St Chlcsalo
H R Sienlers D Zmuda
Hubbard Spring Co M D Pontiac Mich
Hudson Amerlcan Corp25W 43St NY C

You A Haas

Hunt & Rons G C 133 N Hanover St

Carlisle Pa

T D Burnett
Hunter-Hartman Corp 8t Louls Mo
Hunter Pressed Steel Co Lansdale Pa
Hygrade Sylvania Corp Salem Mass
Hytron Corp & Hytronic Labs Salem Mass

Ideal Commutator Dresser Co ﬁycamore 1m
I D Applegate
Illinols Condenser Co 1160 N Howe St
Chicago 111

J J Kurland
nncn Copper Tube & Prods Ine Cincinnatt O
tubbers A auly
lmperlnl Molded Prods Corp 2925 W
Harrison Chicago 12 Ilt
L H Amrine R E O'Nelll
Indiana Steel Prod Co 6 N Mioh Chicago
In; Nyg}l%n Heating Corp 389 Lntayette

W E Rudd

Industrial & Com Electrobics P O Box 296
Belmont Calit

R C Shermund D G Ciifford

Industrial Cond Corp 1726 W North
Av[g}mlcazo 221

ngle H L Sklar
Industrial Fliter mlP Mtg Co 1621 W
Carroll Av Chleag
acAllister

J W M
Industrial Instruments Inc 17 Pouock Av
Jersey City 5 N J
P M Gotthol hnoll

d N Sch
Industrial Molded Prods Co 2035 Charles-
ton Chicago I

H
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one step

Smashing the Swastika does not mean total Victory. There is still the Rising
Sun to be taken care of . . . But, the victory in Europe is one step nearer to con-

version to peacetime pursuits.

Here at JENSEN total conversion will be merely a matter of continuing to pro-
duce outstanding, improved, high quality acoustic equipment. This is a con-
tinuing tradition at JENSEN . . . One example of advancement will be JENSEN

Loud Speakers with Atwrceo 5.

Shhecialisls en Desigre and Alanufactinre of cdeowslic Equdfernered
V4 7

ENSEN RADIO MANUFACTURING COMPANY, 6601 SOUTH LARAMIE AVENUE,[CHICAGO 38, ILLI
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Industrial Synthetics Corp 60 Woolsey St
Irvington N J

Kautman
Xndustrh,l‘ 'll;llsmr Corp 115 Edlson Pi

ewWar
Instrument Resistors Co Littie Falls N J
A H Mellck
Instrument Specialties Co Inc 224 Bergen
Blvd Lm.le Fl.lll NJ X
tickney

W Cars
Ins l:nlon adltﬁrl Corp 565 W Wuh Blvd

o

E Cy B F McN
Insum org of Amerlc. 36-02 35 Av
Long Island City N

ter
Intl Detrolo Corp Beard & Chatfield Sta
Detroit 9 Mich
Intl Prods Corp Baltimore 18 Md
International Resistance 401 N Broad St
Philadelphia 8 Ps

J Mars
International Screw Co Detroit Mich
Irvington Varnish & Insulating Co Irving-

ton N J
Isolantite Ine Belleville N J
G W Hawkins

JR Q.

Jackson Electrical Inst Co Dayton O
Janette Mfg Co 558 W Monroe Chicago Il
A E Klunder J Kotchevar
J-B-T Instruments Inc 441 Chapel 5t New
Haven 8 Conn
E Andersen

R M Bixk
Jen'erson blec Co Bellwood Ill
E L Maurer
Jeﬂemon lyl_lc Ray 40 E Merrick Rd Free-

cnm R Jefferson
Jefferson-Travis Corp 245 E 23 8t New

York City 10

E E Ellinger Jr w B Witkens
Jeliift Mfg Corp Southport Con
Jensen Radlo Mfg Co 6601 8 Ln.rnmle Av

Chicago 11

T A White H 8 Knowles
Johnson Co E F Waseca Minn

E F Johnson W Olander
Jones Co Howard B 2460 W George St
Chicago Il
—K —

Kaar memeerlng Co 619 Emerson St Palo
AI o Cal
J N N C 1elwig
Knrad!o (,orp 1400 Harmon P1 Minneapoils
Kato anlneerlng Co Mankato éﬂﬂnn

C H Jon
Kellogg %\\ ltchb d & Supply Co 60")0
Cicero Chiecago 1
Kemlite Labs 1809 h Ashland Av (‘hlcazu
J V Daniels 1 Floyd
Ke}g-nw Tube & Lamp Corp Owenaboro
y

. G W Balo
KenyenCTrans(ormer Co Inc 840 Barry 8t

R B Bhimer
l\e(s:mr Bolder Co 4209 Wrightwood Av

Keuftel lt Esser Hoboken N J
Klrkland ICo HdR Morristown N J
nap&ﬁonmh Co Bent & Potomac Sta

W Clemons
Knlzhu Co nmu Sandwich m
L A Fav M A A Druesne
Kold-ﬂold Ml’g Co 446 N Grand Av
Lansing Mich
Kousmm Inst Div or Stzuare D Co 80-08
45 lsvc Elt:nhum
Krueger &oﬂudepohl 3rd & Vine Su Cl n-

cinm

¥ G eg:;l F H Hudepohl
Kulka Elec tg Co Inc 30 South St Mt

Vernon ulka

w Kulk E R K
Kurts Kasch Inc 1421 8 B'wa; Dlywn o
Kasch
Kux Machine Co 3930 W Hl.rﬂ.son Chicago
J J Kux A 8 Kux

—L=

Lafayette Radlo Corp 901 W Juckson Blvd
Chicago 7 Tl
8 W Herke A Rattray
Lamson & Sessions (‘o Clevelsnd (o]
Langevin C'o 37 W 65 N
Lapp Insulator Co letoy V Y
Lusvole Labz;rnwnee Morgnnvllle NJ

Lavole M Schmeling
Lear Inc 1480 Buchanan Av 8 W Grand
Rapids Mich

E R Crane L G Woycke
Lectrohm Inc 5123-5131 W 25 8t Ciclero
S:OJ m
oy
Leeds & \onhrup Co Phllndelj)hla Pa
Hess Harsch

Lehlxh 'ir,ructuml Steel Co 17 Battery Pl
New Yorl é
Leland hlectrlc o 1501 Webster St Day-
ton 0
WFL B George
Lens Electrlcal Mig Co 1751 N West,ern Av
Chicago 47 111
R G Zender

Lepel 1.abs 39 W60 St N Y C

L Teitler { Peterson
Lewls Electronles Los Gatos Calif
M Shaw G W Lewis

Lewyt Cor 60 B'way Brooklyn N Y
R M

n A Wolt
Llngo & Son John E Camden N J
Lingo Th ompsnn
Ltnk “Radio Corp 125 W 178t NY C 1
F M Lin! FT Budelmm
Littelfuse Inc Box 150 Ei Monte Callf

un
Lm.;:lnt Engineering Labs Redwood City

J G Copelin W C Wagener
Loeke lg‘s:lunor Corp P O Box 57 Balu-

R G Bellun R L MeCoy
Lord Mfg Cu Erie Pa
Louthan Mg Co 2000 Harvey Av E

lee
C W Gerster
L-R Mtz Co Torrlnzton Conn

36

—M -

Maas & Waldstein Co Newark N J
Macallen Co Boston Musrs
Magnavox Co l-ort Wayne 4 Ind

L E Quinnell R H Drelsbach
Magnetic Windings Co Div of Essex Wire

Co 16 & Butler Sta Luton Pa S
: ouse

RIit
Ma, é;mc R,nnt}lo & Telev Corp 2600 W 50 8t

¥ Pacholke

Mallory & Co 1n¢ P R 3029 E Washington
8t Indlanapolis 6 Ind

J E Cain bbln

E
Mall Tool Co 7708 8 Chicago Av th
Mangold Radlo Parts & Stsmpmz Co 83
Shelbnurne St Philadeiphin 11 Pa
F Strobel F 8 bel

Mnnumcturers Screw Prods 210—"22
Hubbard Chicago 10 Il
N R Sackhelm A Mosow

Mauarken Machine Co Keene N H
McClintock Co O B 139 N Lyndale Av
Mluneapoua Minn
J Boucher

L G Pattee
MoFlro&Mfg Corp 82 Brookllne Av Boston
cElroy T_R McEiroy
Measurements Corp Boonton N J
Minter

H W Houck
Meck Indusmes John Plymouth Ind
Js Wexler
Megard Corp 1601 S Burlington Av Los
Angeles 8 C
J D Fum!erhurg A Tro
Melssner Mfg Co 7 & Belmont 8ts Mt
Ca.rmel [ll
GV E J Stanmyre
M:rco:d Corp 4201 Belmont Av Chicago

C Coul I E McCabe
Merlt. Coll & 'rranerormer Corp 4427 N
glzgk Chicago 40 Il

H Jon
Metals & ( untrols (Corp Gencral Plate l)lv
Attleboro M
Metaplast Co 205 W 19 8t New York
J Steln M A Prince
Miea Insulator Co 200 Varick St N YC
M A Chapman H Spry
Micamold Radlo Corp 1087 Flwahlnz Av
Brooklyn6 N Y
FA iting A DiGlacomo
Micarta Fnbrlcaton Inc 5324 Ravenswood
Av Chlc&zo Im

E Met. L Nordite

Miero Swlcch Div Freeport 11i
| A Celander
Mldwezt R&dlo Corp 909 B'way Cloein-

A G Hoftm: P Smith
Mlllen Mlg Co Malden Mass

J Mille W Caywood

Milier Co J W 5917 S Main St Loa Angeles

P O'Connor

Minneapolis-Honeywell Regulator Minne-
apolls Minn

Minn Mining Co 1556 Av New York City

M}&cl‘}_el(lz I;.and Insutation Co 5@ Murray

W B Stevena J J Finn
Mobile Refrigeration Diy Bowser Inc 38-
32 54 8t Woodside N Y

C Passman E Lodwig
Molded Insulation Co 335 E Price Phila Pa
V Zelov A Ziliger
M:)p..tnr Plezo Prod Co South Pasadena
H E Blasier HE mw(er
Monowatt L Ie('}t{rllc Corp 66 1issell St

Providence 7
G B Behander
Monsanto Chemical Co Springfield
Moesman Inc Donald P 612 N Mlchtgan

D P ' A Koerner
Muehlhausen Sprlng Corp mnn&pon&gd
n

Muallar Electric Co 1583 E 31 St Cleveland
8 Mueller E H D

eConingh

Murdock Mfg Co Chelsea Masa

Muter Co 1255 8 Mich Av Chicaxo 6 111
L F Muter Rolletson

Mycalex Corp of Amer Clmon

J Talsho! A J Monack
—N—
Natlonal Co Inc 61 Sherman St Malden
Mass
W A Readly D H Bacon
Natlonal Electronie \mz Co 22-78 Stein-
way an. Island City N Y
E Friedlander
National l-all)rlcated Prods W Belden Ave

Chicag

w \l Charney H Ritsch
National Screw & Mtg Co Cleveland Ohto
Natlonal Unlon Radio Corp 15 Wash

Newark N J
Dr L G Hector

N%ll(ﬁnal Varnished Prod Corp Wood-

Ntl Vulcanized Fibre Co Wiimington Del
Johnston

Newark Tramtsor{ngr Co 17 Frelinghuysen

AV Newark

M J Herold O A Keefe
New Enmmud Mica Co Wu.lthsm Mass
Plimpton " R Mansfield
New mz innd Screw Co Keene NH
New Wrinkel Inc Davton O
New York Transtormer Co 26 Waverly

J ( lllndle urzyckl
Noblitt ¥parks Ind Ino 13th & Blg 4 RR

Columbus lnd
AES ‘l(l:lv:

Q G Nobltt
Nocmvnglecmc Corp 55 W 13 8t N Y

nk
No. American Philips Co 145 Pallsade St
Ferry N

Dobbs
E J Kelly H G Boyle
\orthem Labs Ltd 3-01 27 Ave L I City
J Zaleski

Northern Industrial Chem Co Boston Mass
Northam Warren Corp Stamford Conn
Norwalk Transformer Corp South Nor-
walk Conn
Nothelfer Winding Labs Trenton N J
—_0 —

Oak Mtg Co 1260 Clybourn Av Chicago 10
E Sandstr: E J Mastney

Ohio Carbon Co Cleveland O
A K Mouiton L L Rtoftel
Ohlo FElectric Co 74 Tnoity IN Y C
Ohlo Nut & Bolt Co 600 Front 8t Berea O
R A Reich Jr
Ohmite Mfg Co 4835 W Flournoy 8t
Chicagn

J 8 Howe

H Levy
Onan & Sons, D W 43 Royalston Av
%ilnneapollss

J C Holby
Operadlo Mig Co St Charles 111
G R Haase J F McCralgh
Owens-Corning_Fiberglas Corp Toledo O
Oxtord-Tartak Radio Corp 3911 8 Mich Av
Chlcago Il
G Rusher

—P—

Pacific Metals Co Ltd San Franeisco Callf
Pax an"l Beil Co 1115 8 Hope St Los
H D Thomas Jr A R Ellsworth
Palonut Co 92 L,ordlur 8t Irvington N J
J R Hotchkin E HiN
Panoramic Radio Corp 245 W 558t N Y C
H L M Capron J T Heller
Partsian Novelty Co 3510 8 Western Av
€hicago 11l
L J Komorous
Parker Co Charles Meriden Conn
Parker-Kalon (Co 198 Varick St N Y C
Par-Metal Prod Corp L 1 Cltr NY
Patton-MacGuyer Co 17 Virginia Av Prov-
idence 5 R 1
J Teeden R C Patton
Pawtucket Screw Co Pawtucket R I
Peck Spring Co Piainville Conn
Peerless Electrical Prod Co 6920 McKinley
Los Angeles Calif

J Jauch
Perkins Machine & Gear Co Springfield
ass
Permoflux Corp 4918 W Grand Av Chicago
W E Gl

man
Peterson Radlo Councll mum; Ia
Pheoll ‘\H‘ Co §700 Roosevelt Rd
Chicago
EM “hl Ing ¥ P Tisch
Philco Corp Tloga & C Sta Phlladelphln 34
J Ballantyne P Cralg Radlo
F J Bingley Telev
Ph{}h{\'rgnnlc Radio Corp 528 E 72 8t

A R Fishet V_ Brocluer
Phllmnre \mz Co 113 Univ PI N Y € 21
> Schwartz R Burke
Phoephor Bronze Smelting Co Philu Pa
Photobell Corp 116 Nassau St N YC
A Edelman
Plerce-Roberts (*o ‘Trenton 6 N J
H W Roberts
Pllot Radiu Corp37-0636StLICIty NY
1 Goldberg RKhapiro
Pioneer Gen-IF,Muwr 5841 W Dickens Av

Chicago T
Plux Corp Hartford Con:
Polymet Condenser Co 701 E13StNYC
£ Fishbherg
Poll;tker Metal Prod Co 490 Johnson Ave

1
Potter & Brumfield Co Pﬂncemn Ind
Potter Co IN:O Shertdan Rd N_Chicago Il
Pot! W F Potter
Power (lty Radlo (‘o 209 South 1st St
Sloux Falls 8 Dak
' B MoKenzie Hering
Powera I-,Iectronle & Comm. Co New 8t
Glen Cove N Y
A J Sanial
Precisl ‘abr Tnc Roch NY
Precision Plezo Serv 427 Mayflower 8t
Baton Rouge La
Pearce

CE
Pr%clslon Tube Co 3824 Terrace St Pbla

N H Jack E Turn
Premnax Prods Div Chuholm-Ryder Co lnc
Nlacuru Falls N Y
G O Benson
Premier Crystal Labs Inc 63 Fark Row
NYC

A A Gluss H M Buch
Premier Metal Etching Co 21-03 44 Av
ngvlnlund City N

Press Wirelces Inc 1475 Rroadway N Y

A Warren Norton I~ [ Eldredge
Press Wireless Inc chnvﬂl &

urtan

Presto Elee Co New York Av Unlon City

Presto Recording Corp 242 W 568t NYC 19
R C Powell G J Sallba

M M Gru
Printiold Inc 93 Mercer 8t N Y C 12

Margolish
Pyroferric 175 Varick St N Y C

—_Q -
Qu}g}l‘(lelr City Gear Wks Inc N Front St
Quam-Nlchols Co 33 P1 Av Chicago 1

J P Qua HF Bren
Qumz l.abu 1512 Oak 8t Kansas City

H Bowman O Jenkins
—R —

Racon Electrlc Co Inc 52 E 19 St. NYC3

A [ Abraha Abrahams

Radell Corp (.ulll’ord Av Indlnnapolls Ind
Radex Corp 53 W Jackson Bivd Ci mcuo 1)1
R R Cook * Holmes
Radlart Corp W 62 8t (‘Ieveland Ohlo
J N Schwerkert R Bilauvelt
Radlntllon Prods inc 1142 Wall 8t Loe

R 18 G M Ure: (!,
Radlo City Prods Co 127 W 26 St N Y
M Reiner M Liebtich
Radio Condenser Co Camden N J
J 8 Robb

ramer 8|
Radlo Corp of America RCA Victor Div
Camdep 2 N J

r C B Joliffe

Radlo (‘ratuzmen 13418 \ﬂch Av Chicago
B L Frien 3 1, Friend
Rad\oEIecSe ooanNW(‘or7&

Arch Su Philadeiphia 6 Pa

Radlo Enz!neerlng Labs Inc L I City N Y
C Srebroft F A Gun!

Radlo Frequency Labs Boonton N J
Corbin W

R R urz
Radlo Invem.lons Inc 156 Pu'ry St NY

R W Bristol J V L, Hogan

Rait)llonl:lts Engineers Inc 306 First Av

R M Planck
Radiomarine Corp of America 75 Varick 8t
New York City

Radlo Raeeptor Colno251 W 19 8t I‘{Y C
H D Gibbs

Radio Sps ken Ino 221 E Cullerton Chicago
H C Forster G 8 Holly
Radlo Stugllos Inc 136 E 3 8t 8alt Lake

C“% Stillm

GwW
Radio Transeelver Lnbs 8717 117 S'. R|ch-
mond HII N Y

acobs F Jacobs
Radio Wire Telev Inc 10086 Ay N YC3
B Lehman . Marko
Rauland Corp 4245 N Knox Av Chlcaxo 41
N Raulan J J O'C

Pt allaghan
Ruumond Mrw Co Corry P
eldt P Gorl
Ralgmond Rosen & Co Radlo Eng Pr
v 32 & Walnut Sts Philadelphia 4 Pa
P Clark N Lapp
Ra‘\v//ltheon Mg Co Foundry Av Waltham

v
I. K Marshall P 1. Spencer
Readrite Meter Works Bluffton O
Rea Mugnet Wire Cov E Pontiac St Ft
Wayne Ind
Snyder

EI
R E C Mfg Corp 1250 Highland 8t Hollls-
ton Mass

R E Chick N F Huntley
Redmond Co A G Owosso Mich
R H McCabe Latta

Reeves Sound Labs 82 W 47 &t 2 F%C

eev
Rehtron Corp 2159 Magnolia Av Chlcuo
Re(l:l:{we I)Iel & Stamping Co 1260 Clybourn
Rerlr;ler Co L.td 2101 Bryant St 8an Fran-
clsco
E G Dantelson A Greene
Repuxuc Steel Corp Republic mdx Cleve-
an
Revere Copper & Brusa 230 Park AVN Y C
Richardson Co Melrose Park 1l
Rirhardson Allen Corp 15 W 208t N Y C
E H Connelly
Rider Lubs John F 404 4 AV N Y C
J M Borst
Rockbhestos Proda Corp New Haven 4 Conn
B H Reeves H 8 Moore
Roebllnn s Sona Co John Trenton NJ
C R Tyson C M Jones
ognn Bros 2001 8 Mlchlxnn Av Chicago
n & Haas Co Wash Sq Philadelphia Pa
Rola Co Inc 2530 Superior Av Cleveland O

J Q Tiedje

Roller-Smith Dlv Realty & Industrial Corp
Rethlehem P

WS (‘-ubelmnnn Jr A C Bates

Rowe Industnes Inc Toledo O
Roya! Fngineering Co East Hanover N J

C K Rose

Ruby Chemical Co 68-70 McDowell 8t
Columbus 8 Ohio

G C Baker C Baker

Rl:!uel N urd & Wire Co 4723 Momrou Av

cagzo

Russel, Burd.snll & Ward Bolt & Nut Co
Port Ches! Y

Russell Co Chlcaxo

Ryerson & Son Inc Joa T Chicago Ill

— -
Sanborn Co 39 Osborne St Cambridge

Mass
J L Jenks Jr A Mtiler
Bngmmu Electric Co Springfield Il
F C Holts
8chott Co Wuur L 9306 Sapnta Monica
Bivd neverly Hilla Call
F Wilborn

. Schot
Bclhuulz & Co %& Kearny 8ts N E Wash-

1. A 8chi ttl lllams
Scientific Radlo Prods Co 738 W B'way

Councii Blufis Is

L. 1 Meyerson A Rhidler
Betentioe Radio Serv 4301 Sheridan Bt

gn,l;'e[‘mnv Pk Hyul.mvnle Md

“irenhau
Scott Radlo I.abo Ine 4450 Ravenswood AV
hicagn T
E J Halter M Hobbs
Scovill Mg Co 99 Ml St Waterbury Conn
N A Cornell

Security %eel Equip Corp Avenel N J

SBeeburg C: orp J P 1510 Daytnn ﬁ\: Chicago
J L Bai M W Kenney

‘-\el‘sch\r M!g Corp 21-10 49 Ave LICity

C R de* Powers
Selentum (orp of America 1719W Pleo
Blvd Los Angeles Calif
M Burlin E Lidow
Sensitive Research Inst Co 9-11 Elm Av
Mt Vernon N Y
Wol V P Cronin

DE 1t
Sentinel Radlo Corp Evanston IH
Se&clﬁll Carlson Inc¢ 2233 Unlv Av St Paul

nn
B T Setchell B T Setohell
Seymour Mfg Co Seymour Con
Shakeproof lnc 2501 N Keeler Av Chicago
W M Hanneman
Shalleross Mfg Co Colllngdl‘gle Pa

D H Shallcross D V Mitchell
Shand Radio lalties 203 W 8t

Flint 3 Mlch

F. H Shand

Shan
Sherman Mfg Co H B Battle Creek Mich
Sherron Metallic Corp Flushlnu Av Bklyn
P H Sherron " Barasch

Shure Bros 225 W Huron Chlcuo lll
auer

Shul
Slcklm Co F W 165 Front St Chlco})ee
M Benner

en
Signal Llecmc Mg Menominee Mich
[¢) enes R Winthers
Sigma Inst Inc 70 Ceylon St Bosmn 21
ass T Fisher
8ignal Indicator Cor% 140 Cedar St N Y C
Simplex Wire & le Co 79 Sidney St
Cambridge 39 Mass
E W Davis

FM anxp TELEvVISION



RADIO WAVE

Many police departments that haven't been able
to replace their prewar radio equipment are getting
better performance from it today than in 1941.

How? The method is simple. Once a month, the
radio supervisor gives each car installation a "60
Seconds Check” with a BROWNING Frequency
Meter.

That's all. But in one minute he corrects any fre-
quency drift that would cause a drop in signal-to-
noise ratio and consequent loss of operating effi-
ciency.

Remember: You can guess at the inflation of a tire
by kicking it, but you can't kick radio waves. You
have to measure them, and that takes a BROWN-
ING Frequency Meter.

If you haven't one of these instruments to check
your equipment, write today for information and
prices, giving the frequency or frequencies you
want to check.

BROWNING
LABORATORIES

INC WINCHESTER
. MASSACHUSETTS

YOU CAN'T KICK A
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Simpeon Electric Co 5208 W Kinzie St
Ct |cn¢o 44 1M
HAB reuter H A Bernreuter

Sinter Flectrlc & Mfg Co Brookiyn N Y

8mall Motors Inc 1308 Elston Av Chi-

cmzo 22
A C Johnso G E Ditzler
Snyder MIg Co 22 & Ontario Sts Phila
B L Sny G Snyder
Sola Elec Co 2525 Clybourn Av Chicago 14
M A Tennyson
Solar Mtg Corp 285 Madison Ave N Y C 17
J I Cornell
Sonors Radio & Telev Corp 325 N Hoyne
Av Chicago Il
J Ge: ) Fetterman

rl
8ound Equipment Corp 3903 ﬂan Fernando
I[;d“(‘rllemhﬂe 4 Callt

! D Jo
Southeastern Rndln Supply Co 11 E Ilnr-
gett Ralelzh
A Rothsteln 8 H Kahn
Southern Wholesalers Inc 1519 F St N W
W’u.‘lhlnﬂ on D C
W E O'Con
Southlnmon lldwre Mfg Co Southington
onn
W Smith
Spark- w Ithlnxtcn Co Jackson Mich
Kayk: H V Nlelsen
Spauldlnz Mbre Co Ine 233 B'way N Y C
- « (’l;telﬂt( & ST }!;A Russell
peer Reststor Corp § arys Pn
G G Herrlck H N Veley
Spencer Thermostat Co 34 Forest St Attle-
bhoro Munss
V G Vaughan J D Bolesk
|perry (‘.yroov-ope Co Ine Garden City N
P R Bassef Sparling
Spert! Inc Norwood Statlon Cineinnati O
R A Lostro H Rinehardt
Sprague Electric Co North Adams Mass
Stackpole Carbon Co FElectrontc Com-
onenta Div St Marys Ps
H Stackpole resael
Stallman of Ithaca 210-212 N Tlocn St

Ithaca N Y
Vest P F Loveless
Etandard Plezo Co Carllsle Pa
F E Reader W E Richmond
Sgundnrd Pressed Stee Co Jenkintown Pa
Sm}\- .n‘r{]landlu Parts Co 1244 State Ra-
cine Wis

J A Swanso
St?‘ndardl Bpﬂng & Mfg Co 236 42 St

F Costel I A _H Costello
Standard Transtormer Corp 1500 N Hal-
sted Chieago Il

Standard Wlndlng Co 44—62 Jobna St

Newburgh
A Catanzariti
Stanley Tools 111 Elm Sz New Britain
Conn
M A Coe
Star Porcelaln Co Trentoo N J
Bteel Sales COIEP 129 8 Jefferson St Chicago
d Mg Co Chattanooga Tenn
] Mfe Corp 4311 Ravenswood AV
(‘hlrmzo 13

> Koch J M Hrouda
Suwg{rt Stamping Co 621 E 216 St Bronx

St.ewan-Warner Corp 1826 Diversey
Stlcht (]n ‘lnecg H 27 Park PINYC
Szllle—Young Corp 2300 N Ashland Av Chi-

C!

280 EF Schnelder
Stokes Rubber Co Joseph Trenton N J
fitokes Muchine Co F J PhllMelphIa Pa
‘Stromberz-Curlson Co Rochester 3 N Y

R H Manso C Young
qtruthers-Dunn Inc 1321 Cherry St Phila
8tupakoff Ceramio & Mfg Co Lutrnhe Pa

S H Stupakoft R E Stark
8ullivan lesh Co 410 N Hart 8t Chi-

cago
i M Sullivan
Sun Radio Co 212 Fulton St N Y C
8 Schwarts
Super Electric Products Corp 1057 Sum-
mit Jersey City N J
Superior Electric Co Bristol Conn
Buperior Tube Co Norristown Pa

L Gabel E W Miiler
Supreme Inst Co Greenwood Mlnu
G Perkins m

Burprenant Elee Insulation Co 84
chase Boston 10 Mass
E M Quill G E Forsberg
Sylvania Electric Prods Inc Emponum Pa
M F Balcom R M Wise

c
Synthane Corp Oaks Pa
R R Titus

_T —

“Tablet & Ticket Co 1021 W Adams St Chi-
cago
W A 8plelmann

Taylor Flbre Co Norristown Pa

Taylor Tubes Inc 2341 Wubansla

Tech Art Plastica Co_Ino 41-01 36 Av
Long Island City N Y

R E Berg J Petersen
Technlen.l Appliance Corp 516 W 34 St
H H Lundahl
‘l‘echnlca.l Laba 7 Lincoln St Jeney City
Bjorn
aph A tus Co 324 W Huron St
T oz 16T™

G od
Tel ephomeu Corp 350 W318t NYC
J F Stengel W T Weldenman
Tel eradl Eng Corp Shannon & Barret

8ts Wilkes-Barre Pa N E Leddo

Tegoplewne Radio Mfg Co New London
nn

O Dane Dr D Pollack

Tegng‘ey Eogineering Inc 26 Av B Newark

M Seligmon A Sewell

‘Thermador Fiectrical M!s Co 5|19 River-
side Los Angeles 22 CAl!

W E Cranston Jr J Wardell

Thﬁ!.n'u & Betts Co 36 Butler St Elizabeth

C A Badeau
58

Thomg & Skinner Steel Prod Co Indian-

apol

Thompeon Clock Co H C Bristol Conn

Thordarson Elec Mg Co 500 W Huron
Chlicago 10

Tillotson Furniture Corp 22 Steele St
Jumestown N Y
J Tillotson Jr

Trade-Wind Motortans Inc 5725 8 Main
8t Lon Amzel Call

ter Equlpment Mftg Co Inc 345

Transm

Hud a(m St N

M B Kahp 8 L 8ack
Trav-Ler Karenoia Radio & Telev Corp

571 W Juckson Blvd Chlicago 6 T
J Fried: RJO Brlen
Trelt,el~Grav.z Colnc 142 E 328t N Y ¢
F WG '.z

‘Trent Co Harold h Phlladelphln Pa
Trimm Inc 1770 lerteau Chicago
Triplett Elec lnst.rument Co Biunton O
R L Triplett F J l.ingel
Triumph Mtg Co 4017 W Lake St Chicago
Truscon Steel Co Youngstown O
‘Tull Metal & Supply Co Atlanta Ga
Tu}x}ﬂsol Lamp Works Inc 95 8 Av Newark

A K Wright
Turner Co 909 17 St N E Cedar Raplds Ia
R P Evans R H Mayer

—_U -
Ueinite Co Newtonville Maas
G V Sweetman C A Woodward
Ungar Inc Harry A 615 Ducommun St 1.08
Atige{js 54 Calit
United (.Inephone Corp Torrimnon Conn
L B Cornwell Miller Jr
Unlted E}ectmnlcs Co 42 Sprlmz 8t New-
agk N

F Steiger
Uulted %Igentmc Labs 440 Lalayen,e le C

M
Unlt.ed Transformer Co 150 Varick N Y C
Unlversal Mlcro l}lone Co 424 Warren Av

Inglewood
L Willyard
Unlvernl Plastics Corp New Brunswick

R 0 A Peterson E F Keusch
University Labs 225 Varick St N Y C

A Blumenfteld
U%wg CScrew & Bolt Corp 71 Murray

U 8 Rubber Co 12308 AVN Y C
Utlah Radio Prods Co 820 Orleans Chicago

0
W A Etlmore M S Danisch

—_V =
Vaillgey (liwrysm Corp 1244 Highland Hol-

T S Valpe! D MacDougall
Varflex Cor 305 N Jny St Rome N Y
Victor Insulators Inc Victor N Y

er

E M Me;
Vasco Elec Mfg Co 4116 Avalon Blvd Eoe
Angeles
Vibration Specislty Co 1536 Winter St

Philadelphia Pa
Vulcan Elec Co Lynn Mass

—_W —
Wéllll(.er-.llmlesnl!l: Inc 311 8 Western AV
R E Walker P Chauncey

Walker-Turner Co Inc Plainfleld N J
ngmlMdfg Co Wm T Madison & Chill

W T Wallace R Myers
Ward Loonard Eleo Co 31 South 8t Mt

W W Miller
Ward Prodn Corp 1523 E 45 Cleveland O
Wnrwlck M!g Corp 4640 W Harrtson Chi-

0 4
J‘g H A Gates
Wuwrson Radlo Mtg Co Dallu Tem
J W C O'Nelll

Webeter Producta 3826 W Ammnge AV
Chicago
D MacGreg: N L Conrad
Western Electrlc ColIncl120 Bway NYC 5
F R Lack N Willeta
Western Felt Works 4031 Ogden Av Chi-

cago
wuuler.hograhCowOEthlu
An%elu 4 Call
E Shaw
Wemnuhouse Elec & Mtg Co 2519 wu-
kens Baltimore 3 Md

C J Burnside R N Harmon
Westinghouse L.amp Div Bloomfleld N J
‘Weston Elec Inst Corp 614 Frelinghuysen

Newark 5 N J

E Miller

Maellen JH
Wl(l:eeler Insulated Wire Co Inc Bridgeport
A Sleplan G B Horn
Wheelco Insts Oo 847 Harrison Chilcago
P A Blandfor: T A Cohen
White Dental Mlg Co 10 E 40 St N Y C
Whitehead Metal Prods Co 303 W 10 St

YC

Whitney Serew Co! Nnhua NH
Wick O an Co Highland I

lectric Co Inc 1400 Chestnut St
City 1 Mo

cox A P Stuhrman
Wilcox-Gay Corp Charlotte Mich
wm & Co lnc Pittsburgh Pa

A C Al
Willor Mbt Corp 794 E1408t NY C
Wuwmlngtfn Fibre 8peclalty Co Wilming-
n e

J W Morris
Wilson Co H A 105 Chestout Newuk NJ
Wincharger Corp Sloux City 6
R F Welnig V C Miron
Winsiow Co Inc 9 Liberty St Newark N J
R R Kna) Pp
W&M Div Hudson Wire Co Winsted

E Grifin
wm Co 5221 Greene 8¢ Phila 44 Pa
P B 8Btuckey
Electronlc Devices 609 W Lake
Sl. Chicsgo 6 IiL
L L Worner A E Eidam

Wyatt Cornlok Inc Grace at 14 St Rich-

mond Va
G M Wyatt Jr JM Wyatt Jr

—_Y —
Yaéxcey Co Inc 340 W Peachtree St Atlanta
B
M W Edwards

.

Zetss Ing Carl 485 Fifth AvN Y C
Zenith Radio Ccrp 6001 Dickens Av Chl-
cago 39
E F McDonald Jr G E Gustafson
Zierick Mfg Co 385 Girard Av Bronx N Y
Zobrist Co Herb E 2125 Westlake Av Seat-

tle 1 Wash
Zophar Mills Ine 112-130 26 St Brooklyn
A Saunders

GENERAL MANAGERS

—A —

Abrahams AI Ruacon Electric Co Irc
Abrams B_ Emerson Radio & Phono Corp
Altchison RJ Fansteel Met.nllurgleal Corp
Alden M Alden Prods C

Amrine LH
Amy EV Amy Aceves & K!

Andersen RH Helnts & Kaufman Ltd
Apndrea FAD Andrea Radlo Corp
Andrew FJ Andrew Co

Armstrong AC _ Willlams & Co Ine
Atkinson LH Elastic Stop Nut Corp
Avery RS Avery Adhesives

Bachner EF  Chicago Molded Prods Corp
Hulley JJ  Cover Dual Signal Systems
Baker GC Ruby Chemical Co

Beers OE Conn Ltd C G

Behringer GF  American Steel Package
RG Locke Insulator Corp

Benson GO Premax Prods Div Chisholm-

Ryder Co
Berard AA  Ward Leonard Elec Co
B RE Tech Art Plastica Co In¢
Berke 8W te
ernreuter
ckpell RS American Lava Corp
robach N Birnbach Radio
Iszer OF Winsted Div Hudsun Wire Co
xier RM J-B-T Instruments Inc
andford PA Wheelco Instruments Co
Bliley FDD Bllley Electric Co
Blumenthal CR  Atlas Sound Corp
Boes WW__ Boes Co WW

TEEE

Bowman H 1
Brannan RE Bakelite Corp
Brassil W’ d estlake Co

ams
Brister JE Bakelite Corp
Bristol RW Radlo Inventions Inc
Brown HH Technical Appllance Corp
Bunch CH Acme Flec & Mfg Co
3urlin M Selenlum Corp ol America
jurnett T1D G C Hunt & Sons
Burnside ('J Westinghouse Eleu & Mig
Burritt 1IW  Eureka Vacuum Cleaner Co

—_C -

Caln JE Mallory & Co Inc

Cannon RJ Cannon Mfg Cor

Capron HLM  Punoramic Radlo Corp
Carbonars VE Kolisman Inst Div
Cardwell DA  Cardwell M{g Corp
Carson RW lnstrument Speclaities Co

Church VS Burton-Rogers Co
Clare CP Clare & Co C P

Clark LP Raymond Rosen & Co
Coc MA Stanley Tools

Cohen M 8ickles Co F W

Cohn H Radlo Receptor Co Inc
Cohon MM  Carron Co

Cole 81  Aergvox Corp

Collins AA Colllnn Radlo Co
Collman CC Bliley Elec Co
Connelly KX Allen Rlchnrdsnn Corp
Conover RA aydon Mitg Co Inc
C Cornlsh lre Co ne

R Radex
Copelin JG Lmon a;glneenng Labs
Cooper BW

Corbin R Radlo Frequency Labs Inc
Cornwell LB United Cinephone Corp
Cosgrove RC Crosley Corp

orp
uft Cn.y Distributing Co
Craigmlile C3 Belden M{g Co
er RE Radlo Condenser Co
Crane ER

Ino
Cranston WE Thermador Electrical Mfg
Crawford RM Dures Plastics & Chem
Crompton EE Burke Eiectric Co
Cummings BR Farnawurth Telev & Radlo
Curtls JA Halstead Trafle Comm Corp

—_D -

Dane O Templetone Rudlo Mfg Co
Danifeis JV Kemllte Laba

Danfetson EG Remler Co Ltd
Danziger HI Crowley & Co In¢
Darnell DD Afr Communluﬂu&n Ino

Dine FE _Higglns Industries Ing
Doherty EW American Elee Heater Co

Donohoe NR Magnetic Windings Co
Dow WH TDow Chemical Co
Downsbrough GA Boonton Radio Corp
Doyle RF Alllance Mfg Co

Driver L Driver-Hurrla Co

DuMount AB _DuMont Labs Inc
DuVall FB Electronic Mechanics Ine

liberts 3 Dinion Colt Co Inc
Ecksteln EA  Ecksteln Radio & Telev Co
[idwards MW Yancey Co Inc
Eisenhuuer HD Sclentific Radio Serv
Ellinger EE  Jefferson-Travis Radlo Mig
Ellmore WA _Utah Radlo Prods Co
Engle KD Industrial Condenser Corp

D Federal Mfg & Enz Corp
Esposito JR _ Ault & Wiborg D!
Evans RP Turner Co

—_F —

Falck FW  Advance Elec Co

Favor LA Knights Co James

Feldt EW  Raumond M, Co

Felker MN  Felker Mfg

Fisher AR Phllharmonlo delo Corp

Fisher A Condenser Prods Co

Flanzer JA P,lectro Motive Mfg Co

Forster HC _ Radlo Speakers

Foute AJ Drake Mg Co

Frank J  Alrking Prods Co

Franklin AW Franklin Mfg Corp

Fredericks WH  Electrical lndustrlu
freed A Freed Radio Corp

Freed L Freed Transformer Co

Friedlander E Ntl Electronic Mfg Co

Friedman J Trav-Ler Karenofa Radlo
Telev Corp

Friend BL The Radlo Craftsmen

Funderburg JD Megard Corp

-G —

Gabel SL  Superfor Tube Co
Gage NE _ American Insulator Corp
Gardiner RA  Gardiner Metal Co
Gardner AH Colonial Radlo Corp
Garstand WW  Electronic Lahs Inc
Gerl J  Sonora Radlo & Telev Corp
Gertsch EP _ Alr Associates Inc
Gervals E Fdwards W H
Gllnllm SW Glltillan Broa Ino
WE_ H-B Electrio Co

Gladleloer RH Detrolt Prwer Sorrw-drlver

ass AA mier Crystal Labs In
Goﬂsteln A American Telev & Radlo Co
Goldberg I _Pilot Radlo Corp
Goog:réle} Telexruph Agoustus Co

Gotthold PM Industrlnl lnst Ine
Gray A8 Insulation Mfgrs Corp

Gray CA Grenby Mg Co

Gray D Doolittle Radlo Inc

Green M adto Elec Serv Co of Ps

Grlmn C fcation M.

Lab
onmn Jefferson Tnc Ray
Gubelman W8 Rollcr-ﬁmm\ Div
Gunter J Hollywood Electronics

aase GR Operadio Mtg Co

aas ML Bud Radlo Inc
H ndley RM R M Hadley Co
all BW_ Western Lithograph Co
alligan WJ  Haulllcrafters Co
alligan WJ hchophlnne Radlo Co

Halter EJ _Scot

HG _Eastern Alr l)evl
arnett DE Hazeltine Electronles Corp
arrison WE Harrison Radlo Corp
arvey LA Harvey Machine Co [nc
arwell HW  Connectlcut Tel & Llec
Gen Comm Co
awkins GM  Isolantite Inc
enes OH Signal Flectric Mig
erold MJ Newark ‘Transformer Co

errick GG peer Reslator Corp
ess JC Leeds & Northrup
lckok RD Hickok Electrical Inst Co

illiar Bendlx Radio Div
lndle JC N Y Transtormer Co

1 Midwest Radlo Corp
Homes J'i Warwlck Mtg Corp

m F H y Ine
nnklnﬂ Jb Girard- I{opklns
pp P Hopp

otchkln JR _Palnut (,o
ouch HW Measurements Corp
AJ Automatic Rn.dlo Mig Co
owe JS Ohmite Mfg Co
oyt AE Herb E Zobrist Co

facfacted

foofofer]e cfaeede s

—_y =

Jack NH Precision Tube Co
Jacobs ¥ Radlu Transoeiver Labs
Jenks JI. _ Banborn Co
DS Central Screw Co

AC Smatl Motora lnc

H Electric Co
EF Johnson Co E F
EH Geur Bpeclalties
RW Bouta Alrcratt Nut Cor)
Johnston JK Natlonal Vulcanized Fibre
Jones CH Kato anneerlnx Co
Jones GM _ Ace Mfg rP
Juviler J Ilamllton Radlo Corp

—K -

Kaar JM Kaar Engineerlng Co
Kahn AR Electro-Voice Cor)
Kahn M

K 1J General Electric

Kimball R Communlcatlons Es ulp Corp
Kirkland HR Kirkland Co H

1§rsch MJ  Federal l-:mrinerlnz Co
K.

under AE Janette Mfg Co
Kpapp RR  Winslow Co
Coch CC  Merit Coll & Transformer Corp
D

(ruse
Culka W Kulka Elec Mfg Co Inc
{unz HL Sangamo Electric Co
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. . This is Cardioid

“Cardioid” mecans heart-shaped. It describes the
pickup pattern of a microphone as illustrated in
this diagram. Unwanted sounds approaching from
the rear are cancelled out and the pickup of random
noise energy is reduced by 66%. The actual front to
back ratio of reproduction of random sound encrgy
is 7 to 1.

.. This 1s Super-Cardioid

“Super-Cardioid” also describes a pickup pattern
and is a further improvement in directional micro-
phones. The Super-Cardioid has a wide front-side
pickup angle with greater exclusion of sounds ar-
riving from the sides and the rear. The front to
back random sound ratio is 14 to 1 which makes
it twice as unidirectional as the “Cardioid.”” A 73%
decrease in the pickup of random noise energy is

accomplished.
L] L] . ‘:)
.. This is Uniphase 7 Ll s
“Uniphase” describes the principle by which direc- 2? ¢ N

tional pickup is accomplished in a single Micro- N\ /

phone unit. This is a patented Shure devclopment
and makes possible a single unit “Super-Cardioid”
Directional Microphone climinating the necessity
of employing two microphone units in one case—
it gives greater uniformity in production, greater
ruggedness, lower cost for comparable quality and
more uniform vertical pickup pattern.

Sounds entering from front.

. . This is the result
The SHURE Super-Cardioid

A decrease in the pickup of random sound energy
by 73“¢—reduction of feedback and background
noise—simplification of sound pickup are among
the many advantages offered by the Shure “Super-
Cardioid” Dynamic. These, plus faithful reproduc-
tion, are the reasons why Shure “Super-Cardioid”
Microphones are used by more than 750 Broadcast
Stations in the United States alone, by our Armed
Forces throughout the world, and on thousands of
Public Address Systems cverywhere.

SHURE BROTHERS

Designers and Manufacturers of Microphones and Acoustic Devices

qi I I 225 West Huron Street Chicago 10, Hlinois

May 1945 — formerly FIM RAp10-ELECTRONICS



TELEVISION,
SINCE PIONEER DAYS,
HAS DEPENDED UPON

CANNON PLUGS

Because Cannon Plugs and Receptacles were designed

especially for use in critical circuits, they were incorpo-
rated into the first relevision hook-ups. Says Harry R.
Lubcke, Director of Television for the Don Lee Broad-
casting System: “We find Cannon Connectors indispen-
sable in our television operations. We called on Cannon
in 1937 and what was probably the first all-television con-
nector was fabricated.”

All the circuits of a modern tel-
evision camera pass through this
single Cannon Co 3
tor mounted on the side of the
instcrument. Equipment for the
control of focusing, power and
intensity of image is connected
to power sources and to pick-up
and broadcasting equipment
through Cannon Plugs.

If you are interested in equip-
ment of ¢this kind, write for the
Cannon Condensed Catalog.
Address Dept. A-195, Cun-
non Electric Development
Co., 3209 Humboldt St..
Los‘Angeles 31,Calif.

CANNON ELECTRIC

Cannon Electric Development Co., Los Angeles31, Calif.

(‘;NNON
ELECTRIC

Canadian Factory and Engineering Office :
Cannon Electric Co., Ltd., Toronto, Canada

Representatives in Principal Cities — Consult Yoar Local Telephone Book
Cannon 1C-4045

General Managers, Cont.

l\urlnnd JJ Illinols Condenser Co
kux JJ Kux Machine Co

—_l -
uck FR  Western Electric Co Inc

Lane MM Croname Inc
Anlr‘lslng RP Ben(llj’f Aviation Corp
eer

lipse-Plonee!
_nvole 8 D Lavole Laboratories
Lee M urndy neering Co Inc
B Radlo Ire Telev Inc
2idoer

© Prods Co
Levine JM Fedarnl Scrcw Prods Co
Levingston GL Hurwood Co
Radiation Prods Ine
Corning Glass Works
John E Llnxo & Son
Link Rud o Corp
l Electrlc Co

Loveless PF !aﬂmnn of Ithaca
Lyman F Hnrvey Radio Labe Inc

—_M =
MacGregor D Webster Products
Mahler RA Harvey Wells Elec Inc
Maneck EE Bran ine Fibre Prods Co
Manson RH Strom -Carison Co
Marcus DA  Electronic 8] ty Co
Marshall LK Raytheon Mtg Co
Marvin 8 American Transformer Co
Mascuch JT Breeze Corps Inc
Matten HC Belmont Radlo Corp
McCabe RH A G Redmond Co
McDonald EF _Zenith Radlo Corp
McElroy TR McElroy M Corp
McEwen LI Gates Radio

¥
c_ 5

=
e

o
Mcllvane WJ Copperweld Steel Co
Kenna CF Gen Anillne & Film Corp
cKenzle WB Power City o Cuo
clean MP D-X Radlo Prods Corp
cLellan JD F | &
cMaster AJ G-M storatorles Inc
Meck JS Meck Indusi
ellen ER Weston Elect Inst Corp
Mellck AH Instrument Resistors
Menschik I American Condenser
Merrlll WA  Atlas Resistor Co
Messer CW _Audio Development Co
Metzger E Micarta Fubricators Inc
Meyerson L1 Sclentific Radio Serv
Millen MIg Co
uto-Lite Co
Mitohell DT merican Radio Hdwre Co
Morris JW W|lmlngton Fibre Speclalty

Co
Morrison P Gibbs & Co Thomas B
DP Donald P Mossman Inc
uiton AK _Ohio Curbon Co
Murray AR Electrolux Corp
Muter LF  Muter Co
Mueller S Mueller Electric Co
Muniz JM Howard Radlo Co

Nee TG_ Acme Wire Co

Nichols P Bendix Aviation Col
Nickerson FW  Guided Radlo

ovick 8J  Electronic Corp of America
Nobiitt QG Noblitt Sparks Ino
Norton AW Press Wireless Inc

-0 —
O'Brien FJ_ Galvin Mfg Corp
O’Connor WE Southern Wholunleﬂ Inc
Onan CW Onan & Sons
Otis CW  Noma Electric Corp

Pariser 8 Atlas Condenser Prods
Parkins EG bu?’reme Instruments
L‘nmman C  Moblle Rerrlgeratlon

tee LG cClintock Co
"nnon cw Bakeme Co
Peterson AW Continental Elee Co
Peterson ROA  Unlversal Plastica
Philllps CJ Corning Glass Works
Pinsley N Espey Mfg Co
Plimpton CG New England Mica Co
Pode HIA Bendlx Aviation Corp
Potratz AC _Gen Armature Corp
Potter EF Potter Co
Powell ('S Graybar Electric Co Inc
Powell RC 0 Recording Corp
Priest CA General Electric

—-_Q -
Quam-Nichols Co

e

Quam JP

Quill EM  Surprenant hlec Insulation Co
Quinnell LEE.  Magnavox C
—R'—

Rauland EN Rauland Corp

Reader FE Standard Pieze Co
Ready WA National Co Inc
Reeves BH ~Rockbestos l;l’d(:dé Corp

0
meral Electronics Inc
Miecro Bwitch Div

Richmond HB _ General Radio Co
Roberts HW  Plerce-Roberta Co
Robinson WA Brach Mig Corp

Rockey GV Melssner Mfg Co

Rogers KE  Carborundum Co

tose HR Gen Telev & Radio Corg

i A S8outheastern Radlo upply
Rowell FF_ Guard lw“uec Mitg C

g
]
2
=
&
O
82
S
¥

Aero Communications Inc
Erco Radio Labs Inc

=83 =
Sackhelm NR Migrs Bcrew Prods
Sandatrom E Osk MIg C
Banlal AJ  Powers hlectronlc & Comm Co
Sohaffer H ni
Schier W 1

Ruth ¥

er AW
3chott WL 8chott Co Walter L
Schuttig LA _Schuttig & Co
Schwartz P Phllmore Mfg Co

Schwartz 8 Sun Radio Co
Schwerkert JN  Radiat Corp

lig LJ General Transformer (o
qellgmou M Tenney Eng Inc
Setc ell BT _Setchell Carlson Ine

cross DH  Shallcross Mfg Co

Shmd EH Shand Rudlo Speclalties
S8harp TW_ Bakelite Corp
Shaw G Bakelite Corp
Shaw M is Electronics
Bhepherd DG FElectric Specialty Co
Shermund RC Induction Heatlng Corp
Sherron PH Sherron Metallic Corp
Slemers HR H R S Prods
Shure SN Shure Bros
8lepian A Wheeler Ins Wire Co In¢
Smith E_ Fisher Research Lab
8mith GE Communications Co Ine
Bakelite Corp

Radlo Engineering Labs Inc
Stack AR _ Girurd- Hop ins
Stackpole JH Stackpole Carbon Co
ftaver EF Goat Metal Stampings Inc
Steck CC__Spaulding l-‘lbre Co Inc
Steln J Metuplast
Stengel JF Telephonlm Corp
Stevens WB  Mitchell Rand Insul Co
Stillman GW Radlo Studios Inc
Storkerson JM  Fenwal Inc
Strobel F Mangold Radio Parts & 8tpg
Stubbers AH Ilsco Copper Tube & Prods
Stuckey PH Wirt Co
utupukon SH Stupakoff Ceramio & Mfg
Sullivan JE  Afradlo Inc

JM (,nmloc l-a.steuer Corp
undt EV  Littelfuse
wanson JA Standard Radlo Parts Co
weetman GV _ Uclnite Co
Swikard JR Fada Radio & Eleec Co

—T =

Talshoft J M )calex Corp of Amer
Tartak PH Cinaudagraph Speakers Inc¢
Taylor OF _ Electrical Research Labe Inc
Teeden J Pnuon—MacGuy

Teitler SL Le, Labs

Thomas HD Packard Bell Co
Tillotson J _Tillotson Furniture Corp:
Tregenza AE Jefferson Elec Co
‘Triplett RL Triptett Elec Instrument
Tyson CR John Roebling's Sons Co

P |
Ungar SD  Unpgar Inc Harry

—_V —
Valpey TS anpey Cryutnl Corp
Vaug! peh vG Thermostat Co
Volku AH Stlchc 00 Inc

—W—
Wahlgren WW  Gardner Elec Mfg Co
Walker RC  Alrcraft Acceesorles Corp
Walker RE Wa.lker-.limleson Inc
Wallace WT Wallace Mg Co
WanvigJD Centralab Div ot Globe-L nlou

ns
T8 _Corning Glass Works
Worner LL _Worner Electronic Devices

D quip Corr
Wunderlich GF  Eftel-McCollough Inc

Wyatt GM  Wyatt Cornick Inc
—_Y —
erbro FA Ameﬂcan Microphone Co
Young Young
Young R Hudson Amerlcnn Corp
U,

Zacharlah VN Zach Radlo Supply
Zayac FR_ Rallantine Labs Inc
Zelov V. Molded Insulatlon Co
Zleber G Hewlett-Packard Co

CHIEF ENGINEERS

— A=

Abrahams A1 Racon Electric Co Inc

Alban CF__ WM Chace Co

Andersen DE J-B-T Instruments Inc
Angst Kollsman Inst Dlv of D

Applegate ID  Tdeal Com Dresser

Armstrong I1W  Dinlon (,ol] Co Inc

‘Babcock SK_ Electronic Speclalty Co
ach HM_  Premler Crystal Labs Ine

Buon DH Natlupal Co Ino

Badeau CA Thomas & Betts Co

Bajley WM Cornell-Dubilier Elec Corp

Bain GW  Ken-Rad Tube & Lamp Cerp

Baker GC Ruby Chemical Co

Barasch MV Sherron_Mettalle Corp

Barlow WA General Winding Co

Basim DS tradio Inc

Bates AC Rollar-Smlth Div Realty &

Industrial Corp

Bauer B Hewlen-Packud Co

auer BB Shure Bros

Bausch CL Buusch & Lomb Optical Co

ean LG Bristol Co

Benander GH \mnowatt Elee Corp
Cont Carbon Ine

Bennett AE Gentleman Prods Div Hen-
anMv%oA Spring Mg C
ergers mer pring ol
Bernreuter HA  S{mpson mmnor?:o
Baélnzwn KA Amerlcm Molded Prods
0
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Theve’s no substitute for
ACCURACY

B.R.C. instruments are designed and manufac-

L LA

STAMINA

tured to give accurate and precise direct read-
ing measurements with simplicity of operation.

Q METER TYPE 160-4

A Standard for “Q” Measurements with a repu-
tation for accurate and dependable service. Has a
Frequency Range of 50 ke to 75 me which may be
extended with external oscillator down to 1 ke.

A\ With a !
a unit designed for a speci-

{ motor, you get |

fic job, engineered to your

exact performance require-

ments, precision-built to
your specifications, produced in volume
for your needs. SM fractional H.P.
motors are made to order with speeds
from 3,500 to 20,000 R.P.M. — 1/10th
to 1/200th H.P. — voltage from 6 to
220 AC-DC. Illustrated is the famous
SM-2 Blower Motor; many thousands
have been made for military purposes.

F.M.

SIGNAL
GENERATOR

TYPE 150 series

Other SM motors have been designed
and produced in large volume for a
wide variety of radio, aircraft and other
applications where rugged power, stam-
ina, long life and dependable perform.
ance were primary requisites. What are
your requirements?

DEPT. 32

Manufacturers of special smoll
universol, fractional H.P. motors, dynomotars, shaded
pole motors, heater motors, generators.

Design * Engineering * Production

DESIGNERS AND: MANUFACTURER ‘Q TER

GENERATOR

May 1945 — formerly FM Rapro-ELEcTRONICS
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Type 150 A—Frequency 41-50 mc. and 1-10 me.
Type 151 A—Frequency 30-10 mc. and 1-9 mec.
Type 152 A—Frequency 20-28 me. and 0.05-5 me.
Type 15+ A—Frequency 27-39 me. and 1-7 me.

Developed specifically for use in design of F.M.
equipment. Frequency and Amplitude Modula-
tion available separately or simultaneously.

QX-CHECKER
BEAT FREQUENCY GENERATOR

FREQUEMCY MODULATED SIGNAL
AND OTHER CIRECT FEADING TEST INSTRUMEMTS

61



DeConingh EH Mueller Eleotric Co Grimwood F (‘-ates Radio Co T
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NUMBER ONE OF

4%

DC means SC...
Selenium Control and
Selenium Conversion for
the practical, profitable
performance planned by
top flight design engi-
neers. Selenium provides
maximum efficiency . . .
unlimited life...negative
temperature coefficient...
and other characteristics
necessary to solve the
electronic problems ot
tomorrow . . . That’s why

DC means SC.

SEND FOR
BULLETIN

SELENIUM CORPORATION
of AMERICA

1719 WEST PICO BOULEVARD

LOS ANGELES 15, CALIFORNIA
.

EXPORT DIVISION: FRAZAR & HANSEN
301 CLAY STRILT, SAN FRANCECO. CALIFORNIA

INI CANADA : BURLEC LTD., TORONTO 13, ONTARIO, CANADA

May 1945

A SERIES

ANDREW

RHOMBIC
TRANSFORMER

2 flea

FOR TRANSOCEANIC RADIO COMMUNICATION

* You need guality equipment for

reliable, uninterrupted radio
communication across oceans and
continents. That is why radio engi-
neers specify ANDREW antenna
coupling transformers and coaxial
transmission lines when designing
rhombic antenna systems.

For highest efficiency and most suc-
cessful rhombic antenna operation, the
antenna coupling circuit must have a
broad frequency response and low
loss. To meet these requirements,
ANDREW engineers have developed
the type 8646 rhombic antenna cou-
pling transformer, illustrated below,
to assure fullest utilization of the
advantages of the rhombic type an-

WRITE FOR BULLETIN NO. 31 giving

information on this new radio communication unit.

ANDREW (CO.

363 EAST 75th STREET
CHICAGO 19, ILLINOIS

formerly FM Ranio-ELEcTRONICS

tenna. Losses are less than 2 decibels
over a frequency range from 4 to 22
megacycles.

Type 8646 unit transforms the 700
ohm balanced impedance of the an-
tenna to macch the 70 ohm unbalanced
impedance of the line. Unusually broad
band response is achieved by using
tightly coupled transformer elements
with powdered iron cores of high
permeability. This unit is contained in
a weatherproof housing which may be
mounted close to antenna terminals.

Transformer unit 8646 is another
expression of the superior design and
careful engineering that has made
ANDREW CO. the leader in the field
of radio transmission equipment.

complete




UNUSUAL..? //,/7

Yes, there are many Vaco
shafts and bits which
do appear unusual be-

cause they were created

to perform some unusuval

service . . . better, faster
and easier! There are
173 types of

VACO
AMBERYL

/
plastic handle drivers. ~
/ You will undoubtedly /)' 7
/7 /  find just the drivers you /// 7 / 7

/ want in our regular line,
/ or we can create some-
thing special for you.

Write for catalog.

[PATENTS MAKE JOBS |

bucCTs €O.)

305 E. ONTARIO ST. « CHICAGO II, ILL.

Conodion Warehouse: 560 KING STREET, WEST . TORONTO 2, ONTARIO
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Chief Engineers, Cont. Pray GE Afrplane & Marine Inst lnc
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RADIO AND ELECTRICAL ENGINEERY

for research and development in the
field of radar, radio communications
and electrical test equipment. Good
postwar opportunity. Also openings |
available for Draftsmen and Junior |
Designers.

ALLEN D. CARDWELL MFG. CO.

81 PROSPECT STREET ¢  BROOKLYYN, NEW YORK |

NATION-WIDE MAIL
ORDER DISTRIBUTORS
SINCE 1928

RADIO ~ ELECTRONIC

DEVICES For Trade...Industry...Vocational
-..Communication . ..Public Utility and Ex-
perimental Applications

BURSTEIN-APPLEBEE CO.
1012-14 McGee St. Kansas City 6, Missouri

FM axp TELEVISION
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Young FC  Stromberg-Carlson Co
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Zottu PD  Girdler Corp
Zurian PI>  Press Wireless Inc

SPOT NEWS NOTES

(CONTINUED FROM PAGE 36)

pulses, or they can be stored on a wire
recorder and fed to the machine subse-
quently. It is possible to duplex voice and
printer signals, so that the Radiotype can
be used over police and other FM com-
munications syvstems without interfering
with speech transmission. The small insert
shown here is a full-size reproduction of
the actual typing.

FM for Public Utilities: So successful have FM
communications systems proved in expe-
diting service and repairs on publie utility
stems that this field of application is
growing rapidly now, and will expand
greatly when equipment is more readily
obtainable. Among recent syvstems in- |
(CONCLUDED ON PAGE 66)

STANCOR

TRANSFORMERS

T

HE use of Hipersil Steel Cores now
adapted to some Stancor Transformer

types permit a reduction in the size of the
transformer without sacrifice of capacity,
makingitideal for tank, submarine, walkie-
talkie and similar installations where re-
stricted space areas are a primal factor...
Write us your requirements enclosing B'P
for further information.

* * *
Keep Stancor on top of your list for
post-war transformer needs. A g
wider range of applications will be
ready for quick-action on V-Day.

STANDARD TRANSFORMER

May 1945 — formerly F.M Rapio-ELEcTRONICS

CORPORATION

1500 N. NALSTED ST., CNICAGD 22, ILL.

SIMPLE CORE
TRANSFORMER

CORE TYPE
TRANSFORMER

SHELL TYPE
TRANSFORMER
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Comco builds
the smallest combat
WALKIE-TALKIES

Comco Walkie-Talkies are not “war babies.” They
were first built for c/vilian use ... for use by
mounted policemen . . . before the war.

That’s why Comco Walkie-Talkies for war boast
so many practical superiorities. They are the small-
est, most compact of all combat Walkie-Talkies.
Their weight complete is less than eight pounds!

Comco has built thousands of these remarkably
compact units for our fighting forces. And Comco
is prepared to build peacetime Walkie-Talkies to
meet a wide variety of needs, some of which are
suggested in the column at the right.

Comco engineers and craftsmen, in the peace-
days ahead, will also produc;: many other types
of radio and electronic equipment—all CUSTOM-
[ZED for dependability and lasting satisfaction.

WRITE! Jast a note on vour company letterbead outlining vour
exact requirements. We'll give you the benefit of aur specialized
experience. We can supply a wide variety of CUSTOMIZED
equipment on priority NOW’'. We are uccepting nou-priority orders

for post-war delivery. ~
o
MANUFACTURERS OF RADIO ‘C

° COMCO,,
COMMUNICATION

ON

FOR MANY

POST-WAR USES
Loy ]

{ T G B

\\ & ELECTRONIC EQUIPMENT

S*COMPANY., Inc.

CORAL GABLES 34, FLORIDA

SPOT NEWS NOTES

(CONTINUED FROM PAGE 6€5)

stalled are those for the Louisiana Power
& Light Company of New Orleans; Union
Gas System, Ine., Independence, Kan.:
San Antonio Transit Company; Florida
Power & Light Company, Miami: Union
Sulphur Company, Sulphur, lLa.: and
California Electric Power Company.
Riverside, Calif. These are Motorola
mstallations.

Rochester, N. Y.: Following a record vear in
1944 when production exceeded $33,000.-
000, Stromberg-Carlson has reshufiled top
executives in preparation for further ex-
pansion. Wesley M. Angle, president since
1934, has been elevated to the chairman-
ship of the board of directors. Dr. Ray H.
Manson, formerly executive vice president
and general manager, has been elected
president. His assistant, Lee McCanne,
now takes over Dr. Manson's post. Dr.
George R, Towne will continue as manager
of engineering and research, with the
added title of assistant secretary. Exccu-
tives reélected to their posts include Lloyd
L.. Spencer, vice president in charge of
sales; Frederick C. Young, vice president
in charge of engineering and research; and
William Fay, vice president in charge of
broadcasting.

Thomas F. Joyce: ‘L'elevision has lost one of its
most enthusiastic champions, but Tom
Joyce is satisfving an ambition to be in
business for himself by acquiring an inter-
est in Raymond Rosen & Company, 32nd
and Walnut Streets, Philadelphia, where
he will act as general manager. Of this new
undertaking, he said, “In my new work, [
shall feel T have been suceessful if I can
make a contribution to a program which
is so vital to our Country — the success of
the independent dealer.” Certainly every
one who knows Tom Joyce will be pleased
to see him succeed in this new undertaking.

Crystal Business: Models of the first home
radio sets using crystal-controlled push-
button tuning will be ready to show soon
after the FCC announces its final decision
on FM frequencies. Those who have had
experience with plug-in crystals for auto-
matic tuning on home receivers believe
that the convenience with which frequen-
cies can be selected and the freedom from
drift problems will more than offset any
price advantage of the relatively unstable
mechanical selection methods. If so, this
will provide the largest peacetime market
for quartz crystals.

William A. Rogge: Formerly in charge of
Bloomingdale’s radio department in New
York, is now executive assistant to Major
W. 8. Williams, recently named officer in
charge of the Monmouth Contract Ad-
justment Unit of the Army Service Forces,
processing terminations of Signal Corps
contracts at Bradley Beach, N, J.
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TOGETHER THEY FORM A GREAT TEAM...

LASS and metal work together for the elec-
tronics industry under a yoke fashioned by
Corning Research in Glass.

Metalized glass has been used for many years,
mainly for decorative purposes. But Corning Re-
search developed a metalizing process which can
be accurately controlled and which is permanent
under severe industrial service conditions.

The superior electrical properties of glass are
well known in the electronics field. Low power
factor, high dielectric strength, extremely high
resistance, wide range of dielectric constants —

C NN Electronic Glassware

r—«fﬁmea'ns
Research in Glass

CPYREN, “SVYCOR™ and <CORNING — aiw reguwter o trade

formerly FM Rapio-ELECTRONICS

warks and indicare manufactees by

thanks to Corning Metalizing!

coupled with fine mechanical pr()perlics—make
glass invaluable in clectronic applications. The
addition of metalized areas permits hermetic
seals between glass and metal by ordinary solder-
ing methods. Corning's metalizing process, par-
ticularly when applied o low expansion glasses,
also produces accurate and fixed inductances,
capacitances or shiclding.

Perhaps our team of glass and metal can help
you. Write us about your problem. Address Elec-
tronic Sales Department F-5, Bulb and Tubing
Division, Corning Glass Works, Corning, N. Y.

Cormng tobaw Works, Corran




7 = tzseeay e T T
m‘ <+ 1 i u-\« 1 1%“AWY Ses 3 H%Tw HHH 1 I h
1111 a . T @B H 3 ; ] : e
. s 5 3 J dessa s #o5s 108 t H 1 4 H 1
] it e 58 SR StE: SEIEnER] SRR EREE Lane w E : i
T T i Jeci sigsesois: SiRiTaseed Ststate: MR peet i s
S alue B¢ + 1 L + T T o » s o8 HHHTE 28
sdecesmnes svas muw. .A 8 ie sss sade uw FHH- r%nuu)% H SHHHE b Hi T
. . o® 0@ - 4 f 3 11 = B 11T I $T
4 H4H * H D! + <4 T1I sBa SR NG 6 ok ansa. 3 u Hr S 3 1 it I
H 1 l 148 & 111 1 T v | A HHHOH 1 T 1 T $
P ++4 “ B T U 88 Cna - nM; %w 11 .Fi uA LJZ
SeE0S -4 +1 f.L 1111 3 inad t 11 4 ouas
11 + ] w.n 4.{»%.. 1 ings I 1T ] 3 :
e ¢ H T L T B 3342 202 T :
T 3asd sesnttets Indnandiat bizt apant sistiaiins T T :
m'ﬁw + mwt [ 3 e LMA J_w - + r M TIIT ..m +H S u‘w... :
T Ine 4 + el o TH 1986 71 444
o 1 2880880 6t 4 _mm - H+ ] 1 T s
Hmﬂm H H H HHHHH J?Iﬁmw Am 558 .m. HH H > benan w “i..ﬁ
I 2 -\ o8 — sssswe ‘eun T —
! ! HHHH B b o A s e 88 asens e 1 e G0sS8eEES
vo “W » IL ++ 1+ 111+ VMH 1 ~—t e anE as ] Sl ~ T 43 u“Uu
vmﬁ H.#Ml “.uxm. 1 1 um".. T samsss T H M,lu 1 _»Lﬂw v v H ¥ H MJwNwM
= > + » S B ~ .- 4+~ w -
4 +H-H —+ 1 ERAEREN t 1] ] ﬁ4 1 H3 ..1?:“  dla paap
1 M.Ifum.x: i w :,“lm:ftﬁ H 8 :Hm HiH ,._xuuﬁml., ==
582 S35 SaRsERs: SRt - o sues. H 3 snes anas i
M T onepsa 78 Ee 8. Som e i sses :
3 H 4 W.,. twk.._uw 7 .I: HH Tﬂr. Twyxmh H «.*‘» ] H
T He T T S 35 3328 S % S
3 ,4111 LA T IEIABEERGE 8 TITT ~A v.ﬁJ X T.qu M.J H Sat sanulisas —
T isenanns I s o e eee R o I ml 1 T 4
111 . LlL R e xR R s E=] 444 L «174 .widv#. piass i sspek
Av] Hhr n.m.,m. ot Tttt H 1 111 - == et m.
413 ted P11t ET1T yepan u_h.u sepnsesenl E 1 1" I 1T I !
I 1 fins - 4 i "B
HEHE B i izl
et an 1 HEHFE
H T H HHE
o 1 114 T [newsas
A HHE “L hiss
o s .
eus aees: a— e - > ...1« ]
siasssadl fEEE e, siiteibatnint 2
THt 1t .
B4 44 e 884 ee Seannasas
e e HEHHEg T 3% 8
+ i ’ 1 1 id T
135 o S8 A2SEsAsESs Tansataas i8s s
ssaapdasse da igas ks — e e R it it
eues 90 .”.nm ml¢ H i s Easest sgasen xw.“ H
. M s e ] w.A 11
nuae & u ' 18 1 i
—dn Supdeus:
t i - ! MJLLA@‘ R
eas L ‘F_r +1111 - o 1 HH ,,LW..HMJA.MU.‘
sasab H 4 M A : =
1 b awe 3 g 1 mu. «wA nwd
sngnu) 8 3 H &r . sSsiie
- ¥ HHHH H a 3 m 411
- + 1 - ++ -M&l AA e v“
H - ¥ sasssaaa e sa
TIEELT ..nTll g sea ~-
pecsg snasyy H uuhw
T -
B a
i I ’ it
44 +3 9 T
vw.wr ‘vu.n O .
DR U S & i+ - sns
eseac ‘&.
L 1(.+Vrm.m .
S
S
00s= deusi e
T
HE

.

idid

HHHT

T

'S SeEA

asanns

2

A ———

13

3T

AR S0

i
d

Ak Il

HH T i
} 1. w i 2 T e epsassas aenge s 3
A R T uﬁ 1
uu« MA ~m ot H. it 11 H wl J. m|ruv.. {ﬂw“ "
t 3 T sassas 8ssBsnss senes
L m~ Tu .nT;”ﬁ HHH i e

LEVISION

>

I'M axp T



2C26A

HYTRO N TYP E
VERY-H\GH-FREQUENCY TR\ODE PULSE OSCILLATOR
26A is @ spec'\al triode for use as 2 grid or plate pulse oscillator uP o 300 meed”
d prov'\de the cxtrcme\y high peak plate currents require
s use of the maximum potem'\a\s, without externa!
table features are’ conven'\ent 51Z€, S dard oct@
mely rugged construction.
ELECT RICAL

...................

- 45E PLATE ANG A
;‘{5 ARACTERISTIES ! rg_,*
chverporptel - 47 21" Y| 1A N\ECHANICAL
it \ Type of oefinge e 1 aheld octal Convection
Pase..--o g Intcrmcd'\ate shell octal 8-pin pheno\’\c
Top Caps- -~ "~ skirted miniature with insulating bushing
B S T-9
all dimensions
............. 311 inches
314 inches

CEs) IV VO s

2C26A 15 ON TH

MA‘N oFFlCE SALEM,MASSAC“USETTS
PlANTSt SALEM, le‘ul"ol‘, BEV‘IL' & LAWRENC!
FORMERLY HYTRON
CORPORATION
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FROM COMPONENT...TO COMPLETE STATION

A vital link in a long chain of equipment . . . from microphone
to antenna . . . the lead-in cable plays an important part in de-

pendability of operation.

Federal’s Intelin Cables are dependable. They've proved that in
broadecast and military installations all over the world . . . standing
up under severe operating conditions . . . in all kinds of climate.

And that’s typical of all Federal broadcast equipment. From
lead-in cable 1o complete station, it has earned a reputation for
performance because it’s built to stay on the air.

\mplitude Modulation. Frequeney Modulation. and Television
... for quality, efliciency. dependability . . . look to Federal for

@ the finest in broadea:t equipment.
Federal Telephone and Radio (o
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Doughnut Coils for electronic and telephone purposes.
High Permeability Cores are hydrogen onnealed and
heat treated by a special process developed by DX engi-
neers. Send us your “specs” todoy —ample production

focilities for immediate delivery.

DX RADIO PRODUCTS CO.

GENERAL OFFICES 1200 N, CLAREMONT AVE., CHICAGO 22,1LL, U 5.A,
¢

MODEL 79-B
SPECIFICATIONS:
FREQUENCY: continuously variable 60 to 100,000 cycles.

PULSE WIDTH: continuvously variable 0.5 to 40 microseconds.

OUTPUT VOLTAGE: Approximately 150 volts positive.

OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load

R. F. MODULATOR: Built-in carrier modulator applies pulse modulation to any
r.f. carrier below 100 me.

MISCELLANEOUS: Displaced sync output, individually calibrated frequency and
pulse width dials, 117 volt, 40-60 cycles cperation, size 14”x10”x10",
wt. 31 Ibs.

Price: $295.00 F.O.B, BOONTON Immediate Delivery

MEASUREMENTS CORPORATION

BOONTON « NEW JERSEY

May 1945 — formerly FM Rapio-ELECTRONICS

KEEP OFF

WITH THE
DUPLEX SPEAKER

The very objectionable
concentrated beam at high
frequencies in sound repro-
duction is eliminated by the
Duplex Speaker. Even at
15,000 cycles plus, the
DUPLEX speaker distributes
high quality sound 60 de-
grees horizontally and 40
degrees vertically as com-
pared to the 5 degrees of
single unit speakers of com-
parable size. Another rea-
son why the DUPLEX is the
SPEAKER that REVOLU-
TIONIZES the methods of
sound REPRODUCTION.

SEND FOR BULLETINS

LANS/ING CORPORATION

1210 TAFT 8LDG., HOLLYWOOD 28, CALIF.
250 WEST 57 STREET, NEW YORK 19, N. Y.
IN CANADA: NORTHERN ELECTRIC CO.
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Soon after Victory releases us from our obligation to the armed
services, we will deliver the new Motorola Radios. They will be fine
musical instruments. They will deliver rich, round, concert quality
tone and clean, crisp reproduction of the spoken word. They will
add grace and distinction to the loveliest home.

For the Army and the Navy, Motorola engireers have pro-
duced their “Handie Talkie,” an amazing two-way radiotelephone

KL

Therell be nonf/"' 2028/ . - .

This advertisement is addressed to the millions whose cultured taste in broadcast
and recorded music demands the finest in reproduction. It will be seen and
read by the millions who regularly read The American Weekly, Fortune, Life,
Saturday Evening Post, Collier’s, Liberty, Newsweek, National Geographic,
This Week Magazine and Popular Publications.

system complete in a package weighing about five pounds. The
“Walkie Talkie,” a more powerful two-way radio, is an F-M
job also perfected by Motorola Radio Engineers.

This record of engineering and production signalized by five
consecutive Army-Navy “E” awards is your positive guarantee that
among Post War Radios, there will be none finer than Motorola!
GALVIN Mfg. Corporation . Chicago 51, Illinois

W FOR HOME AND CAR ¥

.F-M & A-M HOME RADIO - AUTO RADIO - AUTOMATIC PHONOGRAPHS - TELEVISION - F-M POLICE RADIO + RADAR - MILITARY RADIO

72
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Communication with, or between, mov-
ing vehicles becomes more important
as this Age of Speed advances. Every
factor is vital which promotes clarity of
transmission. When trains, taxis, ships
and passenger cars can contact each
other or their "home stations'’ at will,
Amphenol Cable Assemblies, Connec-
tors and Sockets will do their share to
provide good electrical con-
tact within the equip-
ment. Atmospheric
and static condi-

AMERICAN

May 1945

formerly KM Rapio-EvecTroNICS

tions excepted, successful radio com-
munication in transit depends largely
on low-loss stability and good design
of the equipment's component parts.
The name ""Amphenol’’ indicates to the
user that they have been designed,
made and tested to give the best possi-
ble service in spite of interference, vi-
bration and moisture. Detailed techni-
cal information on all Amphenol prod-
ucts in which you may be interested is
available and will be sent on your
request—ask for Catalog Section D.

PHENOLIC CORPORATION
Chicago 50, Illinois

In Canada ¢ AMPHENOL LIMITED ¢ Toronto

U.H.F. Cables and Connectors —Radio Parts —Cable Assemblies

—Conduit—Connactors (A-N and British) —Plastics for Industry
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DIRECTIONAL
ANTENNA

EQUIPMENT

Johnson engineers have designed many highly
successful installations of phasing and antenna

coupling equipment to individual specifications.

These units may be built to match any existing
transmitter and thus become an integral part
of your station. Let us help you and your
consulting engineer plan your transmitting
equipment for better market coverage. Orders
received now will get first attention when priority

restrictions are removed.

Here are two of the many installations of phasing equipment Johnson
has furnished for Broadcast Stations, built to match existing equipment.

Other items available from Johnson, made to individual specifications,
are gas filled pressure candensers, coupling networks, tower lighting filters
and special inductors.

JOHNSON pyoeer

p 3 COMPARNY
& jamoaﬁ name in )Qddlo WASECA, MINNESOTA

74 FM axp TELEVISION



WHAT'S NEW THIS MONTH
(CONTINUED FROM PAGE 4)

Regular television broadcasts would be
scheduled mainly in the evening peak
audience periods. This dual use of trans-
mitters and receivers will permit maxi-
mum use of television broadcasting equip-
ment, receivers, and allotted frequencies.
It will permit speedier development of
both FM and television because the new
receivers will be of dual purpose, thus
easier to sell to the publie.

Applicants can furnish FM  immedi-
ately upon availability of equipment. and
television programs can be increased as
the market and finances permit. 1 feel that
television will replace audio as surely as
“talkies™ replaced the “silents” but a
transition period should be provided simi-
lar to what I here suggest.

Sincerely.
Radio Station KGVO
AL J. Mosny General Manager

This same letter was sent to FCC Chair-
man Porter, and the Chairman’s answer
has been made public. In brief. he said the
television must stand on its own feet. win-
ning public favor and financial support
on its own merits, and not set up as an
appendage to which another service is
accommodated.

We have nothing to add to Chairman
Porter’s statement of FCC poliey because
FM axn TeLevisioN believes that while
the superior service afforded by FM will
replace AM transmission. sound and tele-
vision broadcasting are so distinetly dif-
ferent in the services they perform for the
public that they are no more competitive
than the concert hall and the playhouse.
For that reason, this publication would
not favor an arrangement that would
make impossible the simultaneous trans-
mission of FM sound and television pro-
grams, any more than we would favor
federal legislation prohibiting congerts
during hours when plalys are being given.

Mr. Mosby’s letter is published here be-
cause he brings up a point on which there
must be some interesting opinions — that
is, whether or not television will replace
audio programs as surely as the talkies
replace silent pictures. We shall welcome
letters expressing the views of our readers.

3 Television engineers who read Madi-
1 son Cawein’s excellent discussion of
the relation of contrast to band width in
our issue of November, 1944 will be inter-
ested in the following letter from Mr.
Cawein:

My dear Mr. Sleeper:

Mr. D. E. Norgaard of the General
Electric Company, Schenectady, N. Y.,
has been kind enough to call to my atten-
tion a rather serious error which I made in
my article for your November, 1944 issue
of F-M.

Mr. Norgaard has given me permission

(CONTINUED ON PAGE 77)

May 1945 — formerly F.M Rapio-EvLEcTRONICS

VALP EY CRYSTALS

To DAY ARE DETERMINING THE

EFFICIENCY OF
TOMORROW’S COMMUNICATIONS

No more rigorous test than war can be
applied to the delicately made, precision
ground crystals and other crystionic units
produced by Valpey. These ‘‘fighting units’’
are proving their worth and their rugged-
ness. Their application to postwar develop-
ments for the benefit of man are now being

planned . . . by you and by science.

CRYSTIONICS

— — MEANS ONE THING . . . .

POSTWAR

— — MEANS SOMETHING ELSE ...

— because crystionics as developed by Val-
pey experts, is a useful branch of specialized
electronics today, applied to the myriad
needs of war communications and instrument
and ordnance control.

In the postwar period . . . and from then on
. . . crystionics will come into full play in
the improved communications . . . in serving
industry, homes, medicines, many phases of
daily life, of the future.

Write now for crystionic information.

CRAFTSMANSHIP IN CRYSTALS SINCE 1931
HOLLISTON, MASSACHUSETTS




Nov. 1940 to Dec. 1944 WAXES

Volumes 1 to 4

This index of subjects COMPOUNDS

a [
i
| INDEX TO
FM AND TELEVISION
U . “ e
B S e

and authors, published
in the April, 1945 issue,

Ten thousand different

radio and electronic parts Imm.dimgly iS an involucble oide INSULATING alld WATERPROOHNG
- available on priorities to locating references of ELECTRICAL and RADIO
! and dates relating to COMPONENTS
the progress of FM ALSO FOR
and television. CONTAINERS and PAPER
A few copies of the IMPREGNATION
l April issue, containing FUNGUS RESISTANT WAXES
: this Index, are still ZOPHAR WAXES and COMPOUNDS
Trained expeditors select : available at 25c. o
and ship same doy your order Meet All Army and Navy Specifications
is received A INQUIRIES INVITED

FM COMPANY PFOUNDED 1846 )
511 Fifth Ave., New York 17 MILLS Inc.

120 - 26th ST., BROOKLYN, N. Y,

wnseniouss | RADIO ENGINEERS

jobhers, wholesalers and manufacturers of

radio and electronic equipment Radio, Research and Development Engineers and Draftsmen

needed for key positions by manufacturer of diversified line of

aircraft accessories, small motors, and aircraft radio who will

! be in the home radio field postwar. Salaries open. Full compli-

ance with WMC regulations necessary. Confidential inquiries

w respected. Live in the midst of the best hunting and fishing in
w Michigan. Our employees know of this ad. Address Box 114.

%lfvlsw i lnt FM AND TELEVISION

511 FIFTH AVENUE . NEW YORK 17, N. Y.

100 Sixth Ave. Dept. F-5 New York 13, N. Y.
Boston, Mass.  Newark, N. J.
World’s largest Radio Supply Ho-se

Originators and
Peacetime Marketers
of the celobrated

_Lafayeffe fedio

Write today for our bargoin

THORDARSON ELECTRIC MFG. CO.

500 WEST HURON STREET, CHICAGO. 1it

Fharvery Shaciulivts Ghicee 1595

flyers and special bulletins . ORIGINATORS OF TRU-FIDELITY AMPLIFIERS
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WHAT'S NEW THIS MONTH

(CONTINUED FROM PAGE 75)

to use his memo on the correetion to this
article, which he circulated to members
and alternates of the R.M.A. Sub-com-
mittee on Television Studio Facilities.

I suggest that vou publish Mr. Nor-
gaard’s memo, calling attention to the
error. 'The basic mistake which T made
was to assume that when the bandwidth is
less than optimum, the number of scan-
ning lines is always automatically reduced
to optimum for equal I- and V-detail, as
caleulated from equation (2) of the paper.
"This assumption is not at all valid, since
the scanning standard remains fixed, and
only the horizontal detail and contrast
suffer from bandwidth limitation. Thus,
my caleulations are in error as explained in
the following memo from Mr. Norgaard:

MEMORANDUM

Correction of Numerical Results
pressed in Paper entitled ** Relation of Con-
trast to Width of Television Band.” by
Madison Cawein, (Published in FM axn
TeLEvIsioN — November, 19574.)

It has been noted that certain conclu-
sions reached in the subject paper are in
error, although the general considerations
are behieved to be justified.

Fquation (2) of Cawein’s paper may be
written:

( 0.7 Nh Nv I

)

where

Nh = number of lines horizontal resolu
tion
Nv = number of lines vertical resolution

This represents a substitution of Nh
Nv for AN? in Cawein’s equation 2.

Now a change in bandwidth (f) will not
atfect Nv, but will affect Nh to produce a
variable ratio of horizontal to vertical
resolution. It will be noted that breaking
the term AN2 down into Nh Nv allows an
evaluation of Nh directly, since in general
the N7 of Cawein's equation is un-
changed by alteration of the bandwidth;
i.e., the number of scanning lines remains
unchanged, but Nh will be a function of
bandwidth.

Reduction of the bandwidth to say half
of a certain value will reduce Nh to half
of its original value if Nv remains un-
changed. However, if the nmuwber of scan-
ning lines is reduced to 0.707 of the num-
ber used with a certain original value of
bandwidth, then NI and Nv can be 0.707
of their original value, after the bamnd-
width is reduced to half. and Cawein's
equation 2 then holds.

In Cawein's article the second para
graph following cquation 3 should be cor-
rected to read:

“This means that if a 325-lne standard
picture is capable of showing a 300 line,
black-white detail, when transmitted
with a certain bandwidth, then the con-
trast will be correct for only two levels,
that is. black and white, in those regions

(CONCLUDED ON PAGE 79)

May 1945
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Wm . . . for this .Iatest

The Model a0
P Portobie, ig4 g, "

DESCRIBES
DIRECT READING
PYROMETER FOR

CRYSTAL

CHECKING
IN
SUB-ZERO RANGES

Manufacturers of radio equip-
mentused by our armed forces
are urged to send for this spe-
cial new bulletin. It contains

il )

BULLETIN

not only photographs and some of the more important features of the
Model 40, but complete technical data regarding its construction
and operation for checking temperature changes in radio crystals.
Already this instrument has proven indispensable to numerous

manufacturers—and has been subjected 1o exhaustive tests by them

as well as Elematic engineers. It is accurate to within 1157, . . has

features and advantages not to be found in other pyrometers . . . is

adaptable to all types crystal holders . . .

and available in six scale

ranges. Sold with an unconditional guarantee, the instrument is vital

in any laboratory where closer control of production is essential.

ELEMATIC EQUIPMENT CORPORATION
60-46-52 S. Wentworth Ave., Chicago 21, 1ll.

4

\{.\\\\\“a\\\\\\\i\“a“

formerly FM Rapio-ELECTRONICS
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‘: Cinaudagraph Speakers are made
“a3 to take the tough raps. This is the

" built-in result of better manufac-
turing experience. Look at the

| record of achievement and you'll

;PI put Cinaudagraph Speakers at the
top of your list.

<~ Watch Cinaudagraph

Speakers After Victory!

Cinaudagraph sPeakers, | ET

3911 S. Michigan Ave., Chicage

Export Div., 13 E. 40th St., New York 16, N. Y.

“Ne Finer Sheaker in all the World

CONSIDER THE NEW
DRAKE No. 75 AP

Underwnitens spproved!

TRADE demand has caused Drake to
produce this new totally enclosed
candelabra screw base 1 pilot light
assembly. The unit is approved by the
underwriter’s laboratories for 75 watt,
125 volt service. Designed to house
the Mazda S6, 110 volt, 6 watt can-
delabra screw base lamp. Can be
supplied with lamp installed. The unit
mounts in a 1" hole and is regularly
furnished with a 17 diameter faceted
colored glass jewel. It is also sup-
plied with a steel lock washer which
holds the unit firmly to the panel.
Mounts on any thickness panel up
to V',

Although designed to operate on 110
volt circuits, this assembly can readily
be used on 220 volt circuits by con-
necting our No. 116 wire wound re-
sistor in series with the pilot light.

Lamps are easily removed with our
S$6 lamp remover. Anyone who has to
maintain, or install in production,
large numbers of S6 lamps, will
find the S6 lamp remover a great
convenience.

SOCKET AND JEWEL LIGHT ASSEMBLIES

DRAKE MANUFACTURING CO.

TRANSMITTER
VARIABLE
CONDENSER

Plate design in this JOHNSON
condenser allows a 759  greater
voltage breakdown rating than former
models having the same spacing.
Without increasing the overall size of
the condenser JOHNSON engineers
have raised the voltage rating by
more evenly distributing the electric
field, decreasing the tendency to flash
over. A substantial saving in weight
of plates has been achieved through
the use of mechanical design ideas in
placing ribs and rounded edges on
the plates.

Losses in the insulation have been
reduced too, first by using & good
low loss material and second by
judicious placement of corona shields
to distribute the electric field evenly
through the insulation. The rotor may
be counter-weighted so the shaft will
not change its position affer an adjust-
ment has been made. Multi-fingered
contact brushes bear om a circular
rotor contact to provide low resistance,
positive contact, to the rotor. A shield
is arranged on the stator terminal to
nearly enclose the lead wire, resulting
in less danger of sparkover at this
point.

Definitely a commercial iob. this
condenser is worthy of consideration
in the design of transmitters.

".;(\ L

JOHNSON

P jamou: name in Radio

1713 WEST HUBBARD ST., CHICAGO 22, U.S.A.
E. F. Johnson Co. Waseca, Minn.

FM anp TELEVIsSION



WHAT'S NEW THIS MONTH

(CONTINUED FROM PAGE 77)

of the picture exhibiting 500-line hor:
zontal detail, but will be correct to ten
levels in those regions exhibiting 157-line
horizontal detail (divide 500 by 3.32): or
to five levels in the regions of 215-line
horizontal detail (divide 500 by log 5/log
2).”

The italicized portions of the above
paragraph indicate the portions of the
paragraph in which changes were made.
It might be said that if a system having
sufficient bandwidth to produce 500-line
horizontal black and white detail on a
525-line standard be used for transmission
of a 315-line standard, then the contrast
will be correct to ten levels in those re
gions exhibiting approximately 275-line
horizontal resolution; and if used for
transmission on a 343-line system the con
trast will be correct to five levels in the
regions exhibiting approximately 330-line
detail.

D. E. NorGaarp

April 2, 1945

I trust that this admission-of-mistake
and subsequent correction will be satis-
factory to you and to vour technical
readers.

Sincerely yours,

Manisox CaweIN Manager of Research

Farnswortn TEeELEvision & Rapio
CoRPORATION

TELEVISION FREQUENCIES

(CONTINUED FROM PAGE 29)

The problem of diathermy interference
at the lower frequencies now in use for
television would be practically eliminated
by a4 move to the 450- to 1000-mec. range.
In addition, the ignition interference from
passenger cars, buses, and trucks would be
greatly reduced at the higher frequencies.
The increased directivity available from
practical rhombic receiving antennas
would also contribute to interference re-
duction. The low angle of reception oh-
tained from the rhombic type materially
reduces the interference effect of “airplane
doppler” so annoying with doublet an-
tennas.

I believe that the public will soon tire
of changes which continue to obsolete
their receiver. If we must eventually
change television assignments as the FCC
has indicated, let’s make the change now.
Let’s not make the shift difficult by chang-
ing standards at the same time and ob-
solete all existing transmitting and re-
ceiving equipment for a dubious improve-
ment in resolution. The carrier frequency
shift of the transmitters now in use, and
the design of converters for present re-
ceivers involve certain problems but, in
my opinion, these are minor in comparison
to those involved in changing to a new
set of standards.

P TNC

These “World’s Smallest Transformers’
May Be The Complete Answer to
Your Space and Weight Problems!

It's not an everyday occurrence when so large a problem
can be answered with such a small unit. In fact, we're
mighty proud of this midget transformer achievement—
not only for the reason that Permoflux engineers met a
vital war challenge, but because of its numerous practical
applications. Permoflux welcomes inquiry from design
engineers about this midget transformer development.

BUY WAR BONDS FOR VICTORY!

4900 WEST GRAND AVE., CHICAGO 39, ILL.

gg,

a1 ), |

== Ez‘a?‘*l‘

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS
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WINCHARGER

TOWERS
ror STATE POUICEvaio
anoF M. SYSTEMS

For their outstanding Radio
Communication System, the
New Jersey State Police use
Wincharger Towers exclu-
sively as supports for F-M
Antennas. They and hun.
dreds of other stations in
all types of broadcasting
know that they depend on
Wincharger for ---

% Strong, Clear Signals
% Low Initial Cost

% Pleasing Appearance
% Low Maintenance

Immediate deliveries on suit-
able priorities. Write or wire
for full information.

and VERTICAL RADIATORS

WINCHARGER COR ATION

ENGINEERING SALES
(CONTINUED FROM PAGE 8)

An entire floor of the Company’s six-story
building will be devoted to the new radio
division,

Hallicrafters: Representative David N, Mar
shank has moved to larger quarters at
672 8. Lafayette Park Place, Los Angeles,
He plans next to open a branch office in
San Francisco,

Sentinel: Has appointed the following dis-
tributors: M. Seller Co., San Francisco;
Waitkus Supply Co., 1418 Cornwall Ave-
nue, Bellingham, Wash.; William Volker
& Company, San Francisco; Drake Hard-
ware Company, Burlington, Ia.; Arthur
Fulmer, Ft. Wayne, Ind; and Charleston
Wholesale Furniture, Charleston, W, Va,

Motorola: Boyd Distributing Company, 310 |

Majestic Building, Denver, will distribute

Motorola radio sets in Colorado, Wyo- |
ming, and western Nebraska. Cecil . |

Boyd heads this concern.

Stromberg-Carlson: In the Indianapolis arca, |

S-C sets will be distributed by Appliance

is president. This concern also handles
Coolerator refrigerators and Blackstone

laundry equipment.

| Distributors, Inc., of which William Helt |

$. Sundra: Managing director of Globe Ra- |

dio & Engincering Company, New Delhi,
India, has been in New York to negotiate
for radio lines. I’rewar sales in India were
just under half a million dollars annually,

| according to Mr. Sundra, but he believes

the postwar volume will be four times that
amount, or higher if suitable sets can be
obtained at popular prices.

| Sonora: Ias appointed Walker-Jimieson,

Inc., 811 South Western \venue, Chicago,
as distributor in the Chicago arca.

SPORADIC E INTERFERENCE
(CONTINUED FROM PAGE 35)
antenna height and an antenna gain of
four likewise do not interfere with each
other. This was also for 44 me. operation.
It is therefore unnecessary to counsider
operation of these stations at 46, 48 or at
60 megacycles, as no difference in result
would occur. It is likewise unnecessary to
consider the effect of additional stations

on the same channel.
x K k% k
All of the foregoing statements, except
the estimate as to the length of time it
would take to build 1000 Paxton type sta-
tions, follow from the set of facts agreed
upon.
CONCLUSIONS
1. It has been established that stations
of a local character covering 40 to 50 miles
can be operated without encountering
(CONCLUDED ON PAGE 82)

OR nearlv two

decades, ESICO
has stood for superb
quality and over-ail
economy in solder-
ing equipment. The
name ESICO on
your soldering tools
is definite assurance
of long, uninter-
rupted service. Spe-
cify ESICO the
name that assures
you of satisfaction.

ESICO
SOLDERING

IRONS
Designed for
tough, long-
lusting tactory
service, Widely
used in indus-
trial piants
everywhere,

Esico )
SPOT SOLDERING iy
MACHINE Information

On the Esico Line

/7.

i,

A resl  time-saver.
Treadle-operated. Au-
tomatically advances
iron and solder,

leaves operator's
hands {ree for work.

ES1co
SOLDERING IRON
CONTROLS

\

P £

. 4
Positise TIP control jne-
vents over-heating tip
cannet fall below solder -
g temperatute, The only
prachical method of con-
trolling heat in the tip- an
eaclusive ESICO featute!

ESICO
SCLDER POTS

L

>

k

Rugged

construction.
Variety of stzes. Designed
tor  continuous  non-stop
perution,  Klements  1c

placed easily and

ELECTRIC SOLDERING IRON CO. Inc.

2045 Wost EIm Stroet, Doep River, Conn,
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Headquarters for
SPECIAL Crystals!

The men of The James Knights Company have been
designing and making special precision crystals
since 1932, Their extensive experience with crystals
for every conceivable purpose, coupled with an active
porticipation in Radio dating back to 1913, is avail-
able to you. These men are interested in your special
crystal problems — they have the knowledge, equip-
ment and research facilitics to help you. Why not get

them working on your speciol crystal problem today?

ANTENNAE
by

\

CR

COMPLETE MANUFACTURERS
FROM START TO FINISH

May 1945 — formerly U Ranto-ELEcTRONICS 81



ALDEN

for Graphic Recording
of any kind

OUR YEARS OF EXPERIENCE, and cumula-
tive skills, in the designing and production
of RADIO COMPONENTS, are now being
used in making equipment which covers the
entire field of FACSIMILE.

Actual service, as found in war and com-
munication work under all conditions, hos
given a PRACTICAL quality to our equip-
ment which, under ordinary conditions,
would not have been obtained in years of
engineering with limited application.

ALDEN PRODUCTS COMPANY is mang-
facturing practically ALL TYPES AND
SIZES of facsimile and impulse recording
equipment—using all the varied recording
mediums: Photographic Paper, Film, Elec-
trolytic Paper, Teledeltos, and Ink.

ALFAX IMPULSE
RECORDING PAPER

By “COVERING THE ENTIRE FIELD,” we

1. Some of our equipment has been used for
the transmitting and receiving of photographic
pictures of r bly high resolution (such as
the war pictures now appearing in the news)

2. Continuous Recorders—of the type whose
valve has been proven on National and In-
ternational news service circuits—are now on
their way to the Orient, to be used for the
receiving of the so-colled "picture” languages.

3. Also, through the use of ALFAX (the first
high-speed black and white permanent record-
ing paper), HIGH-SPEED Signal Analysis Equip-
ment has been made possible for various labora-
tories and Government Departments. Other
equipments have employed Teledeltos Paper for
message work and other purposes.

4. The ability of ALFAX Paper and ALDEN
Machines to record impulses os they occur,
without the inertia problems of many previous
methods, has made possible other recorders ot
various speeds (including slow). They will record
o whole day's history of related phenomena,
with time indicated, and often—with self-
calibrated linear reference marks for ready
interpretation.

5. ALDEN Tape Recorders (recording medium,
ink)—have been designed to operate with o
minimum of trouble and adjustments, and have
PROVED MOST SATISFACTORY in doy to day
service.

ALDEN PRODUCTS COMPANY
117 North Main Street
BROCKTON (64F2), MASSACHUSETTS
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SPORADIC E INTERFERENCE
(CONTINUED FROM PAGE 80)
Sporadic E interference within the service

range from 44 megacyeles upward.

2. It has been established that if the
high power transmitters are operated in
the vicinity of 60 megacyeles and a real
istic appraisal made of the practical fac-
tors bearing on the situation, that the
amount of interference which may be
expected is negligible.

3. Such interference as does occur,
oceurs in the outer ranges, and it is my
considered opinion that if an attempt is
made to cover these ranges in the 100
megacyele band that far worse service to
the publie will result by reason of shadows,
tropospheric fading, and above all, long
distance tropospheric transmission of the
type deseribed in a memorandum on this
subject filed this day.

BETTER WAYS TO MEET
LISTENERS' NEEDS

(CONTINUED FROM PAGE 41)

4. Location of wall connectors for each
box:
Number of feet of cable for each
box should be included in this
specification.
5. Equipment to be located in each
room:
Such as wire or disc recorder,
television receiver, facsimile re-
corder, or automatic phonograph.
Maker’s names and type numbers
must be included.

6. Location and description of the main

equipment:
Receivers, amplifiers, and relays,
power connection. Makers’ names
and type numbers must be in-
cluded.

7. Items and labor to be furnished by

others:
List of special cabinet work or
electrical work, and names of
suppliers.

8. Provisions for adding other equip-

ment at some later time.

All these details must be set down in
and signed by the owner when the price is
agreed upon. If this is not done, experience
with special work of this kind shows that
the owner will surely say he thought that
was to be this way; that he expected a
more expensive type of recorder or loud-
speakers; or that he didn’t expect to pay
the cabinetmaker for the control boxes, or
the electrician for material and labor used
to run wires to the speaker field supplies.

Moreover, if the owner decides to make
changes while the work is in progress
and this happens invariably — there will
be no question about charging extra for the
additional material and labor involved.

The next step is to plan, in complete
detail, the circuits and the apparatus for
the svstem. These will be presented in
Part 3.

FM axp TELEVISION



Wanted
ENGINEERS

Radio
* Electrical
Electronic
* Mechanical
* Factory Planning
Materials Handling
Manufacturing Planning
Work in connection with the manufacture of
a wide variety of new and advanced types

of communications equipment and special
electronic products.

Apply (or write), giving

full qualifications, to:

R.L.D., EMPLOYMENT DEPT.

Wesrern Electric Co.

100 CENTRAL AV., KEARNY, N. J.
* Also: C.AL

Locust Street, Haverhill, Mass.

Applicants must comply with WMC regulations

ENGINEERS

TO SERVE AS
PROJECT LEADERS
ON TRANSMITTERS

AND RECEIVERS

Must have good engineering
background and several years
of broad experience in the
radio industry. Also, a knowl-
edge of civilian radio require-
ments will be valuable when
this Company resumes pro-
duction of high-quality FM
receivers and phonograph
combinations. Write, giving
details of experience and sal-
ary expected, to:

Freed Radio

Corporation
200 HUDSON STREET
NEW YORK CITY

Muy 1945

RESISTORS « RHEOSTATS

STOCKS ON HAND FOR

Tmmediate Deliverny

9/'0U get the very type of units you re-
quire . . . in the shortest time possible

. from Allied. All the well-known
makes such as OHMITE, MALLORY,
IRC, CENTRALAB, and SPRAGUE are
concentrated here under one roof. In stock
are fixed, adjustable, precision resistors
—rheostats—potentiometers—volume
controls—for all kinds of applications.
This complete, centralized service sim-
plifies and speeds procurement for in-
dustry, government and
laboratories. You save
hours, days and effort.

Thousands Call ALLIED First
Write, Wire or Phone
HAYmarket 6800

Helpful
BUYING
GUIDE

Available
on Request

Write for it!

4

EVERYTHING IN
ELECTRONICS & RADIO
I’s faster, simpler to
get all your electronic
andradiosuppliesfrom
this one central source.
We carry the largest
and most complete
stocks of parts and
equipment under one
roof . . . ready for im-

mediate shipment.
Our close contact
with all leading man-
ufacturers aids pro-
curement. Engineering
service is available.

ALLIED RADIO

CORPORATION
833 W. Jackson Blvd. Dept. 46-E-5 Chicago 7, lllinois

SUPPLIERS OF ELECTRONIC PARTS AND EQUIPMENT TO INDUSTRIAL AMERICA

Electronic Tubes, Rectifiers, Power Supplies, Int

e

Sound S , Photo-Cell Equip-

<

ment, Batteries, Chargers Conveners lot

Welders Fuses Test Instruments,

\, Relays, Candensers, C

op

Melels Broadcast Station

ts, Transformess,

Switches, Coaml Cabte, Wire, Soldennx frons, Mi

formerly #°M Rapro-ELecrroNics

S,......-.. s, T hni

| Books, etc.
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WM] Behind bombing missions and dog fights

at every one of our invasion points

you'll find Super-Pro receivers

on tweWour duty with the AACS
. . undes U f ible

% it

" THE RAMMARLLND WFG 60.,INC.,460 W. 34" ST, N.Y.C.

MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

FM anp TeLevisiON




R

w E L D r—
s Ohio’s First FM Station
it —
f\é‘ Input to Final Amplifier: 10 KW
éé Antenna Output: 5 KW
;a Total hours operation to date: Over 18,000
’;m Station WELD has been in operation since 1940.
' The above record is one more tribute to the ever-
“ growing leadership of the Armstrong Phase Shift
S Method of Frequency Modulation . . . the method
employed in REL transmitters of all power ratings.
5 1 r NTHN
SPECIALIZATION IS THE ANSWER!
let'sTopThem FM is not our sideline ... it consumes all our
All with the o ; . P TTeers
R thinking! It is this specialization that accounted
A War loant  for our pre-war leadership . . . and it is this spe-
N Bu cialization, coupled with the unique knowledge
: More Byonds and thorough experience of our staff of engineers
N\ that will, when Victory is ours, continue to lead
the way for even greater leadership in FM
expansion!
Sales Representatives
% MICHIGAN MIDWEST | PACIFIC COAST
| M. N. Duffy & Co., Inc. | REL Equipment Sales, Inc. N. B. Neely Enterprises
2040 Grand River Ave., W, | 612 N. Michigan Blvd. 7422 Melrose Ave.
Detroit, Mich. Chicago, lll. Hollywood 46, Cal.
|

Pioneer Manufacturers of FM Transmitters Employing Armstrong Phase-Shift Modulation

RADIO ENGINEERING LABS., INC.

Ling faloond CiZg NN

RUMFORD PRESS
CONCORD.N H




Lk EMERGENCY RADIO has earned
INTERNATIONAL FAME »

.
......

P 3 R A e b TN
SPECTIONG e Fr: UINK. TYPE- 50-UFS TV Wt STATQN. 0

WHEREVER MEN HAVE THE WILL
TO WORK TOGETHER FOR A
JUST AND LASTING PEACE

You'll find Link Emergency Radio Communication Units i
handling the vital intelligence. Link engineering has al- i ;
ways designed and built for emergency purposes.

Whenever there is need for administrative or tactical
use of emergency radio, Link is the acknowledged pace-
maker. . . . In use by Police, Sheriff,
Fire, Forestry, Railway, Public Utility,
Military, Government and other
Emergency Services around the world.

Awarded 4th time
on May 35, 1945

ENGINEER « MANUFACTURER PREFERRED QM RADIO

Fred M. Link COMMUNICATION EQUIPMENT

MANUFACTURED UNDER LICENSE OF THE
125 WEST 17th STREET . NEW YORK 11. N. Y. ARMSTRONG PHASE SHIFT MODULATION PATENTS






