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TELEVISION STUDIOS AND STATION WABD,

DuMONT-FOR THE TOOLS OF TELEVISION

DuMont has de-
signed and built
more television sta-
tions than any other
company. DuMont-

PROOF
Or THE
PUDDING!

built stations, every week, are demonstrating
the high efficiency, rugged dependability
and low operating cost of DuMont-engi-
neered equipment.

DuMont’s simplified precision control—
the dominant keynote of «// DuMont de-
sign—is brilliantly exemplified in the tools
of television featured above. These postwar

designs incorporate all the flexibility and
refinements dictated by more than 4 years
of continuous and increasingly elaborate
experimentation by hundreds of program
producers.

DuMont’s Station WABD, New York,
has pioneered a pattern for commercial
television that you can make your own
whenever you choose to study it. And
DuMont’s Equipment Reservation Plan in-
sures early peacetime delivery of your
cquipment and competent training of your
personnel. Television is our business!

Copyright 1945, Allen B. DuMont Laboratories, Inc.

5153

ALLEN B, DuMONT LABORATORIES, INC., GENERAL OFFICES AND PLANT, 2 MAIN AVENUE, PASSAIC, N. .

MADISON AVENUE, NEW YORK 22,

NEW YORK
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UNEXCELLED FOR HIGH TEMPERATURE
APPLICATIONS...

CAN TYPES 25P

Two stondard types, one
for105° C.andone for95°
C. continuous operation.

Other ratings available.

- =

HERMETICALLY SEALED IN GLASS TUBES

Fomous Sprague glass-to-metal end seals.
Extended construction gives maximum flash-
over distance between terminals.

...ideal for higher ratings in smaller
sizes at lower temperatures

Sprague Capacitors impregnated with the
exclusive VITAMIN Q impregnant make pos-
sible the use of much smaller units —with a
substantial safety margin —on numerous high-
voltage, high temperature applications ranging
from transmitting to television. Where high
temperature is not a factor, their unique char-
acteristics assure materially higher capacity
ratings for a given size.

Type 25 P VITAMIN Q Capacitors operate
satisfactorily at thousands of volts at ambient

temperature as high as 115° C. Insulation re-
sistance at room temperature is more than
20,000 megohms per microfarad. Throughout the
temperature range of 4+ 115° C. to—40° C. they
retain all virtues of conventional
oil-impregnated capacitors.

WRITE FOR NEW CATALOG

Sprague Catwalog 20— just off press—
brings you details on VITAMIN Q
Capacitors in both can and glass tube
types as well as dozeas of other paper
dielectric types for today’s exacting uses.

SPRAGUE ELECTRIC COMPANY - North Adams, Mass.

SPRAGUE

VITAMIN “Q” CAPACITORS

TRADE MARK REG. U. S. PAT. OFF.

FM AND TELEVISION
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FM has proved to be the long-
missing key which has opened the
door to successful facsimile. News-
papers operating or planning FM

FoR [1oe & broadcast station i -
fuu gt t stations, police depart- | |

ments, airlines, and railroads are

carly morning hours has given
way to simultaneous reception of
sound and facsimile pictures,
news, and advertising during reg-
ular listening hours. This month’s
cover is a photograph of Milton
Alden, one of the facsimile pio-
neers, taken in the laboratory
where revision of wartime models

is the verdict of radio
engineers who have
specified Blaw-Knox
Vertical Radiators and
Antennas for an imposing
number of important

stations employing
AM, FM and VHF.

ALSO, Blaw-Knox has sup-
plied Towers for Direc-
tional Radio Beacons to guide
all air transport service in
the United States, as well as
military electronic develop-
ments still on the restricted

! X already at work on facsimile ap- | |
plications. The old concept of |
a broadcasting newspapers duringl

for peacetime service is being
pushed with all possible speed. |

lists . . . For strict adherence
to your specifications plus
wide experience in structural
design and fabrication, you
can count on Blaw-Knox to
complete a contract which
will prove ‘'more than
satisfactory.”

BLAW-KNOX DIVISION

of Blaw-Knox Company

2046 FARMERS BANK BLDG.
PITTSBURGH PENNA.

Applicativn for entry as second-class HlaHe7 -4t ridad Balringion, Mass. and Concordy N. H. is pending 3



STRATO-STATIONS

HE Westinghouse strato-station plan

for FM and television, announced at a
New York City press luncheon on August
8th, has many elements that stir the im-
agination. Undoubtedly, 1-kw. transmit-
ters at 30,000 ft. could cover areas 400
miles in diameter, and 1% such installa-
tions could scrve 789 of U. S. listeners.

But have Westinghouse and Glenn
Martin engineers proved, even to their
own satisfaction, that this is the right way?
Or have they taken too much for granted
as did the originator of this plan when he
gave the press to understand that color
television is an accomplished fact?

Glenn Martin’s enthusiasm for anything
that uses airplanes is understandable, but
wouldn’t it be better to demonstrate that
television in the upper band can be op-
crated on the ground before announcing a
nation-wide strato-station network?

This plan combines a communications
system, in the form of relays, with the
operation’of broadcast stations. Will the
FCC permitit? AT & T gave up its broad-
casting operations. Will the present net-
works make use of the strato-stations?
It would mean abandoning their affiliates
and the operation of their own stations,
and re-establishing their audiences.

The strato-net plan, according to its
sponsors, would have to carry four tele-
vision and five FM coast-to-coast network
programs in order to pay expenses. Cer-
tainly there is not an existing volume of
radio advertising, or the listener demand,
to justify such a block of added facilities.
Again, strato-stations would be no sub-
stitute for existing ground stations which
serve listeners by combining network

® During its many years of experience

> in the engineering and manufacturing of AL s .
w transformers for specialized audio op- originations with programs of stricly local
plications, Chicago Transformer has de- ch;r:actltler. b 0 th ¢
Also makers of... signed and produced o wide variety of inally, as was shown In i€ map o

existing Bell System lines now carrying
Power tronsformers for rodio s, f the ti it ed i Ikie- i
and other electronic clrcui:s, fypes, from the tiny unils us nwarae 15,000 cycles or more (puthhed b o

vibrator power transfommers. talkies to large size modul.cﬁon trans- plement to the February, 1945 issue of FM
oudie and filter reactors, in-  formers. If you have a design problem AND TELEvIsION) wire facilities for FM
:'":""'""""l":“'m;": avto  jnvolving fransformers in audio or other nets will be available as soon as stations
n [ 4 . . . .
gnirel fronsiormers, types of circuits, let this well qualified can be erected to use them. Perhaps tele-

wave filters, fluorescent bol- g .
lasts and ignition coils. organization be of service to you. vision may require such a system to re-
about that.
As for FM, the sponsors of the strato-
far, that is competitive with ground facili-
ties now in use or to be available presently,

duce the number of relays needed for
c H I c A G o T R A N s F o R M E R plan have proposed possibilities that are

transcontinental nets. Only time can tell
DIVISION OF ESSEX WIRE CORPORATION intriguing to conjure with, but none, so

3501 WEST ADDISON STREET

either from the point of view of public
it by £ ' service or operating cost. — M. B. Sleeper.

THASE MANK REG

FM anp TELEvIsiON



SYLVANIA NEWS

ELECTRONIC EQUIPMENT EDITION

A\LGLUST

Publishied by SYLVANIA ELECTRIC PRODUCTS INC.. Emporium. Pa.
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HIGH FREQUENCY
INDUCTION FURNACE
USED IN TUBE PLANT

The hombarder or high frequency
induction furnace pictured helow is
another example of high-precision.
modern equipment manufactured at
Sylvania Electric’s plant in Williams-
port. Pa.

Flexible in Application

Used in all radio tube plants where
exhaust machines operate. this essen-
tial apparatus mayv alzo be adapted
[or nse in practically any application
that requires high frequency indue-
tion heating by the connection of the
proper heating coils. Its rated input
1= 20KV \. uses Type 207 tube as
ascillator, frequeney about 300KC,

High frequency induction furnace used

in all radio tube plants where exhanst

machines operate, Made by Sylvania
Electrie at Williamsport. Pa.

LOCK-IN TUBES PERFECTLY IN
LINE WITHH RECENT FCC DECISION

High Frequency Sets (FM) Will
Get Benefit of Tubes’ Electrical Superiority

"LOCK-IN" TUBE

1 It is “locked” to socket
—solidly.

2 It has short. direct con-
nections—lower induc-
tance leads and fewer
reelded joints.,

3 Metal* Lock-In"" locating lug —
also acts as shield between pins.

4 No top cap connection .. .orer-
head wires eliminated.

Sylvania Electric’s revoldtionary type
of radio tube —the Loek-In —is <o
mechanically stronger and electrically
maore efficient that it takes in its stride
the recent FCC decision assigning
to frequency modulation the band be-
tween 88 and 100 megaeyveles. The
hasic electrical advantages of the
Lock-1n construetion are ideally suited
to the adoption of higher frequencies.

Mechanically it is more rugged be-
cause support rods are stronger and
thicker—there are fewer welded joints
and no soldered joints—the lock-in lug
i= metal not molded plastic—the ele-

1

ments are prevented from warping
and weaving.

Electrically. it is more efiicient be-
cause the element leads are brought
directly down through the low loss
¢lass header to hecome sturdy socket
pins —reducing lead inductance —and
interelement capacity.

Today. the many special features of
the Svlvania Lock-In Tube are even
mare up-to-date than when they were
introduced in 1938—a fact of increas-
ing importance when considering the
numerous  postwar developments in
the field of communications.

SYLVANIAV ELLECTRIC

Emporium. Pa.

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS

August 1945
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NE w VACUUM TUBE
FREQUENCY METER. ..

MODEL 39-VTF, Series A, a new devel-
opment of J-B-T engineers, measures fre-
quencies in six specific bands with
accuracy of + 0.25% of the frequency
being measured, and with sufficient
amplitude to be easily read.

Vacuum tube multivibrator circuits di-
vide the incoming frequency by 1, 2, 3, 4,
6 or 9, depending on the position of the
multiplier switch, and show the result
on the time-tested, standard 400 cycle
meter.

Regular line current is used for power
supply, permitting an input sensitivity
of 500.000 ohms. Response is not affected
by irreqular wave form, nor by harmonic
content of unknown frequencies of less
than 10% or 15% . . . and input control
permits use from 100 to 350 volts.

The result is an instrument of high accu-
racy and high stability with permanent
cariiration . « . especially useful for
checking audio oscillators, frequency
converters, radar equipment, and for
standardizing less accurate frequency
measuring units.

400

G 800
... FOR FREQUENCIES IN 1300 CYCLE BANDS | seiicntenco. i 26

2400
3600

Check These Points

* EXTREME ACCURACY
...within * 0.25% of frequency
being measured.

* PERMANENT ACCURACY

. no further calibration or
standardization required at any
time.

* STABILITY ...no temperature
drift after initial 30 second
warm-up,

* BURN-OUT PROOF ... no
protection needed against acci-
dental above-range frequencies,

* SENSITIVITY ... 500,000
ohms.

* SIMPLICITY ... uses standard
tubes.

* POSITIVE SWITCHING . . .
built-in switch is }.-B-T's own
rugged. coin-silver plated in-
strument switch, as supplied for
high quality testers.

Waw ﬂoollct. . . Just off

press, illustrates other types of
J-B-T Vibrating Reed

Frequency Meters,
Ask for Bulletin J_—éT
VF43-1C,

Manufactured under J-B-T and/or Triplett Patents and Patents Pending

8-JBT-6

J-B-T INSTRUMENTS, INC.

473 CHAPEL STREET e NEW HAVEN 8, CONNECTICUT
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Rigid control of material and process—PLUS con-
servatism in design insure a dependable long-life

product. We solicit your inquiries. Sizes to § KVA.

The Langevin Company

INCORPORATED
SOUND REINFORCEMENT AND REPRODUCTION ENG NEERING
NEW YORK SAN FRANCISCO LOS ANGELES




This MOSSMAN “Gear Shift Switch”
Adds Choice of Five Positions

To Unusual

Circuit Flexibility

New Mossman Series 4500 five
position''gearshift'’ switch,

This illustration shows lever handle

locked in one of the four gctive

positions . . . all may be either
»7 locking or non-locking.

A new Mossman Switch—Series 4500 —has been developed to meet new and
unusual requirements for precision electrical components adapted to radio and
electronic control circuits. This is a five position heavy duty lever switch, built of
high grade materials specified by the U. S. Navy.

The rigidly braced, heavy brass frame supports a chromium plated latch
plate and spring-actuated piston, in which a roller is mounted clevis fashion.
Axles, stop pins and piston are stainless steel. Plated phosphor bronze springs
have spun-in heavy duty silver contacts.

Series 4500 Switch has four independent contact spring pile-ups, each of
which is actuated either locking or non-locking. Contact assemblies are built up
from standard forms.

A special feature of the Series 4500 Switch is that it is not provided with
fixed stops. Action of the different positions may be changed by inserting or
removing stop plates beneath the escutcheon. Also available are a special
safety latching feature, special housings, wiring and other features to meet
your requirements.

Many types of Mossman heavy duty, multiple circuit lever,switches,
turn switches, push switches, plug jacks and other special switching
components are shown in the Mossman Catalog. Send for your copy.

DONALD P. MOSSMAN, INC., 612 N. Michigan Ave., Chicago 11, lllinois

MOSSMAN

ﬁ&mm/ %} |
W

Stromberg-Carlson: Will be represented in the
Cincinnati area by Tepfer Appliance Com-
pany, 49 Central- Avenue, Cincinnati.
Ohio. Jack Tepfer has had long experience
in the refrigerator field, and sales manager
G. D. Haley has a background of both
sales and engineering.

Clarostat: As a part of its postwar prepara-
tions, Fran Chamberlain has been ap-
pointed assistant sales manager of the
jobber division, and two new representa-
tives have been named. They are Wood
& Anderson Company, 915 Olive Street,
St. Louis, Mo., and Henry P. Segal
Company, 143 Newbury Street, Boston,
Mass. They will cover hoth jobber and
industrial accounts.

Bendix: Added distributors are Van Deren
Hardware Company, Lexington, for east-
ern Kentucky — radio manager Ray-
mond A. Wilkie; A. B. Gray Company,
Fort Wayne, for northern Indiana and
northwestern Ohio — under the direction
of A. B. Gray; D’Elia Electric Company,
Bridgeport, Conn, — president Charles
A. IVElia; Peninsular Distributing Com-
pany, Detroit, for the state of Michigan —
president J. H. Ryall; American Sales
and Distributors, Inc., Columbus, for
central Ohio — president A. Goldenberg.

Meck Sales: Henry
Hutchins, formerly
head of the sales de-
partment of the Na-
tional Union Radio
Corporation, has
been elected presi-
dent of John Meck
% Industries Sales Cor-

. poration. He will
make his headquarters at the Meck sales
office, 35 East Wacker Drive, Chicago.

RCA: David J. Finn, formerly RCA Victor
regional sales manager at Chicago, has
been named manager of the renewal sales
department of the tube division. In this
new capacity, he will be in charge of the
sale of tubes, components, and replace-
ment parts handled through jobbers and
dealers. Harold C. Vance, formerly man-
ager of broadcast and police transmitter
sales in the middle west, has been named
manager of the direct sales department
of the tube division. He will supervise
tube sales to broadcast and police stations,
air lines, schools, and industrial users.

James Knights: Has opened a Chicago office
at 175 W, Jackson Boulevard. Telephone
(CONCLUDED ON PAGE 86)
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OHMITE

RHEOS'I‘A'I‘S and' RESISTORS

From six of the world’s mightiest
shortwave stations, the "*Voice of
America” shoots “bullets of truth” to
combat enemy lies. These transmit-
ters, 200 KW each, located in Bethany,
Ohio, were designed and built for the
OWI by the Crosley Corporation.

The two interior photo-views of one
transmitter reveal more than 60
Ohmite Resistors of various sizes . . .
and one Ohmite Tandem Rheostat
assembly.

The knowledge and experience
that enabled Ohmite to “produce” on
this psychological warfare job is
at your service in solving resistance
problems. .. today and post-war.

OHMITE MANUFACTURING COMPANY
4854 FLOURNOY ST. ¢ CHICAGO 44, U.5.A.

Wyite on company letrer-
head for belp/u/ Catalog
and Engineering Manual
No. 40. Gives valuable e
data on resisters, rheo-

ats, tap switchel. Ehakes RHEOSTATS RESISTORS TAP SWITCHES

ard attenzators.

August 1945 formerly F'M Rapro-ELrcTrONICS



How to Analyze thes

MARKET for your PRODUCTS
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-~ —100 feet ————————— ]

FM and TELEVISION FREQUENCIES 1

This distance of 100 ft. represents the band of frequenciss from 25 to 30,000 mc. which the FCC has made
available principally for television and for services which will employ FM. These include broodcast-
ing, facsimile, police, railroad, and other communicotion services, and cross-country reloy systems.

KéEP

AM FREQUENCIES

If the distonce of 100 #t. represents the new frequencies, then 1 in. represents the old band
of AM frequencies from .01 to 25 mc. which, before Pearl Horbor, occommodated all the
broadcast ond communications services. This comporison indicotes the exponsion upon
which the radio industry is lounched now that World Victory is on accomplished foct.

THIS ‘PICTURE IN <MIND:

AM = 1 INCH: Before the war, with all radio services crowded into the AM band of .01 mc.
to 25 mc., the industry was reaching the saturation point. There will be no turning back to
prewar AM business, except for replacements, because the limited AM band, represented
above by 1 inch, cannot accommodate new services.

FM & TELEVISION = 100 FEET: All the new services, representing 95% of the post war
radio market, will be in the FM and television band, represented above by 100 feet. In other
words, the spectrum from 25 mc. to 30,000 mc., which the FCC

has now made available for post war radio expansion, is one
thousand two bhundred times as wide as that used for AM radio

before the war. ..

as 1 inch wide, as compared to 1200 inches for the band now

available for FM
vision, then you’l

which FM AND TELEVISION Magazine is devoted.

AND THAT’S WHY FM AND TELEVISION Magazine is so widely
read by The Men Who Set the Pace the Industry Follows.

:F M TELEVISION

. If you picture the already-crowded AM band
broadcasting and communications, and tele-
| see the true proportions of the market to

“THE COMPLETE AND AUTHORITATIVE SOURCE OF INFORMA- bl

Devctury o Mty

TION ON FREQUENCY MODULATION AND TELEVISION” T

FM axp TeLevisioN




| FM;' TELEVISION

VDAY SIGNALS THE EXPANSION OF RADIO SERVICES

B ]
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PRINCIPLES OF
RADAR OPERATION

f07" the men who

set the pace the
industry follows

SELT-renRe
M RLAY

* = Edifed by Millon B. Sleeper * +

Facts You should Enow about

“FM and TELEVISION”

FM AND TELEVISION Magazine, by virtue of the fact that it is de-
voted to the two fields of greatest importance to everyone connected
with radio, provides horizontal coverage of the men who count in
the radio industry. Included are those engaged in:

MANUFACTURING: To engineers and executives engaged in man-
ufacturing home receivers and broadcasting, facsimile, and com-
munications equipment, FM AND TELEVISION is the principal source
of information on both new developments and the requirements of
new services.

BROADCASTING: During the past five years, broadcast engineers
and executives have come to regard FM AND TELEVISION as a pow-
erful influence in their field because of its splendid presentation of
factual data available in no other publication.

COMMUNICATIONS: Military use of FM has paved the way for its
application to many peacetime services, from police and railroad
communications to telephone and television relay systems. FM
AND TELEVISION carries more articles on such equipment than all
other papers.

MERCHANDISING: Among the subscribers to FM AND TELEVISION
are the buyers of the largest department stores, the cFrincipal musi-
cal instrument and phonograph.dealers, leading radio dealers, and
the most aggressive distributors of parts and sets, all of whom are
building their future merchandising plans on FM and television.

SERVICE: The highly skilled servicemen of the type who now main-
tain FM communications equipment, and who will service home
FM and television sets, look to FM AND TELEVISION as their source
of information on new apparatus, circuits, and installation practice.

IN ITS FIFTH YEAR OF SERVICE TO THE RADIO INDUSTRY

AND
TELEVISION

WitLiasm T. MOHRMAN, Advertising Manager
511 Fifth Aveaue, New York 17, Tel. VA 6-2483
Chicago Representatire:
MariaN FLEISCEMAN
360 N. Michigan Ave., Tel. STAte 4822

West Coast Representative:
Mivro D. Puen

541 S. Spring St., Los Angeles 13, Tel. Tucker 798}
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“I like to know
how I’'m doing

...and a Presto recording

tells me frankly!”

““A Presto recording is my severest critic,”
says Hildegarde, radio’s fabulous singing
star. “I have each of my Raleigh Cigarette
programs transcribed so that after the
show I can check my voice and delivery.
When you use Presto equipment—with
its accurate reproduction and fidelity to
musical tones—you know you’re getting
the truth!”

Major broadcasting stations all over the
country have found that Presto produces
high quality work—consistently. What’s
more, busy recording studios know that
Presto equipment can take it, year in and
vear out, and still remain in perfect operat-
ing condition over long periods without
adjustment. For every Presto unit is a pre-
cision instrument embodying fine materials
and workmanship and the highest operat-
ing skill. Write for complete information.

PRESTO

RECORDING CORPORATION
242 West 55th Street, New York 19, N. Y.
Walter P. Downs, Ltd., in Canada

WORLD’S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS
12 FM anp TeLeVISION



Announcing. —
Jhe New Madel 400
ELECTRONIC MULTI-METER

A COMBINATION

ELECTRONIC
L VOLTMETER
AND
VOLT-OHM
MILLIAMMETER
' (o PLUS
s e (0 CAPACITY
cgle o INDUCTANCE
b e REACTANCE
‘ RGN, " O = DECIBEL
® ‘“". ‘.@0‘,0“ ; ,
AL, X A =t i WMeasurements
Specifications:
D. C. ELECTRONIC VOLTS: RESISTANCE:
(At 11 Megohms input resistance) 0 to 1,000/10,000/100,000 Ohms—
0 to 3/15/30/75/150/300/750/1500,/3000 Volts 0 to 1/10/1,000 Megohms
D.C. VOLTS: CAPACITY: (In Mfd.)

.0005—.2 .05—20 .5—200
{At 1,000 Ohms Per Volt)

0 to 3/15/30/75/150/300/750/1500/3000 Volts REACTANCE:

10 to 5M (Ohms) 100—50M (Ohms)
A.C. VOLTS: .01—5 (Megohms)

. enries)
0/750/1500/3000 Volt

R e L 035—14 .35-140 35—14,000
D.C. CURRENT: DECIBELS:
0to3/15/30/75/150/30C/750 Ma.—O0 to 3/15 Amperes —10to +18 410 to 438 430 to 458

plete with batteries, two sets of test leads, one set of V.T.V.M. probes and

The Model 400 comes housed in a rugged crackle-finish steel cabinet com- Ss 250
instructions. Size 572" x 972" x 1O/ Net......coiiiiirieerrrennnnonaannnn

SUPERIOR INSTRUMENTS COMPANY

DEPT. FM., 227 FULTON STREET, NEW YORK 7, NEW YORK
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ALDEN

MODERN FACSIMILE 1S Wew!

New equipment is usually offered only as a complete final product—
BUT—with facsimile, an unusual condition exists—FACSIMILE IS
WANTED NOW, and we have been urged by those with real needs
to produce prototypes for experimental tests.*

To meet this demand, we have agreed to build a broad enough
line of prototype equipment so that its "use-tests” will determine any
desirable refinement or changes. We have accepted a number of
orders for such equipment and through this advertisement, are an-
nouncing this policy in order that others can have the same advantage.

Although our purpose is to supply equipment for “service-tests”
that may be considered experimental, the equipment itself is not ex-
perimental; in fact much of the designing in this prototype equipment
is offered with the confidence that comes only from the acid tests of
service all over the world.

With these prototypes, prospective users will find for themselves
the possibilities (as well as the limitations) of modern facsimile. They
will save costly mistakes and delays later.

Get actual equipment now. Designs will crystallize soon and it will
be costly to change specifications later. By ordering now, your experi-
ence_will insure later equipment best suited to your particular needs.

Adpyise us how you expect to use facsimile (with as much operational
detail as possible) and we will advise you to what type of equipment
that is being scheduled your order could be added.

Here is a check list of suggestions:

WHAT ''USE-TESTS'’ CAN PROVE

CUSTOMERS' REACTIONS—1o actual equipment placed in his hands, and to
programs or messages of various composition.

STYLING AND MOUNTING-—what style has most appeal—table or bench
models, chairside or kitchen-utility; what type of mounting—in rack, wall, panel,
dashboard or desk.

PAPER WIDTH: For your application, whether 4", 6/, 8", 18" or some inter-
mediate size is most practical.

PAPER SPEEDS: At what rate you want the copy o appear, consistent with cost
of wire circuits or band widths.

DEFINITION-—Whether 100 lines per inch is satisfactory.

CIRCUITS— Whether your present or proposed circuits are adequate to give the
desired speeds.

* Although WPB limit orders prevent regular manufacture of communication equip-
ment, manufacture for experimental work {or the preparation for civilian production
when the limit orders are removed) is approved and encouraged.

ALDEN PRODUCTS COMPANY

117 NORTH MAIN STREET . BROCKTON (64F3), MASS.
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FACSIMILE

/ I G

Nnils a1 77 7Y 1 7171
l/l/llal l/Oll Can Urc{e 7/0“/.
S Jd Signal ' Go -
You can arder a Universal--Standard—Signa Dispatch rablems require a
I LS T lllgh::y dlﬂ:ronf cppruc:h than cmxb rom
“STANDARD SIGNAL"— broadeasting. ARSWERING RC ORE, FCUR,

ERSA| A Most Dispotch Prablems Include—where da -
UNIVERSAL SCANNER (9009) ot e S it 1 M;'P';:,. ONE, FIV:S, SEVEX. FIED
This o that is uni ] h —con instructi simple an —while for
to ':wo'n::'s' Z::m‘:l::o.:;r;'uls ?arl ’o:rl‘sl:l::‘:ocord;u the recorder, the questions ure—h:c\:r' much room WA?IOR Sm msm

daes it tok i ofilli —i:
:ryl;E.'C“.eC?' any s'ondt:rds ﬂ:i are ::elydh be se'i ”'Gv’{d"m nin:lo,w:;" poper refiling easy—is zmo. cmum ONE rm-
G o] o X
ity Standard Sional in that it will be fres fram ' SAND FEET. VISIBILITY

inherent quality defects, such as gear hash and

”»”
vibration, It is supplled with drums ta pravide sig- DISPATCH SCANNER (9012) ond 4
nals for 47, 6", 8" o?dl 8"’ rocordor‘s, and wi'ih DISPATCH RECORDER (9010) mUR “IL-'S. ‘lﬂ'mmm
change gears to provide far operating at vari-
ous paper feed speads and with definition of 60, Thi Alden S Smnm Tm.nu
96, 100, 125 ar 209 lines per inch. s new en System has endeavored ta an-

::;i:a'o that which Is wanted, but actual trial by NI Rmy_"o. 'IKD

e who are to use it, will make possible the

Nearly every unknown can be ex- ﬁ,’:’:;,,’;,.d,]o;‘;hl e SCUTHYEST FUR- 8- ¥V «

Th d record designed es- rn
plored w't:‘ three ’h:’ of ruord’.’" poci:llyx?:'r'“dl‘:;okhing ::darr.oco:;l?\: sh;‘n -‘UR L3 uom OP: nm.
9000-8"° 9031-4"" 9021-18 messages. Copy is placed on scanner table;
scanner picks up, scons message ond resets for UNITED El.m 'EST-

9000~This is a Laboratory Type (Hogan | anpother mes: 5
Potent) page size continvous recorder using Alfax S o :ﬂ,';.;l stamatically starts the re- B(\UND DZPARTED WO
paper. Page size records 4 news columns or 8 | corder, prints messoge and stops. Copy can be

inches actual recording, 100 lines per inch—in- | recorded some size as original or enlarged 1% ZE:RO FIv'-.:‘ T m sm.

terchangeable gears and helices for 1", 2" or 3" | times for easy reading ot a distance.
SHIFS FLYIRG L™=

per minute recording,
AMERICAR EIGHT-

9031 —4-INCH FLUSH Synchronizing Equipment

MOUNTING MODEL Many "use-tesh” will be conducted in areas in
which the power circvits are 60 cycle synchron-
This may be the uvltimate home size recorder be- ously operated. In those instances, the equipment,
couse of its convenience in size, operation and both scanner and recorder can be operated with

paper use, but in any case it has unlimited use in 60 cycle synchronous motors.

dispatch and special purpose recording. It records Where this is not the cose, synchronization is

4 inches or 2 news columns, 100 lines, 3 inches | obtoined from an 1800 Cycde Compensated

per minute. Tuning Fork Osciilator, No. 9023, Operating with
this is @ multivibrator ta divide 1800 cycles to 60
cycles, No, 9027,

9021—18" CONTINUOUS
RECORDER

With this, a full size paper can be r ded,
and large maps or drawings sent. Thus, all large Recording problems are all special and in these,
space problems can be tried out, as well as high | large numbers of elements are being developed
speed duplication and tr ission prabl with | and tooled so that nearly any varled or special
U.H.F. microwaves or coaxial cable links. problem has in part been solved.

Special Recorders

o Instead of starting from scratch, you can
take advantage of the engineering plus
"service-testing’” that has already been
completed to make these units available
now, Present runs are small and prices not
cheap, but the design is anticipating
quantity production with reasonable costs.

BRING YOUR PLANS TO A HEAD—
let us send you photos and quote
you price and delivery on whatever

DISPATCH SCANNER AND RECORDER graphi¢ recording equipment you
UNDER PERFORMANCE TESTY have in mind.
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IN THE SERVICE
OF PEACE

The Victory which has brought peace to the world
signals a tremendous expansion of police and emer-
gency communications in the U. S. A.

Our capacity to accommodate thousands of new
transmitters on trucks, buses, and railroad trains, in
addition to great numbers of added police cars, will
be determined largely by the care with which each
transmitter is maintained at its allocated frequency.

The BROWNING crystal-controlled Frequency
Meter has reduced accurate frequency mainte-
nance to a simple "60 seconds check.” The low cost
of the BROWNING Frequency Meter makes it eco-
nomical to have these instruments available for
each service area.

There is a BROWNING Meter for every emergency
service requirement. Write for prices and deliv-
eries, giving your operating frequencies. Address:

BROWNING
LABORATORIES

INC WINCHESTER
. MASSACHUSETTS
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_WHAT ARE YOUR
TRANSFORMER PROBLEMS?

tS IT QUANTITY?

l
- IS IT QUALITY?
ﬁ \ IS IT DESIGN?

i1$ IT PRICE?

Llnitt 7 Gop, B>
" -

150 VARICK STREET NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORX 16, N. Y., CABLES: “ARLAB”

ALL PLANTS
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IN NEW ELECTRONIC STETHOSCOPE

£

- The conventional “acoustic stethoscope,” used by doctors since the horse-and-
1! buggy days. now gives way to a revolutionary electronic stethoscope called the
1 “Stethetron.”

Human lives are saved by making diagnosis easier and more accurate with
the “Stethetron® made by The Maico Compuny, Inc. Of particular interest to
you is that miniature Raytheon High Fidelity Tubes are used in this remarkable
device because of their complete dependability and precision performance.

This is just one more example of the superiority of Raytheon Tubes—the
line that you should feature to give your customers the best possible service.

Feature Raytheon Tubes now—for greater profits—and watch for the Ray-
theon merchandising program designed especially for established radio serv-
ice dealers who want to lead the field in postiwar volume in their communities.

Increased turnover and profits, plus easier stock control, are benefits
which you may enjoy as a result of the Raytheon standardized tube
type program, which is part of our continued planning for the future.

Raytheon Manufacturing Company

RADIO RECEIVING TUBE DIVISION
NEWTON, MASSACHUSETTS + LOS ANGELES * NEW YORK <+ CHICAGO = ATLANTA

e cec TS TS " T _'f

**MEET YOUR NAVY'
AMERICAN BROADCASTING CO.

Devoted to Research Every Monday Night
AL FOUR DIVISIONS HAVE S

BEEN AWARDED ARMY.NAVY and the Manufacture of Tubes for the New Era of Electronics 181 Stations
“E” WITH STARS

18 FM AND TELEVISION



)7 W%Mm«c& evety Zoree S
2 BALLENTINE

§) RECORD
)/  CHANGER

For
Dependable, Trouble-Free Performance
Advanced Features, Basic Improvements
Found in No Other Changer

Star Performance in Record Changers
means positive changing action, low rumble,
no broken records, perfect adjustment in
spite of careless or accidental handling,
minimum “wow"’.

Such performance has been little more than
an engineer’s dream, until the Ballentine
Changer made it a reality.

New major principles of design and operation
were developed after thorough research disclosed
the basic requirements of the simple,
dependable, trouble-free changer.

Today the Ballentine Record Changer stands
unexcelled in the field, the quality record
changer for the radio manufacturer, assuring
complete customer satisfaction. Available in
different price ranges.

The Ballentine Record Changer
means
Star Performance—every time

RUSSELL ELECTRIC COMPANY

362 W. HURON STREET, CHICAGO 10, ILLINOIS . Manufacturers of

BALLENTINE RECORD CHANGER
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Why Western Electric
equipment leads the way!

1. Western Electric products are de-
signed by Bell Telephone Laboratories
—world’s largest organization devoted
exclusively to research and develop-
ment in all phases of electrical com-
munication.

2. Since 1869, Western Electric has
been the leading maker of communi-
cations apparatus. Today this company
is the nation’s largest producer of elec-
tronic and communications equipment,

3. The outstanding quality of Western
Electrie equipment is being proved
daily on land, at sea, in the air, under
every extreme of climate. No other com-
pany has supplied so much equipment
of so many different kinds for military
communications.

_‘(;\Lp L

74

© sy

POWER & LIGHT CO.

Wesrtern Eleciric

Global war has spotlighted and proved to all the world the

tremendous value of instantaneous communication by mobile
radio telephone. In the air, on land and at sea, it has helped to
get the job done faster and to save countless lives.

Men at work or men at play, in the vears ahead, will find
mobile radio telephone an equally efficient means of keeping

AM - BROADCASTING - FM

Western Electric has specialized

.

MARINE RADIO AVIATION RADIO MOBILE RADIO

FM AND TELEVISION



equipment leads the way!

in quick, easy contact with business headquarters or with home.

For more than a quarter of a century, Bell Telephone Labo-
ratories and Western Electric have pioneered in the field of
mobile radio. When manpower and materials become available,
count on Western Electric for the finest equipment for mobile

unication vices.
T T e Tl Buy all the War Bonds you can

o+ » and keep all you buy!

knowledge in all of these fields

— -l '

HEARING AIDS

August fo me }- FM RaDI0O ELFCTRONICS 1



0
THE @f/‘ BALLENTINE

RECORD CHANGER MOTOR

Has these four characteristics achieved by
advanced design, skilled engineering
and precision manufacturing.

® Lowest Rumble e Highest Efficiency
e Most Compact Design e Longest Life

The Quiet Ballentine Changer Motor is
recommended to record changer manu-
facturers seeking to provide the
ultimate in performance.

74

RUSSEL |

3
62 Weg, Hurop Stree¢
Chtcago 10, Mlinejg

FM AND TELEVISION



The list of Hytron’s customers for the
standard OC3/VR105 and OD3/VR150
reads like the social register of elec-
tronics. Proved quality products, these
Hytron tubes are found literally by the
millions in military radar, cominunica-
tions, and electronic equipment.

Now in space-saving miniature bulbs, the
new Hytron OA2 and OB2 offer the same
careful engineering design, rigid control of
processing and assembly, and adherence
to tight factory specifications which have
made the standard Hytron regulators
famous. Life and performance of the
miniature OA2 and OB2 equal those of the
standard tubes, except that maximum
operating current is 30 ma. for the minia-
tures. Construction is both simple and
rugged. Note, for example, use of both top
and bottom mica supports and the heavy
stem leads. Compare the characteristic
data given. Consider the possible space
economies. Order your engineering samples
today.

COMPARATIVE DATA
HYTRON MINIATURE AND STANDARD GASEOUS VOLTAGE REGULATOR TUBES

PHYSICAL CHARACTERISTICS AVERAGE OPERATING CONDITIONS
TYPE Supply Operating | Regulation Operating
Max. Length | Max. Diam. Bulb Base Voltaget | Voltage | E, —E.? Current®
(inches) (inches) (min.) (approx.) (volts) (mo.)
OA2 255 ¥ T-5!2 | 7-p:n Min. 5-30
: . | R } 185 150 2
OD3/VR150 41 1% ST-12 | 6-pin Octal 5-40
5. A/ N3V4 ) : -
OB2 25% 4 T-51% | 7-p.n Min. } A i 1 { 5-30
OC3/VR105 414 1% ST-12 | 6-pin Octal 5-40

tSufficient resistance must always be used in series with the tube to limit curcent through it as follows: OA2 and OB2, 30 ma.; OD3/VRI150
and OC3/ VR105, 40 ma.
t1Regulation (either positive or negative polarity) is defined as the difference in voltage when the current is varied from $ ma. to 30 ma,
*Operation for extended periods of time at low current will temporarily increase regulation of tube.

W,

OLDEST MANUFACTURER SPECIALIZING IN RADIO RECEIVING TUBES

BUY
ANOTHER
WAR BOND

MAIN OFFICE:
PLANTS: SALEM, NEWBURYPORT, BEVERLY & LAWRENCE

August 1945—formerly FM RaD1I0 ELECTRONICS
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FOR ALL ELECTRICAL APPLICATION

- v 2Ol o VA = A
>

- -~ . .
) - e

W AR, TAK O T/

WHY give a few cents worth of electrical in-
sulation a chance to be the weak link in your
product? Use BH Extra Flexible Fiberglas
Sleeving—the one insulation with all these
advantages:

It is permanently non-fraying, non-stiffening
and non-burning, by virtue of the exclusive BH
process. It will not dry out, crack or rot, retain-
ing its original unusual resistance to high and
low temperatures, moisture, oil, grease and
chemicals indefinitely.

If you want an all-purpose sleeving that sim-
plifies assembly and maintenance and gives
longer maximum protection, standardize on BH
Extra Flexible Fiberglas Sleeving. Available in
all standard colors and sizes from %'’ to No. 20,
inclusive. Write for free samples today and com-
pare by actual test!

HOW TO KEEP CUSTOMERS COOL AT 1200°F!
Direct contact with heat up to 1200°F does not
harm BH Special Treated Fiberglas Sleeving, the
non-burning. unsaturated, flexible-as-string sleev-
ing that stays supple and won’t fray when cut.

Made in natural color only—all standard sizes.
2 W W Get this extra protection now and keep custom-
ers’ temper cool, too!

ALL BH PRODUCTS AVAILABLE IN STANDARD
36” LENGTHS and 500-FT. COILS

PRODUCTS

Dept. B Conshohocken, Penna.
24 FM AND TELEVISION



Medium Duty
Power
Switches

® 7% amp. 115V.60 cycle A.C, ® 25,000 cycles of operation
] without contact failure
® Voltage breckdown 2500 V
fo ground D. C. ® Fixed stcps to limit rotation

® Solid silver contacts ® 20° indexing

Centralab medium duty power switches are now available for
transmitters (has been used up to 20 megacycles) power supply
4 converters and for certain industrial and elecironic uses.

It is indicated in applications where the average Selector Switch
is not of sufficient accuracy or power rating. Its accuracy of con-
tact is gained by a square shaft, sleeve fit rotor, and individually
aligned and adjusted contacts. It is assembled in multiple gangs
with shorting or non-shorting contacts. Torque can be adjusted
1 to suit individual requirements. Fumished in 1 pole ... 2 to 17
3 positions (with 18th position continuous rotation with 18th posi-
: tion as “off"”); and 2 or 3 pole. . . 2 to 6 position including “off".

n ]|

3 '\-—a—__-"

y =)
,.

Division of GLOBE-UNION INC., Milwaukee

PRODUCERS OF Variakle Resistors ® Seleztcr Switches ® Ceramic Capacitors ® Fixed ond Yariable ® Steotite Insulators and Sitver Mica Capacitors
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YOU NEED hallicrafters EQUIPMENT
in high frequency development work

Rail and motor lines, maritime services and
universally expanding aviation are planning
new or improved communications systems to
Keep up with the forward pace. In these and
many other ficlds of science there is an urgent
demand for the latest developments in very
high frequency and ultra high frequency ap-
paratus. In your work in these ficlds, look to
Hallicrafters for advanced communications and

clectronics equipment.

)

Wiy BUr 4 war iﬁi}.\t-..zm

BOND TODAY! & T

o The new Huallicrafrers AM FM receiver, Model $-36, de-
signed for mavimum performance on the very high frequencies.
Provides conunuous frequency coverage from 27.8 to 143 Mc.
Covers old und proposed new FM bands. AND ELECTRONIC EQUIPMENT, CHICAGO 16, U, S. A,

THE HALLICRAFTERS CO.,, MANUFACTURERS OF RADIO
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WHAT'S BEHIND THE AM VS. FM BATTLE?

An Examination of the Single Market FM Plan Which, as Proposed, Would Make FM Stations Play
the Pauper Rale fo Princely Multi-Market, Clear Channel AM Stations

O THOSE who have had an active and

continuous part in the progress of Fre-
quency Modulation sinee the inception of
FM broadeasting and communications,
the misstatements and the misrepresenta-
tions of fact contained in the records of
the RTI’B meetings and FCC hearings
are. to say the least. appalling. What is
still more serious, such testimony was, in
most cases, presented in such a plausible
manner that it was much easier for the
Commissioners to believe it than simple
statements of truth from those whose only
purpose was to make the superior service
of FM broadcasting available to the great-
est number of radio listeners in the short-
est possible time.

“3ut.” comes the

BY MILTON B. SLEEPER

missioners just beeause the best interests
of their companies would be served by
wreeking the expansion of FM broadeast-
jng. it must be remembered that history is
just repeating itself.

The Battle of the Currents * Go back just 60
vears, and you'll find a parallel situation.
In 1883, rival electrical companies were
engaged in what was called the Battle of
the Currents. Leader in the fight waged
by vested interests against the progress of
clectrical transmission was Thomas .\.
Sdison.

He was then the largest producer of
direct current dynamos and lighting sys-
tems. His use of DC limited his lines to a

distance of about 3 miles because of the
heavy copper conductors required to de-
liver any substantial amount of current at
low voltage. Nevertheless. Edison’s op-
position to the use of alternating enrrent
(and long-distanee power transmission)
was said to have been an obsession, for he
was determined to hold the position of his
company against the competition of AC
at any cost. and by any means.

Indeed. Edison and George Westing-
house, who was the leading contender for
alternating current, used the daily papers
as the AC vs DC hattleground for what
was a veritable mud-slinging contest. No
holds were barred. and distortion of facts
and downright falsehoods were the order

of the day m this

impatient rejoinder.
“if the Commis-
sioners want to know
the truth. theyv are
smart enough to sec
through smoke-screen
testimony that is in-
tended to hide self-
ish interests.”

It might seem so,
until it is remem-
bered that the Com-
missioners are not
former engincers or
executives experi-
enced in broadcast-
ing or equipment
manmufacture. They
are political ap-
pointees and, with
the exception of
Commissioner Jett,
men with only legal-
political experience,
who may not have
heard of megacycles
or means for modu-
lation before they

took office in the
FCC!
And if it scems

shocking that radio
engineers and execu-
tives should be so
unethical as to plan
and present testi-
mony intended to
mislead the Com-

y—

colorful scrap.

An example eon-
parable to some of
the statements pub-
lished currently by
anti-FM interests
was a scarlet-bound
booklet entitled
Warning from the
Edison Electric Light
('ompany, a fantastic
effort to build up
a case against AC
high-voltage dis-
tribution, declaring:
"It is clear that
high pressure, par-
ticularly if accom-
panied by rapid al-
ternations, is not
destined to assume
any permanent posi-
tion. It would be
legislated out of ex-
istence in a very
brief period even if
it did not die a natu-
ral death.”

Edison’s propa-
ganda threw the
whole electric power
business into com-
plete confusion. In-
deed, when Elihu
Thotnson introduced
the “grounded sec-
ondary” method of
AC distribution, re-

August 1946 — formerly F'M Rapio-ELECTRONICS
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quired today in every AC installation, the
Insurance Underwriters actually prohib-
ited its use, and it was only 24 years ago
that Thomson was officially recognized as
The Father of Protective Grounding.

In 1886, while the AC vs DC fight was
still on, the first commercial AC line, and
the longest ever attempted up to that
time, was installed by William Stanley, a
Massachusetts inventor, to supply elec-
tric lights for the town of Great Barring-
ton, Mass., at a distance of one mile. (The
offices of F'M axp TELEvVIsiON are located
in Great Barrington on a street once
lighted by Stanley’s installation.)

Not long after this system was com-
pleted, Michael Pupin, a young professor
of physics from Columbia University, de-
livered a brilliant defense of alternating
current at a Boston meeting of the In-
stitute of Electrical Engineers. Professor
Pupin’s paper caused a wide split among
the members, and he was openly damned
for having uttered ““electrical heresy.”

Today, history is repeated as radio
broadcasters form ranks for the battle of
AM vs FM, in which the central figure
is Professor Pupin’s outstanding pupil,
Edwin Howard Armstrong.

The Battle of AM vs FM * If Edison were to
conduct his historic fight today, he would
benefit from the technique which Plausi-
ble Paul Kesten, CBS vice president, has
used against FM. He would not have
raved and ranted against the use of AC.
Instead, he would have come out strongly
in favor of high-voltage AC as the demo-
cratic way of making electricity available
to every citizen. Moreover, he would have
demanded that, in the interests of national
economy, all AC power distribution be re-
quired to operate on a minimum of 50,000
volts. Finally, he would have induced
Congress to pass a law against the use of
insulators more than 5 ins. long, clinching
his argument by demonstrating that
longer insulators of any available material
were too weak to support the lines.

Then he might have stood on the steps
of New York’s Sub-Treasury Buildingand
thumbed his nose at George Westinghouse.

Whatever tactjcs Edison employed, he
could not have won any permanent vic-
tory for, as time has proved, both techni-
cally and economically, DC power dis-
tribution cannot provide the public
service that is made possible by AC.

Similarly, public interest, convenience,
and necessity will be served, in the end,
by the replacement of AM with FM broad-
cast transmission. In the meantime. AM
broadcast interests are fighting a battle
against FM in such a succinct and subtle
manner that frontman Kesten has suc-
ceeded in creating the impression that he
and CBS are among FM’s most enthusi-
astic proponents.

28

Not that Mr. Kesten or any of the oth-
ers fail to realize that FM will win even-
tually, any more than Edison thought
that he would win out against AC. Why
fight, then? The answer is clear. Edison’s
company was growing in wealth and
power through the sale of DC equipment.
The longer he could stave off the shift to
AC, the stronger his company would be-
come. Meanwhile, the AC group might
become weakened by discouragement, and
there was always the possibility of some
unexpected, favorable development.

FM Group Lacks Showmanship * The same rea-
soning lies behind the fight against FM.
However, the opposition is smart enough
to know that an open, direct attack would
hasten the ultimate victory of FM, and
the complete replacement of AM by FM
broadcasting. Why? Because the most ex-
haustive research into the possible weak-
ness of FM has only revealed new possi-
bilities for improving radio service to the
listening public by shifting rural as well as
regional and local broadcasting to FM.

That is why those most anxious to delay
FM have consistently prefaced their re-
marks with enthusiastic praise of its possi-
bilities, and then proposed some plan or
other, obviously unsound from the tech-
nical point of view, that would degrade or
limit FM broadcast service. Such instances
appear repeatedly in the record of the Al-
locations Hearings.

But the only actual weakness found in
FM was not in its theory, practice, or per-
formance. It was in the utter indifference
of FM’s most loyal supporters to that vital
factor on which the business of broadcast-
ing has been built in this country, namely,
showmanship.

Both individual FM station operators
and the FMBI officers gave generously to
the time and cost of presenting arguments
before the FCC, but there is more convic-
tion in a 30-minute demonstration of high-
fidelity FM than in reams of testimony.
There is reason to doubt that, within the
last three years, any of the Commissioners
or members of the FCC staff has heard a
live-talent program, planned to show the
full capabilities of FM, from a high-quality
receiver. This may well be true of broad-
cast executives and engineers whose pur-
pose in testifying at FCC hearings was
antagonistic toward FM.

Nor do these men have the knowledge of
FM’’s ability to eliminate interference con-
ditions in many different locations. An in-
dication of this is the conflicting state-
ments to the effect that FM is valnable to
listeners in rural areas, but it is little if any
better than AM in cities served by nearby,
powerful AM stations, and then other
statements that FM is most useful in cit-
ies where there are many sources of man-
made interference which are not found in

rural areas. Neither opinion reflects knowl-
edge of true conditions, for the facts are
that FM reception from a well-designed
receiver is decidedly superior to AM in
both urban and rural areas, but not for the
reasons quoted above.

While FM has had almost continuous
publicity from the press, particularly in the
last year, actual FM broadcasting has cer-
tainly not done credit to its capabilities.
With negligible exceptions, the moment
the FCC relaxed its requirement of an
hour of high-fidelity programs during the
day and at night, the FM stations fell back
on transmitting AM network programs
and recordings — many of them very bad
indeed.

The excuse was lack of equipment or
manpower. Yet some of the FM station
operators have, at the same time, ex-
panded their television activities. As a re-
sult, when inquiries are addressed to FM
AND TELEvisioN Magazine from broad-
cast engineers and executives and prospec-
tive FM station operators asking, “‘ Where
can I hear high-fidelity FM transmis-
sion?” it is only possible to say: ““As far as
we know, there is no such transmission on
the air.”

Information Please! * For more than a year,
television stations have made their studio
and transmitting facilities available to ad-
vertisers and agencies so that they could
experiment with visual programs, and de-
velop television techniques against the
time when the number of television receiv-
ers will support the use of this medium for
commercial purposes. In this manner they
have developed an understanding of tele-
vision and enthusiastic support for its po-
tential usefulness to sponsors.

During that time, practically nothing
has been done by FM broadcasters to en-
courage producers and directors to study
the possibilities of FM broadcasting. The
truth of the matter is that unlimited op-
portunities for dramatic effects and for
enhancing the impact of advertisers’ mes-
sages are opened up by the realism of FM.
But this opportunity is being lost to both
producers and sponsors by lack of sales-
manship and showmanship on the part of
FM station management. Consequently,
no widespread support, based on knowl-
edge of its commercial possibilities, has
been developed.

Last year, the Radio Executives Club
in New York City sponsored a television
seminar which drew an initial attendance
far beyond expectations. It fell rather flat
because there was much talk, but nothing
demonstrated. An FM seminar would
draw a still greater attendance, and could
be made the most interesting and valuable
contribution to the radio broadcast art if
it included demonstrations of the program

(CONTINUED ON PAGE 80)
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VIBRATING-REED FREQUENCY METERS

Information for Design Engineers on the Operation, Calibration, and Use of Reed-Type Instruments

HILE some engineers have thought

that vibrating reed frequency meters
went out of date years ago, their accuracy
and ruggedness have made them useful
for military equipment in all of the fa-
miliar applications and many others which
are entirely new. The accuracy of vibrat-
ing reed frequency meters can be held to
about .25%. This requires accurate cali-
brating equipment and reliable frequency
standards. In addition, these instruments
are now capable of withstanding rough use
and jungle conditions.

Prior to 1941, the most familiar vibrat-
ing reed frequency meter design was that
invented by Frahm, in Germany. In
May, 1941 a new design ! was developed
by F. J. Lingel of the Triplett Electrical
Instrument Company of Bluffton, Ohio.
The basic parts are an exciting coil, a reed,
and a permanent magnet. These are shown
in Fig. 1. The coil A surrounding the reed
B is connected to the source of frequency
to be measured. The reed is held firmly in
the mount C attached to the framework of
the instrument. D is a permanent magnet.

Briefly stated, a field from the exciting
coil will, by induction, make a magnet out
of the reed which then reacts with the
field from the permanent magnet. If the
resonant frequency of the reed is the same
as that of the frequency of the current in
the coil, vibration will occur. If the in-
coming frequency is not correct, there will
be little or no vibration. Tuning or cali-
bration of the reed is accomplished by :

(1) Varying the length of the reed.

(2) Varying the thickness of the reed.

(3) By adding or subtracting weight at
E, the free end of the reed.

The design shown at Fig. 1 is used in
the majority of J-B-T frequency meters at
the present time. Another design was de-
veloped in 1942 which is used in special
applications, particularly where extremely
low power consumption and a greater con-
secutive number of reeds are required
than can be accommodated within the
present exciting coil winding.

The basic parts are shown in Fig. 2.
Part of laminations F extend through the
coil A. Magnet D) rests against the lami-
nations with the free end of the reed B

* Chicf Engineer, J-B-T Instruments, Inc., 441
Chapel Street, New Haven 8, Conn.

1" Design of a Vibrating Reed Frequency Meter”
by Fred J. Lingel, The Instrument Maker, Vol. 12,
No. 3, p. 18-22, March-April, 1944,

August 1945 -

BY DONALD E. ANDERSEN *
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FIG. 1, ABOVE, ELEMENTS OF STANDARD
METER. FIG. 2, BELOW, SPECIAL DESIGN
FOR MORE REEDS, LESS POWER

located above. The laminations, due to
the permanent magnet, exert a steady
pull on the reed which is varied by the
action of the current through the coil. As
with the first design, a frequency in tune
with the reed produces vibration.

The heart of the meter is the reed. The
most commonly used material is a high-
grade spring steel. This must be cut to
length, the flag bent up, and the piece
soldered firmly into the mount. One of the
most important factors insuring stability
of calibration is the firmness and per-
manence of this junction. Other factors
include operation well below the elastic
limit of the material, and the permanence

FIG. 3. VACUUM TUBE FREQUENCY METER

- formerly FM Rapio-ELECTRONICS

of the weighting material used for cali-
bration. The 60-cvele reed has a safety
factor of 7, assuring reliable operation for
years of continuous service.

In addition, protection against rusting
of the reed material is important for ob-
vious reasons. This requires the use of
special lacquers and paint for the flags.
Some materials which afford protection
against exposure for months along the
Connecticut shore will not last over a
week in jungle conditions. Formulas have
been found which prevent rusting and do
not discolor although exposed for several
weeks in an atinosphere of about 95% hu-
midity with temperature cycled between
normal room temperature and 120°
Fahrenheit. All coils and resistors are
baked to remove moisture and are then
coated with fungus resistant lacquer. All
soldered connections are also covered.

Jungle tests are made with the use of a
standard dessicator such as found in all
chemical laboratories. The bottom section
is filled with water to within an inch of the
supporting plate. With parts to be tested
inside and the cover in place, the unit is
put in a temperature-controlled oven. The
dessicator is made practically air-tight to
reach maximum humidity. For fungus
tests, the culture, Aspergillus Niger, is
placed on several points of the components
being tested. Several untreated parts of
material known to support the fungus
growth are included in one part of the des-
sicator Lo make sure that proper condi-
tions are maintained.

Since springs, pivots, jewels, and other
delicate parts are not used, vibrating reed
instruments are quile rugged. Sustained
shock tests on a tester built according to
Signal Corps Specification No. 71-515-B
indicate a ruggedness capable of with-
standing this treatment much longer than
the one hour required. Briefly this tester
permits the meter to be mounted in vari-
ous positions 15 ins. from the hinged end
of a plywood board with a rotating square
cam supporting the board directly under
the meter.

In aircraft service, temperatures vary
from + 140° F. on the ground to — 65°
in flight. Tests of the spring steel reed ma-
terial we use show that it has a tempera-
ture coeflicient of approximately 75 parts
per million per degree Fahrenheit. This
agrees closely with the prior art in vibrat-
ing reed frequency meters on the market.
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For the temperature span mentioned
above, a 60-cycle reed would vary approx-
imately plus or minus 0.45 cycle.

A new material for vibrating reeds has
been found which has the extremely low
temperature coefficient of 8 parts per mil-
lion per degree Fahrenheit. A change in
temperature of 200 degrees would produee
a change in calibration scarcely detect-
able. It is a special grade of nickel steel
with other characteristics combining to
make it an ideal reed material. While the
elastie limit is slightly less than the spring
steel normally used, reeds under test in the
laboratory for the past 17 months have
withstood about 2,750,000,000 vibrations
without sign of fatigue or change in cali-
bration. The material is almost corrosion
proof. No sign of rust has been found after
weeks of exposure in an atmosphere of
95% humidity. This new material, now
being introduced commercially. is known
as the J-B-T Neutro-Temp Rced.

We have produced many special types
of vibrating reed frequency meters, to
meet the needs of the Armed Forces, and
the wide range of voltages and frequencies
now available is being constantly ex-
tended. A few examples will indicate the
types available.

At the present writing, the lowest fre-
quency being calibrated is 15 cycles.
Experimentally, lower values have been
produced, but due to the pressure of
standard production, none is being manu-
factured now.

For frequencies between 15 and 30
cycles, the most’ sensitive meter in pro-
duction operates at 4 volts, with a power
consumption of approximately 0.007

FIG. 4. TUNING FORK FREQUENCY STANDARDS, CHECKED AGAINST STANDARD FRE-
QUENCY RADIO SIGNALS, ARE KEPT IN A TEMPERATURE-CONTROLLED CABINET

watts. Its impedance is about 2,500 chms.
This particular model accommodates 13
reeds. As the frequency increases, more
power is required. A standard 400-cycle,
9- or 1l-reed meter can be operated on
75 volts at a power comsumption of
approximately 0.5 watt, having an im-
pedance of about 7,500 ohms. Also, 400-
cycle meters are built with lower imped-
ance for 24-volt operation with the same
power consumption. The above examples
illustrate the ease with which these meters
may be adapted to electronic circuits.
The same meters are easily adapted to
higher voltages. At 120 volts, power con-

FIG. 5. OPERATOR 1S TUNING A REED DIRECTLY AGAINST A STANDARD TUNING FORK
FREQUENCY. NOTE THE ROW OF REEDS IN THE FOREGROUND
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sumption is 0.5 watts at 60 cycles, and 1.3
watts at 400 cyeles.

The upper practical limit for vibrating
reed frequency meters is about 550 cycles
where substantial visibility is required.
Due to the necessity of shortening the
reed or increasing its thickness to attain
the higher frequencies, the elastic limit is
soon reached unless the flag size is rad-
ically reduced.

The well-known ability of the multi-
vibrator to divide incoming frequencies
was investigated with regards to extend-
ing the range of this frequency meter.
While the usual circuits tried were not
satisfactory, development was continued
until a final design made possible the use
of a 400-cycle meter to measure frequen-
cies of 1, 2, 3, 4, 6, and 9 times the basic
range of 380 to 420 cycles.

This instrument, known as the J-B-T
Vacuum Tube Frequency Meter, is shown
in Fig. 3. Accuracy of .25% is easily at-
tained. Calibration at the factory is per-
mauent, and the instrument is always
ready for use without further standardiza-
tion. Power consumpiion of the multi-
vibrator is approximately 25 watts at
115 volts, 60 cycles. The input impedance
is 590,000 ohms. Six tubes are used, with
the entire instrument housed in a sloping-
front metal eabinet 8 by 10 by 8 ins.

While this model derives its power for
heaters and plate supply from the 60-cycle
power line, another model is available
which operates directly from the source of
frequency being ineasured. The total
power consumption for a standard model
covering 2 or 3 ranges is 20 watts. Three
tubes are used and overall dimensions of
the electronic unit are 434 by 54 by 6
ins. high. This unit can be mounted
wherever desired, with the indicating in-
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30-FX

21-FX

31-FS

FIG. 7. THREE STANDARD METER TYPES. CENTER METER HAS 2-11/16-IN. FLANGE, 1-3/8-IN. DEPTH BEHIND PANEL

strument on the panel. The latter meets
JAN-I-6 specifications for mounting.

Specifying frequency meter ranges re-
quires care regarding several details. The
range of a given frequency band and cor-
responding increments between reeds de-
pends upon several factors. If continuous
coverage is desired without so-called dead
spots, the response curves of the individ-
ual reeds must overlap. If it is desired to
set frequencies to definite values, in-
dividual reeds can have almost any cali-
bration desired within the limits of pres-
ent design. Two typical examples illus-
trate the basis for determining the band
desired. With the J-B-T 34-FX 60-cycle
frequency meter, it is possible to accom-
modate 11 reeds. With increments of 1
cycle, a range of 53 to 63 cycles can be
covered. With one reed vibrating at full
amplitude, practically no vibration occurs
on adjacent reeds. Nevertheless, a fre-
quency midway between two reeds will
produce about 4 of full amplitude vibra-
tion of each reed. With one-half cycle in-
crements, the range is cut in half, but
broader respoase is attained. It makes
possible, however, closer reading of fre-
quencies between reeds. If the meter is to
be used to set frequencies at some definite
point, the full-cycle increment is recom-
mended.

It should be urderstood that for fre-
quencies other than 60 cycles, increments
must be kept proportional. Thus at 120
eycles, 2 cycles per reed gives performance
comparable to single-cycle increments at
60.

All calibration of J-B-T frequency
meters is done against tuning fork stand-
ards which in turn are checked by use of
the Bureau of Standard’s time signals.?
Accuracy can be maintained within 0.05
per cent. Each fork is electrically coupled
to a two-tube oscillator circuit, the out-

2 “ Tyning Fork Standards for Meter Calibration”

by Donald E. Andersen, Electrical World, Vol. 121,
No. 2, p. 92, January 8, 1944.

put of which is wired throughout the
plant. With provisions for 15 standard
frequencies available to each operator,
calibration of any frequency meter as low
as 5 cycles or up to 1,000 cycles can be
accomnplished easily. The system thus
provides a source of standard frequencies
available to all operators alike. It is used
for calibration, final testing, inspection,
and by the laboratory for various research
projects. The frequency standard racks
are shown in Fig. 4.

At each test position is a small booster
amnplifier which converts the voltage from
the relatively high impedance cable cir-
cuits into sufficient power to operate a fre-

3 Frequency Channels for Meter Calibration™ by
Donald E. Andersen, Electrical World, Vol. 120, No.
22, p. 72, Nov. 27, 1943.

quency meter.* The meter contains reeds
tuned to the various standard frequencies
being used. With the selection of the fre-
quency to be used, the eorresponding
reed vibrates at the same rate as the fork.
A stroboscopic light, controlled by the os-
cillator to be standardized, is directed at
the fork-controlled reed and the oscillator
controls are adjusted until the vibration
of the reed is **stopped”. With the oscil-
lator dial standardized at one or more
points in the range to be used, the oper-
ator can then tune to any frequency de-
sired.

All oscillators, as well as other calibrat-
ing equipment, have been designed and
built by our own engineers and techni-

(CONCLUDED ON PAGE 36)

FIG. 6. TYPICAL INSPECTION SETUP FOR CHECKING ADJUSTMENTS OF THE REEDS

August 1945 — formerly FM TRAI)I(}- SLECTRONIC'S
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FIG. 1.

THAT IT

TO THE ADVANTAGE OF AFFORDING A
RECORD OF EACH MESSAGE, FACSIMILE OVER-
COMES INTERFERENCE FROM AMBIENT NOISE
SUCH AS IS ENCOUNTERED IN RAILROAD USE.
THE RECORDING MECHANISM IS OF SUCH DESIGN
1S NOT AFFECTED BY VIBRATION

A NEW FACSIMILE DISPATCH AND REPORT SYSTEM

Profotype Equipment of New Facsimile System about fo be Released for “Use Tests”

PERSON'S given name may be an asset
A or a liability. I once knew a girl named
“Mamie,” and although it is a good name,
it always seemed to me that it was a handi-
cap to her. How could she help but
become plain and a little pudgy?
Here at Alden Products Company, we
are about to christen a new facsimile

*President, Alden Products Company and Alfax
Paper & Engineering Company, Brockton, Mass,

FIG. 3. CLOSEUP OF RECORDER SHOWN IN FIG. 1
AND SUBSEQUENT [LLUSTRATIONS

BY MILTON ALDEN*

system. We are afraid to dub it the wrong
name and handicap its usefulness. For the
purpose of this article, we are calling it a
Facsimile Dispatch and Report System.
May I tell you its purpose. what it will
do, and its special features? Then, perhaps,
You can suggest further applications and a
more appropriate name. But first, let e
tell you some of the reasons for its design:
Its original consideration was pre-war,
when tanks were still something
of a curiosity. The laboratories
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thought it would be a swell idea
to equip tanks with tape record-
ers, and in the absence of com-
pact small page recorders, tape
had its possibilities. But, in con-
sidering the tank recorder, visu-
alize yourself in a tank driving
over rough terrain, being knocked
about,  temperature over a hun-
dred, visibility poor inside and
out — and now you are supposed
to pick up and read a ticker tape.
And when you succeed in read-
ing it, what are you to do with it?
Imagine trying to thread a new
tape under these conditions, and

having the large roll of tape and bulky
mechanism taking up the valuable re-
stricted space in which you are operating!

Dispatch System Versus Tape « In contrast, vis-
nalize a recorder flat against the wall,
printing out a recording with clear, dis-
tinct letters on paper 4 inches wide that is
indirectly lighted, without glare. You have
one place to look when the message starts
antomatically and the message comes out
at a rate you can easily read, even if you
are able to give it only part of yvour atten-
tion. The recorder paper rolls up on a
spring take-up roll so that you may pull
the recording back to refresh your memory
on any message received.

Operating the recorder is simplicity it-
sclf. To insert a new roll of paper, you lift
the cover, take the paper from a small
serew top can, insert it on a hinged shaft
that is pushed up to a convenient angle by
a spring, slip the paper roll in place, close
the cover, and the recorder is back in
operation. It takes less time to complete
the operation, as a matter of fact, than we
have taken to describe it. And further-
more, there is not the usual delicate

FM axp TeLEVISION



F1G. 2. SCANNING INSTRUMENT FOR FACSIMILE
TRANSMISSION FROM A RAILROAD SIGNAL TOWER

printer mechan’sm of the tape recorder
requiring adjustment from time to time
to worry about.

Now at the transmiiting end of a tape
system, there is a practical if not serious
problem. Tape transmitting and recording
systemns have often been chosen before our
dispatch system was known, because they
were considered simple and would operate
over the poorer wire circuits or over nar-
row radio bands. In any tape system there
was always the problem of getting the
message onto the transmitter tape in uni-
form weight and bold enough to produce a
good record at the receiving end. Type-
writer companies have been approached
to make special tvpewriters, with letters
larger than the usual type. to print di-
rectly on the tape. Varitypers were used,
and some manufacturers made typewriter-
scanner combinations. However, the rate
of typing and fransmission never match,
and such arrangements on busy circuits
are very wasteful of either the circuit or
the operator’s time.

One service that wanted to use tape
facsimile went so far as to use Teletype
machines to print messages on the tape for
scanning. For relaying. this is all right, but
if you are to use a Teletype to produce
vour scanning type, you might as well use
the complete Teletype system, the Hell-
schreiber, or the tape perforator code
systems.

Then there is the problem of fading or
interference. Teletype sends five to seven
impulses in combination to make a letter.
If static or fading varies any of these im-
pulses, you may get the wrong letter, or,
more particulaly, static in the no signal
space will print a letter. (In multiplexing
and special transmitting circuits, this can
be overcome by having no interval with-
out a signal.) With page facsimile, you
would lose only a portion of each letter in

aline during an interval of fading
long enough to wipe out a com-
plete word in the tape recorder
system, as shown in Fig. 11.
Similarly, a static impulse of
sufficient duration to render an
entire word illegible in the tape
recorder will simply cause a thin
line of dots to appear across the
copy in the page facsimile sys-
tem, as shown in Fig. 12. In ei-
ther case, misinterpretation will
he impossible.

There is no way, for example,
for atmosphlieric conditions to
make facsimile record an A in-
stead of an E, or a 2 for an 8.
Yet this is quite possible when a
typewriter is used as a recorder.

Another weakness of the type-
writer system is that an inex-
perienced or unskilled operator
must look at the keys of the
transmitting machine. Thus he may, un-
knowingly, transmit the wrong letter. If he
does not check his own tape after the mes-
sage has been sent, he may not know that
he made an error. On the other hand, cus-
tomary practice with facsimile is to type
the message completely, and then to read
it to check mistakes, before it is fed into
the transmitting scanner.

The new Alden system by-passes a lot
of problems. To get an insight into how it
works, let’s take a specific application.
Suppose the facsimile units are used for
railroad dispatching. Figs. 1 and 2 show
the recorder mounted in a locomotive cab,
with the transmitting scanner in a signal
tower. Detailed views of the two units are
shown in Figs. 3 and 4, respectively.

In the signal tower, the message is first
typed out on any typewriter. Even a port-
able typewriter would do, and in emer-
gencies handwriting might be used. Goo«l
clear typing is preferred, of course, because
the typewritten message takes less space

and can, therefore, be transmitted in less
time.

The paper on which the message is
typed might be a standard form, orit could
be ordinary 214-in. adding machine paper.
This will accommodate five words to the
line. Usual practice is to use all capital
letters. At the end of the message, whether
it is 5 or 50 lines long, the paper tape is
torn off. Then the operator simply puts the
starting edge of the paper on the table of
the scanner, Fig. $. and presses the lever
at the right.

The scanner takes over from there. It
pulls in the copy, scans it until it sees the
end of the message. then stops, resets. and
ejects the original copy.

Simultaneously. pressing the starting
lever on the scanner flashes a radio signal
to the recorder. As you will see from Fig.
10, the size of the original typing, shown
at the left is enlarged 114 times when it
appears at the recorder, as shown at the
right. This illustration is an actual-size
reproduction of original copy and its re-
production at the receiving end. When the
message has been transmitted, the re-
corder motor stops. Certainly nothing
could be easier than this.

Suminarizing this 4-in. dispatch systemn,
as compared to the tape system:

We have done away with the need for a
Varityper or special typewriter by taking
the letter of standard typewriter size and
recording it enlarged 112 times.

The width of the lines that make up the
letters of typewriter tyvpe are about 20
thousandths of an inch wide. When they
are enlarged 113 times, they measure
about 30 thousandths. Thus, the auto-
matic enlargement produces, in effect,
bold face type which can be read at a dis-
tance of 4 to 6 ft. by a locomotive engineer
of bifocal age (over 50) without his bifo-
cals, by a policeman in his prowl car, or by
a doughboy in his tank at distances from
4 to G ft.

F1G. 4. DETAILED VIEW OF THE SCANNER USED FOR FACSIMILE TRANSMISSION

August 1945 — formerly FM Rapio-ELEcTRONICS
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Incidentally, automatic facsimile en-
largement can be 4 or more times, so that
our 18-in. recorder makes an excellent
automatic remote bulletin board.

This is but one of the varied require-
ments that may be missed if we christen
this new baby a ““Facsimile Dispatch and
Report System.” It was initiated to fill
a variety of requirements, upon which we
will elaborate and your imagination un-
doubtedly suggest many more.

The system is not limited to a type-
written message. It transmits, with equal

FIG. 7. FACSIMILE IS IDEAL FOR AIRCRAFT
COMMUNICATIONS AND INSTRUCTIONS
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facility, handwritten messages, sketches,
drawings, maps, or whatever will best
communicate your idea to the person at
the other end.

Being able to sketch directions would be
a distinct advantage, for example, to a
tank commander who wishes to communi-

FIG. 6. LEFT, FACSIMILE MESSAGES CAN BE LEFT FOR PATROLS
ON REMOTE OPERATIONS AND, FIG. 6, FOR TAXICAB DRIVERS

military problems will soon occupy little
of our thinking except that our country be
well prepared with the best equipment.
Nearly all war dispatch problems, how-
ever, have their civilian counterpart. Thus
owners of trucks, tugboats, police cars,
and taxis can benefit by not having their

FIG. 8. SEVERAL TICKETS CAN BE SCANNED IN A TRANSPARENT FOLDER

cate with his platoon leader. The platoon
leader would presumably use voice to con-
tact his own tanks, his commander, or the
infantry with whom he is working, but the
replies of the commanding officer could be
at the latter’s option, either by voice or
facsimile. Facsimile would have the ad-
vantages of secrecy and ability to indicate
terrain, etc., while at the same time pre-
venting the enemy from determining the
number of tank platoons under any
commander.

With the war over, we all hope that

message received readily by competitors
or criminals. Facsimile is more secret than
voice systems. Moreover directions accom-
panied by sketches and names increase the
efficiency of any kind of dispatching.

Applications of Facsimile * ‘I'e accompanying
illustrations indicate some of the great
number of uses for this equipment. I’lans
are being worked out right now by muni-
cipal and state police officials for the test-
ing of prototype facsimile in conjunction
with their present FM communications

FM Axp TELEVISION



FIG. 9. ABOVE, RAILROAD STATIONS CAN BE TIED INTO RADIO
FACSIMILE SYSTEMS. FIG. 11, RIGHT, THE RECORDER IS SMALL
ENOUGH TO FIT ON TRUCK OR PATROL CAR DASHBOARDS

systems. The method of using facsimile
will vary in accordance with local require-
ments.

In some cases, recorders will be instailed
in police cars, so that messages from head-
quarters will be recorded, thus eliminating
the chance of mistakes under conditions
of noise which compete with aural recep-
tion.

Electric light and street car companies
are using 2-way FM to route their emer-
gency repair trucks. This has proved so
successful that this service has been ex-
tended greatly, even during the war. It
has one disadvantage, however. If the
men have to work at some distance from
the truck, they may fail to hear an emer-
gency call. With a facsimile recorder
mounted on the truck, it will be necessary
only to glance at the tape at frequent in-

GO AHEAD

tervals. Then messages can not be missed
and there is no need of repeated calls.

Similarly, facsimile will be valuable to
fire departments. The one serious difficulty
encountered in using 2-way FM for com-
munications with fire trucksis the ambient
noise hoth enroute and at the scene of a
fire. Moreover, facsimile overcomes the
objection to radio voice communication
that has been voiced by fire chiefs,
namely, that it does not provide a record
for subsequent reference.

Prototype equipment has been so de-
signed that it can be readily tested with
existing sets.

"This facsimile equipment can be readily
installed by railroads and airlines. Record-
ers can be designed to provide duplicate
copies of all messages received, with the
duplicate rolling off into a locked com-

CLEVELAND TOWER

ANSWERING NC ONE, FOUR,

ONE, FIVE, SEVEN. FIELD ANSWERING
ZERO. CEILING ONE THOU-

SAND FEET. VISIBILITY ONE, FIVE,
FOUR MILES. ALTIMETER

ELEVATION

FIG. 10. AN ORIGINAL TYPEWRITTEN MESSAGE, ACTUAL

SIZE, IS SHOWN ABOVE. AT THE RIGHT, THE FACSIMILE
RECEPTION, 50% ENLARGED, IS REPRODUCED TO SHOW
HOW EASILY MESSAGES CAN BE READ

August 1945 — formerly F M Rapro-ELEcTRONICS

partment. It will not have the clarity of
the original, but the messages will be suf-
ficiently legible to prove that the original
was received.

Because the recorder is so small in size,
it can be mounted in a locomotive where
the engineer can see it, or on an airplane
instrument board between the pilot and
co-pilot. On very large planes, messages
can be received simultancously on two or
more recorders at different locations and,
with scanners added, the facsimile equip-
ment can be used for recorded inter-
communication.

At remote points on Central or South
American plantations or mining proper-
ties, or at forestry and pipe line stations
visited only at irregular intervals, FM
receivers could be left in continuous opera-
tion so that messages could be received at

GO AHEAD
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11. FADING WHICH WOULD DROP OUT AN ENTIRE WORD ON TAPE RECORDING RE-
MOVED ONLY A THIN SLICE FROM EACH LETTER OF THE MESSAGE ABOVE ™
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FOUR. NOWER ON FIELD.
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FIG. 12. STATIC THAT WOULD OBLITERATE AN ENTIRE WORD ON TAPE RECORDING
MERELY CAUSED A THIN BLACK LINE TO APPEAR ACROSS THE MESSAGE ABOVE

any time, to be read upon arrival of the
next patrol.

Similarly, messages can be sent to dis-
patch points for taxis, trucks and buses.
A\ taxidriver, for example, returning to his
stand, might find instructions for two
calls. He would tear off the first address
and go for his fare, leaving the second for
the next car.

This recorder, arranged to reproduce in
1 to 1 ratio of size, is admirably adapted
to becoming the basic part of a chair-side
facsimile broadcast receiver in the home.
The design is such that conventional types
of cabinets, if moditied slightly, can ac-
commodate recorders, or the recorder can
be mounted separately and connected to
the radio set by a light cable.

In addition, there are many uses for
these instruments for business services.
Here is just one example: In railroad and
airport ticket offices, stubs of tickets can
be placed in a scanner and, almost in-
stantly, at a clearing center, the stub and
the information it contains will be repro-
duced. The ticket agent is then free to
serve the next customer. He loses no time
making a record of the ticket sold, or in
reporting the sale. The clearing center
would then have a voucher record with
complete information necessary for keep-
ing reservations up to date and for clearing
the accounting for each road over which
transportation is sold.

From this review of the applications for
simplified scanning and recording units,
you will see that we need a comprehen-
sive name that will indicate the scope of
possible uses, rather than the conventional
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name ‘“‘facsimile”. Suggestions on this
point will be very welcome.

Part 2, to appear in our September
issue, will disclose the mechanical features
of the Alden units, with both drawings and
detailed photographs.

In addition to the use of facsimile for vari-
ous communications Services, great im-
petus has been given to plans for providing
transmission for home reception by the fa-
vorable attitude of the FCC. It should be
noted that a 2-mc. band, 106 to 108 me., has
been asstgned to home facsimale. This is ad-
Jjacent to M broadcasting, and is within
the range of new FM receivers. If, as is ex-
pected, experimental tests on duplex FM
and facsimile prove successful in practice,
any FM station will be permitied to transmit
sound and facsimile simultaneously from
the same transmitter and on the same fre-
quency. Then, in all probability, the 2-me.
Sacsimile band will be given over to FM
broadcasting.

VIBRATING-REED METERS
(CONTINUED FROM PAGE 31)

cians. One important reason for this was
the necessity of band spread in the fre-
quency ranges being used. A frequency
range such as 360 to 430 cycles covers an
arc of 4 ins. on the scale, while 48 to 62
cycles is spread over 8 ins. A special oscil-
lator built for low-frequency work covers
the range of 15 to 62 cycles in 5 ranges,
with the arc used between 15 and 19 cycles
being 14 ins. long.

Where frequencies of reeds are to be the
same as available standard frequencies,
oscillators are not needed. The reed is
placed in a calibrating jig operating from
the booster amplifier and the reed tuned
until full amplitude is attained. The
photograph in Fig. 5 illustrates the sim-
plicity of the method. With frequencies
outside the range of the tuning forks, the
special oscillators are used and no matter
what the frequency, the stroboscopic
light provides the means of standardiz-
ing. Fig. 6 shows a typical setup for
checking meters in the inspection depart-
ment. The special oscillator is located
next to the rack which contains other
equipment for operating the meter under
test; and the booster amplifier operates
the frequency meters for standardizing.

Many different models of frequency
meters have been developed by J-B-T
during the past few years. Some are
shown in Fig. 7. The original models, and
as yet the most widely used, are the round
3V%-in. flush panel mounting type, known
as the 30-F and 30-FX series. These are
furnished in metal and bakelite cases re-
spectively, the latter meeting JAN-I-6
specifications for mounting and stud size
of electrical indicating instruments. A
truly miniature frequency meter is found
in the 2Y%-in. flush-panel mounting
21-FX, which meets the same specifica-
tion for depth as well as other dimensions.

Other special meters include square-
case models, known as the 30-FS series.
These were developed to accommodate
those wishing to match other square-case
panel instruments. A different type of in-
dication from any obtained with the above
models is found in the 32-F type. In this
model, the reeds are arranged vertically
one above the other and vibrate horizon-
tally. With the highest frequency on top,
the level of indication is proportional to
the frequency, and easier reading results.
A larger meter is found in the 50-FX
series, built in a round bakelite case for
front-of-panel mounting, with diameter
of 434 ins. and extending outward 134 ins.

Some of the applications of vibrating-
reed frequency meters which will illustrate
their wide use at this time, and perhaps
serve to stimulate ideas for other applica-
tions are:

Aircraft inverter systems, both for
planes and test units; motor generator
sets used by the Armed Forces for com-
munications and anti-aircraft systems;
emergency standby power units for trans-
mitters at aircraft landing fields, public
utility stations, etc.; Weather Bureau
equipment vibrator testing; geophysical
applications, such as well-drilling; astro-
nomical observatories; filim speed in
frames per second; broadcast deviation
meters; oscillator standardization; and
checking and tuning filters.

FM anp TeLevisioN



ON HILL 609, WHERE GERMANS MADE THEIR LAST MAJOR STAND BEFORE TUNIS,
AN FM RELAY STATION WAS SET UP A FEW DAYS AFTER THE FIGHTING ENDED

FM RELAY EXPERIENCE IN NORTH AFRICA

Lessons Learned in Africa Were Applied to Improving Equipment for European Invasion

HE introduction of the tank, truck,

armored car and other relatively high
speed cargo and combat vehicles during
the current war has forced new develop-
ments in many branches of military sci-
ence. One of the outstanding innovations
in signal work has been the introduction
of ultra-high frequency radio in rear eche-
lon communications, that is. between the
headquarters of divisions and higher units.
Many of these, heretofore slow moving
organizations, now travel at the unprece-
dented speeds of 25 miles a day. These
groups need, because of their rapid changes
on location, several telephone and teletype
circuits to each unit on either flank and to
the units next higher and next lower in
command. In some situations, these cir-
cuits are 450 miles long. One method
found particularly effective in this type of
work has been the use of FM communica-
tions equipment, with FM relay stations
where long distances could not be covered
by direct transmission.

Ultra-high frequency FM relays have
been found capable of providing systems
of considerable length with signal-to-noise
ratios equal to or better than wire lines
furnishing similar facilities. AM equip-
ment on 2 to 18 mec. cannot provide cir-
cuits of comparable quality and reliability.

In fast moving military situations, radio

* 138 Lexington Ave., Fair Haven, N. J.

BY RUSSELL A. BERG*

systems can he installed alnost as quickly
as a modern army can travel. In the post-
war commercial field such installations
may have application in opening new
country, in new systems in undeveloped
country, and for connecting large con-
struction jobs in isolated areas to the
nearest installed wire lines. Also, there
will be a large ficld of application in emerg-
encies when wire lines are down due to
floods or hurricanes.

Radio has several advantages over wire
lines which are particularly important in
military applications. The conservative
range of UHF radio stations with 40-ft.
antennas is 25 miles over most terrain.
The weight and volume of FM radio
equipment is about }{, that of wire equip-
ment which provides the same facilities
when the wire is laid on the ground. Pole
construction, which is far more satisfac-
tory, is much slower to install and heavier.
In hilly or mountainous terrain, the range
of the FM stations can be increased, so
that in this kind of country the advantage
of radio goes up while the difficulty of wire
installation generally increases. Radio can
be used across water, gorges, and swamps
where the employment of wire is difficult
or impossible.

From a gua~ding and protection stand-
point, radio stations, by their very nature,
ohserve the fundamental military princi-
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ple of concentration of forces, whereas the
personnel guarding wire circuits must be
strung over the whole of the wire systemn.
On radio installations, the trouble shoot-
ing and maintenance personnel are always
at the terminal and relay stations where
the failures occur. The time of installation
of a radio relay system is the time required
to carry the equipment to the site plus the
antenna installation time. A 500-mile
radio circuit, for example, can be installed
in 2 days in country where good roads
cxist. Facilities, however, must be avail-
able to feed personnel and supply gasoline
for engine-driven generators. The main
disadvantage of radio is the lack of security
from interception by the enemy. Also wire
circuits are not completely secure.

One of the first radio relay systems in-
stalled by the U. S. Army was in North
Africa, during the fighting in Tunisia,
near Hill 609. This system was improvised
from commercial 250-watt police radio
transmitters and receivers, modified in a
number of ways so that, with tone equip-
ment and other accessories, either one
voice or one simnplex teletype circuit was
available. This system furnished a circuit
between the forces fighting for Tunis and
headquarters in Algiers. While it provided
only one channel, less than the minimum
necessary, it furnished communications
at a time when every circuit counted.
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In basic principles of operation, this
relay system followed the relaying part of
the Pennsylvania Turnpike system.

The Turnpike setup, however, provided
communications all along the length of the
system. The system in Africa was only for
end-to-end transmission. No traffic, except
messages relating to the operation of the
system, were handled between relay sta-
tions and the terminals, or other relay
stations.

The particular way in which the relay
transmitters and receivers at the relay sta-
tions were employed, however, was identi-
cal in principle to their employment in the
Turnpike installation. Each relay station
receiver in the system was equipped with a
carrier-operated relay which was activated
by the receiver squelch system when a
carrier was received. Each of these relays
performed two functions. It disabled the
other receiver at the relay station by dis-
connecting the plate voltage and it started
time delay circuits which, after about two
seconds delay, turned on the transmitter
plate voltage. The reason for the time
delay is discussed below.

The audio outputs of the receivers were
connected in parallel and to the input of
the transmitter. It was found desirable to
operate the terminal station receivers con-
tinuously, employing the carrier-operated
relays in them to send “marking” signals
to teletype machines.

Referring to Fig. 1. in transmitting
from .\ to H, A sent to B, C to D, E to
F, G to H. and receivers L, J and K were
disabled. When the direction of trans-
mission was reversed, I sent to J, G to K,
E to L, and C to M and receivers B, D and
F were disabled. Thus the transmitters
sent in both directions but the respective
relay receivers operated only in one direc-
tion. This arrangement, with all its 1elays
and other features, was not as simple as a
duplex set up, which uses a line of trans-
mitters and receivers in each direction.
However, lack of transmitters and other

MOBILE FM TERMINAL STATION IN TRUCK COULD MOVE
QUICKLY TO NEW LOCATION AS BATTLE LINES CHANGED
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considerations dictated the simplex ar-
rangement in N. Africa.

A number of difficulties were experi-
enced with this circuit arrangement. Only
four frequencies were supplied in the
original shipment. When the circuit length
required more than four stations, some of
the frequencies had to be repeated. Occa-
sionally, when the ionosphere conditions
provided paths 200 to 300 miles, the 30-

This led to “singing.” In the African in-
stallation, the time delay was incorporated
in the transmitters. The same effect would
have been obtained whether the delay was
in the transmitters or receivers. For ex-
ample, in transmitting from A to I, when
A was shut down, B lost its signal. The
carrier-operated relay in B was then re-
leased, turning off C's plate voltage and
making L capable of receiving signals.
/

A / c
TRANS TRANS

l !

;

:

F1G. 1. THE OPERATING CIRCUIT FOR TRANSMISSION FROM TERMINAL “A’ TO “H”’

to 45-me. signals would jump over two
stations to the third and cause the system
to jam.

To illustrate, assume that A and I were
on the same frequency. 1 transmitted to
B; this started C transmitting back to-
ward D and E. Meanwhile, G would start
because signals would be received by J.
I, F and K would be disabled and the cir-
cuit would jam. It is probable that the
higher frequencies (110 to 117 mec.) em-
ployed on the Pennsylvania Turnpike
eliminate this difficulty. In addition, time
delay circuits which were mentioned in
the previous paragraph must be incorpo-
rated in each relay station transmitter or
receiver so that, when communications
were stopped to reverse the direction of
transmission, the receivers which were
disabled would not start up before the
next transmitter in the circuit stopped,

Receiver L picked up E. If there were no
time delay, this would turn C's plate
voltage on again and a ‘“‘singing” loop
around C, D, E, L and C would be estab-
lished.

"This was avoided by making each trans-
mitter slow in starting to transmit after
the carrier-operated relay of the receiver
was activated by the incoming signal. C
actually began to start, but C did not get
on the air before E went off. When E
went off, C's time delay was reset.

A third difficulty was encountered when
harmonics of some high-powered, low-
frequency transmitter were picked up by
one of the receivers in the middle of the
system, such as at K. This would start
transmitter E which would be picked up
by F; this would in turn start G. Signals
from G would be quite strong and they
would capture K from the offending har-

POWER SUPPLY FOR A MOBILE FM STATION WAS CARRIED tN A
LIGHT TRAILER, AND HAULED BEHIND RADIO TRUCK

FM axp TELEvIsiION



monic. This would establish a singing
loop around K, E, F, G and back to K.
Also, since D and J were disabled, no
communications could go through. The
first and third difficulty were inherent,
and caused a number of system outages.
The second was cleared by the installation
of the time delays.

N. Africa is fairly mountainous with
snow-covered, inaccessible Djebel Ta

the stations were in thunder storm clouds.
Apparently, the clouds discharged con-
tinuously to the earth through the sharp-
est point, namely, the antenna. Under
these conditions the noise rose to such
high levels that communications were im-
possible. A distinction must be made be-
tween that type of interference and light-
ning from local thunder storms, because
the latter did not bother operation. Only

A
TRANS

<2

/ radns

FIG. 2, THE SECOND SET OF RECEIVERS WAS USED FOR TRANSMISSION FROM 1> TO */M™

Babor, the highest peak, about 6,500 ft.
The stations were located on various
accessible peaks at heights of approxi-
mately: 600, 4,900, 3,600, 3,900 and 2,000
ft. respectively. This does not include the
Tunis Terminal which was in a truck, and
moved with the headquarters. Later,
several trucks at different headquarters
shared time on the circuit. No trouble was
experienced in communicating up to 50
miles to the trucks. With these elevations,
the longest path was about 115 miles. It
was possible to receive useable signals
over this path with the final amplifier plate
voltage turned off during neutralizing ad-
justments. Needless to say, communica-
tions with the 250-watt amplifier were
solid, with the exception noted below.
The only climatic difficulty which af-
fected propagation was experienced when

COMPLETE FM RELAY STATION, READY TO DEPART FOR A NEW
POINT OF INSTALLATION NEAR THE AFRICAN FRONT

actual contact between the antenna and
the storm clouds caused interruptions.
This was probably the precipitation
static phenomenon described by H. M.
Hucke.! Except for this type of interrup-
tion, no outages were experienced which
were the results of climatic propagation
conditions. A parallel wire systemn experi-
enced outages in these storms also. In
general, however, it was found that the
atmospheric conditions in the Mediter-
ranean area were extremely stable and
there was no perceptible fading due to
refraction or tropospheric changes.
Because relay systems, particularly
carrier-operated types such as are de-
scribed in this article, may be interfered

1 Proceedings of the I.R.E., May, 1939, “Precipita-
tion-Static Interference on Aircraft and at Ground
Stations’*
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with by other services, and because these
systems generally employ unusually strong
signals, the squelch adjustments should be
designed te have more range than is com-
mon in other types of FM equipment.
In most police sets, the squelch adjust-
ment, when set for minimum sensitivity,
will not stay closed on signals higher than
10 microvolts. Sets for relay services
should have squelchs adjustable over a
range of at least from minimum useable
signals to 100 microvolts,

The abuse experienced by the equip-
ment in the Tunisian campaign was severe.
The popular conception of Africa is jungle
and desert, hot and either extremely hu-
mid or extremely dry. Actually, this is not
true of the northern part of French North-
west Africa. Northern parts of Algeria and
Tunisia are in the same latitude as Vir-
ginia. In the mountains, the weather is
quite severe. At one site, the transmitter
stood in 6 ins. of water when a thunder
squall came up before the site was fully
developed! During preliminary tests,
shut-downs occurred when snow caused
the high voltage rectifiers to flash over.
There were heavy mists and the stations
were in the clouds large parts of the day
and night. During shipment from the
U.S.A., the frames of most of the receivers
were broken, and two of the transmitter
racks were bent out of shape quite badly.
In spite of such rough treatment, this
equipment, which was designed to sit in
attics of the city halls where it would be
the pride and joy of the city fathers, never-
theless provided many hours of service.
Replacements were made on the brute
force method, namely, by putting in resist-
ors of the next larger size until they didn’t
burn out.

The personnel who were in charge of
this installation were basically radio en-
gineers, with no experience on teletype
machine techniques, or tone equipment.

(CONCLUDED ON PAGE 87)

TYPICAL SEMI-FIXED FM TERMINAL STATION, SHOWING THE
TELETYPE EQUIPMENT. MOBILITY WAS A GREAT ADVANTAGE



SPOT NEWS NOTES

A Great Opportunity: As the first Chairman of
the FCC during the New Era of Peace,
Paul A. Porter has an opportunity to im-
plement the application of wartime radio
developments to new public services that
will win for him the respect, admiration,
and support of the entire industry.

2-Band FM: John Meck Industries has an-
nounced that they will equip their FM-
AM receivers with 2 FM bands, as recom-
mended last month by the FM licensees.
Stromberg-Carlson has withdrawn their
objection to providing 2 FM bands in their
new models. Only other expression of dis-
approval came from Motorola.

Commissioner William H. Wills: FCC Commis-
sioner Norman S. Case, whose term”ex-
pired June 30th, has been succeeded by
William H. Wills, ex-governor of Vermont,
sworn into office on July 23rd. Coming
from Bennington, Vt., a scction where FM
is delivering acceptable radio service for
the first time since the inception of broad-
casting, he may prove to be one of the
staunchest supporters of FM for rural
service. Miss “Min”’ Sparks, who served
Mr. Case during his term as Commissioner,
will be administrative assistant to Com-
missioner Wills.

New Dry Cells: RCA is now producing a line
of dry batteries for distribution through
their tube and parts jobbers and radio
dealers. The “preferred type” plan will be
applied to keeping the variety of shapes
and sizes at a minimum,

Merger: Utah Radio Products Company
and Universal Cooler Corporation have
been merged into the International Detrola
Corporation, of which C. Russell Feld-
mann is president and board chairman.
Among Utah’s subsidiaries is the Caswell-
Runyan Company, manufacturer of radio
cabinets. Detrola headquarters are in
Detroit.

Norman Wundeslich: The former sales man-
ager of Motorola’s emergency and com-
munications equipment division has joined
Federal Telephone and Radio Corporation
as executive sales director of radio equip-
ment. In this capacity, he will be responsi-
ble for the sale of all Federal radio equip-
ment and associated products.

Indianapolis: Electronic Laboratories, Inc.
has announced the election of Norman R.
Kevers, former president, to board chair-
manship; William W. Garstang, former
vice president and general manager, has

been eclected president. Salesmanager
Walter E. Peak, chief engineer Paul H.
Frye, and works production manager Harry
C. May have been elected vice presidents.

Conway Peyton Coe: Ias been elected vice
president in charge of RCA Laboratories
patent department. He was U. S. Commis-
sioner of Patents from 1933 until his
resignation on June 15th of this year.

Radio Relay: A GE-IBM radio relay is
planned for service between Los Angeles
and San Francisco, to carry FM and tele-
vision programs, facsimile, and radiotype
circuits in both directions.

Star Witness: At the FCC FM regulations
hearing was former chairman James Law-
rence Fly, whose testimony, and manner
of presenting it, kept leading broadcasting
executives in Washington for an extra day.
Concerning FCC and CBS plans limiting
FM to single-market coverage, he said:
“Now, the public interest, I would submit,
is that of the listeners, and they are the
forgotten men and women in the various
presentations that were made to the Com-
mission yesterday. . . . In other words,
it (single-market plan) is devoted to pay
dirt territory, and none of the brochures
and none of the testimony on this plan
gave one moment’s attention to the Coun-
try’s greatest need, and at no point do I
find the public needs discussed. . . . Here
the Commission recognizes a need for
rural service, but it has seemingly failed to
authorize the means which would make
that service possible. Indeed, it suggests
adding plant investment for the purpose
of avoiding service. . . . I am warning
merely against CBS, or the Commission’s
own staff, or anyone coming in with a map
and saying, ‘This is how it is going to be.’
because we all know, as a matter of fact
it ain’t going lo be that way! . . . I am not
happy with the single-market plan in any
area, Mr. Chairman. . .. I think the
idea of having a large number of whistle-
stop stations is a very good one. I do
think, though, that it might be well to
consider giving them a little greater cov-
erage, let them cover a county, lel them
put it in the county seat and let them
cover a county.”

Promotion Needed: Another survey of post-
war purchase plans, this one by the Office
of Civilian Requirements and the Bureau
of the Census, shows the effect of satura-
tion in the market for AM radios. Pub-
lished figures show that planned pur-
chases of refrigerators exceed annual pre-

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

war production by 170%; of washing ma-
chines by 609,; of electric irons by 1.
But planned purchases of radio sets are
649, below annual prewar production!
These figures, which check closely with
other surveys made in the past year, indi-
cate clearly that the radio industry must
offset the lack of interest in buying new
AM radios by capitalizing on the superior .
service of FM. This is the only feature
which, by demonstrable performance, can
carmark prewar sets as dcfinitely obsolete.

Frank W. Walker: Radio engineer for the
Michigan State Police and president of
Associated Police Communications Offi-
cers, has resigned both posts to become
chief communications engineer of the Grey-
hound Corporation. This announcement is
of special significance, for it indicates the
extent to which the largest bus transpor-
tation company plans to make use of
highway radio. Frank Walker will be suc-
cceded as APCO president by Ray Groe-
nier, police radio supervisor at Madison,
Wise.

Westbrook Pegler: ““Radio apparatus of the
more elaborate sets is no more efficient
than the same device in the cheap editions,
which is a manner of saying that most of
them, whatever the price, are capricious
and not dependable. After all these years
they still crackle with static, and cross-
talk blurs reception.” Lots of others still
think the same way. If FMBI should
undertake to bring Columnist Pegler up to
date, and to acquaint like-minded people
in and out of the radio industry with the
service that can be rendered by FM, it
would be doing a highly useful and
constructive job.

RTPB: Officers elected for the term from
October 1, 1945 to September 30, 1946 are:
chairman, Haraden Pratt, Mackay Radio
& Tel Co., 67 Broad Street, N. Y. C.; vice
chairman, Howard S. Frazier, NAB, 1760
N Street, N. W., Washington, D. C.; treas-
urer, Will Baltin, TBA, 500 Fifth Avenue,
N.Y.C.;secretary, Dr. W. H. Crew, IRE,
330 W. 42 Street, N. Y. C.

Daniel E. Noble: Director of research for
Galvin Mfg. Corporation, has been given
added responsibility as general manager of
the communications and electronics divi-
sion. In this new capacity, he will have
direct authority over engineering, sales,
and engineering production of the division.

W.G. H. Finch: Has been advanced from the
(CONTINUED ON PAGE 79)
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NEWS PICTURE

NEW television antenna and a 5-kw.
transmitter. designed 1o operate on
288 me.. are being installed at New York's

Lugust 1945 - formerly M Ranie

Empire State Building. The transmitter,
first of its kind ever put in operation, was
built at the RCA Princeton laboratories
New Jersey.

Tests to he condueted Hy RO in von
Junction with NBC. will show what prob
lems lie ahead in the use of the higher

LLECTRONICS

UNIQUE AMONG RADIO
TIONS IS THAT AT THE EMPIRE STATE
BUILDING WHERE,
THE STREET, THE TOWER NOW CAR-
RIES ANTENNAS FOR ONE FM AND
TWO TELEVISION TRANSMITTERS

INSTALLA-

1,250 FT. ABOVE

channels assigned to television recently by

he FCC. During the construction work,
FM broadeasting has been continued on
regular schedule. After the building was
struck by an Army bomber on July 28th
RCA engineers reported that no dansage
was done 1o Their equipment
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Ghapter T: Gontinuation of FM Receivers — FM Detectors, Audio Systems, and Special Receiver Gircuits

N THE preceding chapter, it was shown
I that a conventional triode AM detector
can be made to respond to FM signals by
detuning the tuned input circuit slightly,
so that operation occurs on the steep and
nearly linear portion of the selectivity
curve of the input circuit, either above or
helow the resonant frequency. The prin-
ciple involved is that as the frequency of
the FM signal swings toward the resonant
frequency of the tuned circuit, the cur-
rent in the tuned circuit and the voltage
across the tuning condenser increases,
and as the frequency of the FM signal
swings away from the resonant frequency
of the tuned circuit, the current in the
tuned circuit and the voltage across the
tuning condenser decreases. In this way
the selectivity characteristic of the tuned
circuit serves to translate the frequency
variations of the FM signal into amplitude
variations of the voltage across the tuning
condenser, so that the detector responds
to the FM signal.

It was pointed out, however, that the
detuned AM triode detector would not be
suitable for use in a high fidelity FM re-
ceiver because 1) it is incapable of han-
dling strong signal voltages without in-
troducing distortion, 2) the detuning ad-
justment, for operation at the mid-point
of the most nearly linear portion of the
selectivity characteristic, is quite critical.
and 3) even at the optimum detuning ad-
justment, there is some departure from
true linearity in the detector output,
causing harmonic distortion. This distor-
tion would be particularly severe on
strongly modulated FM signals, where the
frequency swings over a wide range.

The problem of overloading encoun-
tered with triode detectors can be obviated
by using a diode detector. In so doing, the
advantage of obtaining amplification in
the detector is lost, but the amplification
can be readily made up in the stages pre-
ceding and following the detector. By
using a detector which has the property of
rectification only, a much higher order of
signal voltages can be handled without
introducing distortion.  Practically all
modern FM broadcast receivers employ
diode detectors.

The problem of critical detuning adjust-
ment, and the problem of distortion re-
sulting from operation at the curved
portions of the characteristic arise from
the fact that the characteristic is practi-
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cally linear over only a narrow range of
frequencies. The solution to these prob-
lems would seem to lie either in 1) usiug
a system of coupled tuned circnits in the
detector that will give an overall charac-
teristic that is approximately linear over a
much wider frequency range, or 2) devis-
ing a systemn of FM detection which does
not depend in any way upon the selectiv-
ity characteristics of tuned circuits.

FROM
LIMITER

FIG. 59. DETUNED-CIRCUIT TYPE OF DIS-
CRIMINATOR CIRCUIT

The solution which lends itself mnore
readily to FM receiver design is that in
which tuned circuits are coupled in such a
way as to give a straight-line characteris-
tic over a wide frequency range. Detectors
of this tvpe usually employ two diodes
arranged to deliver an output voltage
whose polarity depends upon whether the
applied frequency is higher or lower than
the mean frequency of the input tuned cir-
cuits, and whose amplitude depends on
the extent by which the applied frequency
differs from the mean frequency. Since
these detectors are able to discriminate
between frequencies above and below the
mean frequency of the coupled tuned cir-
cuits. they are called discriminators.

T'wo types of discriminator circuits have
been employed in receiver design, nainely
the detuned-circuit discriminator and the
center-tuned discriminator. Both of these
types were cinployed originally in AM re-
ceivers for automatic frequency control,
but since they can be adjusted to give an
overall characteristic having a uniform
slope over a relatively wide frequency
range, they are especially suited for use as
FM detectors.

De-tuned Circuit Discriminator * The circuit
diagram of the detuncd-circuit diserimina-
tor, or amplitude discriminator, is shown

in Fig. 59. The limiter output circuit L.C
is tuned to the intermediate frequency
Fc¢ of the superheterodyne receiver. The
input circuit L,C, for diode detector D, is
inductively coupled to L.C but is resonant
to a frequency Fgr;, somewhat lower than
the intermediate frequency Fc of the FM
receiver. The input circuit L,C, for diode
detector Dy is also inductively coupled to
L.C but is resonant to a frequency Fg..
somewhat higher than the intermediate
frequency Fc¢ of the FM receiver. The

| coefficients of coupling of circuits [,;C,
| and L.C, to circuit LC are equal, and

each circuit is detuned from the resonant
frequency of L.C by the same amount.

If a signal current, modulated or un-
modulated, flows in the tuned circuit LC,
the expanding and contracting field about
L induces equal voltages in coils L, and
L., because of the equal degree of coupling.

When the signal is unmodulated and
has a frequency equal to the resonant fre-
quency of circuit LC, then the amplitude
of the RF currents in the detuned circuits
L:C: and 1.,C., set up by the induced
voltages, will be essentially equal and the
RF voltages established across the tuning
condensers C, and C,; will also be equal.
Thus, the DC voltages produced across
R.Cp; and R;Cp; by the diodes, which
are very nearly equal to the respective
amplitudes of the RF voltages across C,
and C,, will be essentially equal to each
other. As shown in Fig. 39, the diode
connections are such as to place the two
DC output voltages of the diodes in op-
posite polarity between the discriminator
output terminals A, B. Thus, zero net
voltage is produced across terminals A, I3
of the discriminator when it is excited by
an unmodulated signal at the resonant
frequency of the tuned circuit LC, that is,
at a frequency mid-way between the reso-
nant frequencies of tuned circuits 1.,C,
and L.C,.

When the signal is frequency-modu-
lated, its frequency is alternately increased
and decreased with respect to the average
or center frequency. If the center fre-
quency of the FM signal is equal to the
resonant frequency of LC, then, during
the period when the Instantancous fre-
quency of the FM signal is greater than its
center frequency, the RF voltage estab-
lished across the tuning condenser C; is
decreased because the frequency of the
voltage induced in ,Cy circuit is farther
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from the resonant frequency of that cir-
cuit. Conversely, when the instantaneous
frequency is less than the center fre-
quency, the RF voltage across C; is in-
creased, because the applied frequency is
nearer to the resonant frequency of L,C,.

This action is illustrated in Fig. 60.
Here the FM signal is shown at the lower
left and its frequency is shown as a func-
tion of time to the right of the signal. The
frequency curve is projected npwards
against the characteristic curve for the
RF voltage across condenser C;. Since the
DC voltage established across R,Cp; is
very nearly equal to the amplitude of the
RF voltage across C,, this curve also
represents the output voltage of diode D,
as a function of the input frequency. It is
observed that as the frequency of the in-
put signal is increased during the first
alternation of modulation, the frequency
of the voltage induced in L, is farther
from resonance and the DC output voltage
across RiCp; is decreased. In the second
alternation of the modulation, where the
instantaneous frequency of the voltage
induced in coil L, is nearer to the resonant
frequency of L,C, than the center fre-
quency, the DC output voltage across
R,Cp, is increased. The wave form of the
output voltage variation of diode D, is
shown at the upper right in Fig. 60.

Since the tuned circuit L.C, of diode D),
is resonant to a frequency Fgr. that is
higher than the center frequency F¢ of
the input signal, the selectivity curve for
the tuned circuit L,C; would occenpy a
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position to the right of the curve for tuned
circuit I,C, in Fig. 60. However, since the
characteristic being plotted is that of the

in the negative direction from the hori-
zontal axis to take into account the oppo-
site polarity of the DC output voltage of
diode 1),.

It is observed in Fig. 60 that in the case
of diode D.. an increase in the instantane-
ous frequency during modulation pro-
duces an increase in the magnitude of the
negative voltage developed across R,Cp,.
A\ decrease in the instantaneous frequency
during modulation produces a decreasc in
the magnitude of the negative voltage
across RyCp.. The variation of the output
voltage of diode D). during modulation is
shown at the right of the negative char-
acteristic curve for diode detector D,.

The output voltage of the discriminator
is the algebraic sum of the positive and
negative output voltages, respectively, of
diodes D, and D; from instant to instant.
The curve of the net discriminator output
voltage is shown in Fig. 60 between the
curves for the individual diode output
voltages. It is observed that the DC com-
ponents of the individual diode voltages
have been balanced out and that an audio
voltage is delivered by the discriminator
which has an amplitude roughly twice that
of the audio comnponents of the individual
diode output voltages.

The marked improvement in the qual-
ity of FM detection. obtained by combin-
ing the outputs of two detuned detectors
in pushpull in the manner described above.,
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DC output voltage of diode 1), rather than
the amplitude of the RF voltage across
tuning condenser C,. the curve is plotted

formerly FM Rapio-ELECTRONICS

is made evident by comparing the overall
characteristic of the discriminator with
the curves of the individual diode detee-
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uses RCA Fqujpment
<. from Microphone to Anfenna

WLOU, the FM Station of John L. Booth, Inc.,
Detroit, Michigan, uses RCA equipment through-
out. In the studios are RCA 77-C Microphones;
in the control room are a 76-B Consolette and
70-B Turntables; in the transmitter room are an
RCA FM-10-B Transmitter and RCA frequency
and modulation monitors. The antenna is an
RCA Type MI-7823-A assembly.

WLOU is a sister station of WJLB, the AM station

A

operated by John L. Booth, Inc. Itis interesting to
note that WJLB. like hundreds of other AM sta-
tions, is also completely RCA equipped. Operators
of both AM and FM stations—and station appli-
cants—can make reservations right now for early
delivery of RCA postwar broadcast equipment.
For information on our Broadcast Equipment
Priority Plan, write to Broadcast Equipment Sec-

tion, Radio Corporation of America, Camden, N. J.

IN CANADA, RCA VICTOR COMPANY LIMITED, MONTREAL

BUY WAR BONDS

RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION =+ CAMDEN, N. J.

Antenna of W LOU isan RCA Type MI-7823- 4. mounted

on the top of the laton Tower in downtown Detroit.

Theransmitterof WILOU s an RCA Tvpe FM-10.B (10 ki) Transminer.
Other RCA equipment includes frequency and modulation monitors.




tors, as shown in Fig. 61. llere the curves
for the individual detectors are the same
as those shown in Fig. 60, but the com-
posite characteristic has been plotted by
taking the algebraic sum of the positive
and negative diode voltages at each fre-
quency.

It is observed that the composite char-
acteristic for the discriminator is essen-
tially linear over a much wider frequency
range than either of the individual diode
detector characteristics. Thus the dis-
criminator can be made to deliver essen-
tially distortionless audio voltage on
strongly modulated FM signals and re-
quires only moderate care in tuning the
receiver,

As shown in Fig. 59, the primary circuit
LC should be loaded by means of shunt
resistance R so that the effective ratio of
reactance to resistance, or @, of the pri-
mary is about one-third of the ratio of the
resonant frequency of the primary circuit
to the maximum frequency deviation of
the signal to be detected. The @ of the
secondary circuits [,C; and L;C; should
be twice that of the primary circuits. The
diodes serve to load the secondary cir-
cuits. The secondary coils L,L, are so
placed that each has a coupling to the
primary coil L much greater than their
coupling to each other.

It is evident from Fig. 61 that the
linearity of the discriminator depends not
only upon the sharpness of the selectivity
curves of the tuned circuits, as deter-
mined by their respective @’s, but upon
the separation of the resonant frequencies
of the circuits as well.

The condition for best linearity is that
at which the resonant frequencies of the
tuned circnits L,C; and L,C; are separated
by 1.225 times the band width between
the half-power points (or 70.7%-voltage
points) on the curves of the tuned circuits.
The band width between half-power
points, in turn, is equal to the resonant
frequency of each circuit divided by its
Q. Fig. 61 illustrates the condition for
best linearity.

Center-Tuned Discriminator * The circuit of
the center-tuned or phase discriminator
is shown in Fig. 62. In this circuit only
two tuned circuits are employed and hoth
are resonant to the intermediate fre-
quency of the receiver. As will be ex-
plained presently, the signal voltage is
conveyed from the limiter output circuit
to the discriminator circuit by direct and
inductive coupling. The diode detectors
are connected in pushpull across the cen-
ter-tapped secondary coil. By careful ad-
justment of the tuning and coupling it is
possible to obtain the same overall char-
acteristic as is shown for the detuned-
circuit discriminator in Fig. 61.

The operation of the center-tuned dis-
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criminator depends upon the change that
occurs in the phase relations of the volt-
ages in the tuned circuits as the applied
signal frequency varies from the resonant
frequency of the tuned circuits during
modnulation. It is first necessary, therefore,
to consider the phase relations of the volt-
ages and currents in coupled tuned cir-
cuits for conditions of resonance and non-
resonance.

Consider the coupled tuned cireuits
E1Ci and LyC; at the upper left in Fig. 63.
If an RF voltage E, is present across [,C,.
the resulting current I, that flows in the
turns of coil Ly will lag voltage E, by
nearly 90°, since the reactance of coil 1,
very greatly exceeds its resistance.

This relationship is shown in the top
row of three vector diagrams in Fig. 63,
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FIG. 62. CENTER-TUNED TYPE OF DISCRIM-
INATOR CIRCUIT

representing, from left to right, the condi-
tions of operation at resonance, above
resonance, and below resonance. The vee-
tor for voltage E,; serves as a reference, and
is assigned the position representing 0°
in each of the three diagrams. The vector
representing current I, is 90° clockwise
from, or lagging, the applied voltage vee-
tor El-

The current I, in the turns of coil I,
creates a magnetic field about L, that
expands, collapses, and changes polarity
in phase with the increase, decrease, and
reversal of the RF current in coil L,. The
vector for current I; can, therefore, also be
regarded as representing the field abont
CO“ Ll.

The expanding and collapsing field
about L, sweeps the turns of L, and in-
duces therein a voltage E; proportional
at every instant to the rate at which the
lines of force of the field above L, are
cutting the turns of coil L,. When the
field about L, is changing most rapidly,
that is, when the current in coil L, is fall-
ing through zero, the voltage E; induced
in coil L; is at a peak. On the other hand,
at the instant when the field about I,
has reached a condition of maximum ex-
pansion and is about to contract, its
rate of change is zero and zero voltage is
induced in coil L.

Thus the voltage tnduced in coil L, is
90° out of phase with the inducing field and
inducing current I,. This is shown in the
top row of vector diagrams in Fig. 63,
where the vector for the induced voltage
E, appears at a position 90° clockwise
from, or lagging, the vector for the induc-
ing current I,.

It is very important to note that the
voltage Eas which appears across the
tuning condenser C; is not the induced
voltage E,. As shown in the diagram of
the equivalent circuit, the induced voltage
E, simply acts as a generator in series with
coil L and tuning condenser C,, causing a
current I, to flow in circuit L,C; which
establishes a reactive voltage drop Eag
across the tuning condenser C;. Since the
condenser C; offers a practically pure
capacitive reactance, the voltage Eap
across condenser C; will lag the current I,
by very nearly 90°, regardless of whether
the circuit is resonant or non-resonant to
the applied frequency.

At resonance, the reactances of L, and
C. cancel each other and the current I,
in the secondary circuit is in phase with
the induced voltage E,. This is shown in
the vector diagram for the resonant con-
dition which appears just to the right of
the tuned circuits at the top of Fig. 63.
It should be observed that the vector for
current I; coincides with that for induced
voltage E,. The reactive voltage E.p
across tuning condenser C; is 90° lagging
the current I,. As shown in the vector
diagram, at resonance the voltage Eap
across tuning condenser C; differs in
phase by 90° with respect to the reference
voltage E, applied across circuit L,,C,.

Consider next the phase relations which
exist when the applied frequency F, ex-
ceeds the resonant frequency Fr of the
tuned circuits. At the higher frequency,
the inductive reactance of L, exceeds the
capacitive reactance of C,, thereby caus-
ing the current I, in circuit L.C; to lag the
induced voltage E;. This is shown in the
center vector diagram at the top of Fig.
63. The vector for current I, lags the vec-
tor for the induced voltage E; by an acute
angle. The reactive voltage Eap across
tuning condenser C; lags eurrent I, by the
fixed angle of 90°. As a result, the voltage
Eap differs in phase from the reference ap-
plied voltage E; by less than 90°.

Conversely, when the applied frequency
Fa of voltage E, is less than the resonant
frequency Fr of circuits L,C, and L,C,.
current I; in circuit L,C; leads the induced
voltage E., as shown in the vector dia-
gram at the top right of Fig. 63. This
causes the voltage E.p across condenser
C; to differ in phase with respect to the
reference input voltage E, by more than
90°.

Consider next the voltages that will be
obtained when a center tap is placed on
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coil L, as shown in Fig. 63. Since the
voltage at terminal A with respect to ter-
minal B of the tuned circuit 1.,C, is shown
by vector Exn in the top row of vector
diagrams, then the voltage at terminal .\
with respect to the center-tap terminal Cis
shown by vector E of half the length in the
second row of vector diagrams. The angu-
lar position of vector Fac in the second

vector Eac, as shown in the second row of
vector diagrams.

As the next step, a condenser C¢ is
connected between the high potential
terminal of cirenit LiC; and the center-tap
terminal C of tuned circuit L,C,, as shown
at the left of the third row of vector dia-
grams in Fig. 63. At the same time, an
RF choke RFC is connected between

in the third row of vector diagrams is
drawn in the same position as vector E,
in the first row.

The final step in the evolution of the
discriminator circuit is the connection of
two diode detectors at terminals A, ), B,
The output circuits of the detectors are
connected in a pushpull as shown at the
‘lower left on Fig. 63.
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FIG. 63. EVOLUTION OF THE CENTER-TUNED DISCRIMINATOR CIRCUIT. STARTING WITH THE SIMPLE COUPLED TUNED CIRCUITS: TOP
LEFT: CIRCUIT ELEMENTS ARE PROGRESSIVELY ADDED UNTIL THE COMPLETE DISCRIMINATOR CIRCUIT IS OBTAINED. PHASE RELA-
TIONS OF VOLTAGES AND CURRENTS ARE SHOWN IN THE VECTOR DIAGRAMS TO THE RIGHT OF EACH CIRCUIT

row of vector diagrams is the same as that
of vector Fas in the top row.

The voltage of the center-tap termzual C
with respect to the lower terminal B or volt-
age Ecn could also be represented by a
vector in the position of vector Exc. How-
ever, the voltage of lower terminal B with
respect to center-tap terminal C, or voltage
Enc, is a voltage taken in the opposite
direction and must be represented by a
vector having the opposite polarity from
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center-tap terminal C and terminal D.
Terminal D is held at ground RF poten-
tial by condenser Cp;. The reactance of
RFC at the applied frequency is too high
to affect appreciably the tuning of circuit
1.C, across which it is shunted. The re-
actances of C¢ and Cp: are quite low at
the applied frequency. Thus the voltage
E, across L, also appears across RF choke
RFC, with practically no change in mag-
nitude or phase. Hence, the vector Ecp

formerly F.M Ranio-ELEcTRONICS

Diode D is connected to terminals A
and 1) so that the voltage applied to the
diode Dy is the sum of voltages Exc and
Ecp. The voltage applied to the lower
diode 1), is the sum of voltages Esc and
Ecp. since this diode is connected to
terminals B and D.

The sums of these respective pairs of
voltages are obtained vectorally by com-
pleting the parallellograms and drawing
in the diagonal resultants, as shown in the
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bottom row of vector diagrams in Fig. 63,

At resonance. where a 90° difference of
phase exists between the directly coupled
voltage Ecp and the reactive voltages Eac
and Egc, the resultant or sum vectors Eap
and Enn are of equal magnitude. At
resonance, therefore, the individual diode
output voltages Ep, and Epn; are equal.
and since they are added in opposite
polarity the net output voltage of the
diseriminator is zero.

When the applied frequency Fa exceeds
the resonant frequency Fgr. the vector
representing Eac: lies closer to the veetor
for Ecp than the vector for Enc. As a re-
sult, the sum veetor Eap has a greater
magnitude than the sum vector Enp.
Therefore diode Dy delivers a greater DC
voltage than diode D,. With the diode
DC output voltages adding in opposite
polarity. the net voltage delivered by the
discriminator is positive when the applied
frequeney exceeds the resonant frequency.

Conversely, when the applied frequency
is less than the resonant frequency. the
voltage Eac differs in phase from voltage
Ecp by more than 90°, while voltage Enn
differs in phase from voltage Ec by less
than 90°. As a result, the sum voltage Eun
has a greater magnitude than the sum
voltage Ean. as shown in the vector dia-
gram at the lower right of Fig. 63. Diode
D, delivers a greater DC voltage than
diode D and the net output voltage of the
discriminator is negative.

If the frequency of the applied signal is
alternately greater and less than the
resonant frequency of the discriminator,
the discriminator output voltage is alter-
nately positive and negative. This is the
case when an FM signal is tuned in, so
that the discriminator produces an audio
voltage having the same wave form as the
audio modulating voltage at the FM
transmitter.

Readers unfamiliar with vector dia-
grams will understand the operation of the
diseriminator by reference to the wave
diagrams shown in Fig. 64. The left hand
column of wave diagrams applies to the
condition of resonance. The voltage Ecp
at the center of the left hand column is the
limiter output voltage which is trans-
ferred to terminals C and D of choke RFC
in the discriminator cireuit of Fig. 63.

Sinee the tuned circuit 1,C;, Fig. 63, is
operating at resonance, the reactive volt-
ages Exc and Enc established across coil
L. will respectively lead and lag the
limiter output voltage Ecn by 90°. The
voltage waves of Exc and Epc are shown
immediately above and below the wave
of Ecp in Fig. 64. It is noted that the
three waves have the same frequency but
there are 90° phase displacements be-
tween them. When the wave of Eac is
added to that of E¢p from instant to in-
stant, the resultant is a wave Eap of
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greater amplitude than Eac, shown at the
top left in Fig. 6+. Similarly, Esc added
to Ecp vields a wave Enp of greater am-
plitude than Egpc. shown at the bottom
left in Fig. 6+. Since the two waves Enc
and Ecp added to Ecp are equally dis-
placed in phase from Ecp, equal rein-
forcements of E¢p are obtained from the
addition. The amplitude of the sum re-
sultant voltage Ean equals that of the
sum resultant voltage Egp. When these
voltages are applied to diodes Dy and D,
equal DC output voltages Eny and Ep,
are obtained. Since these diode output
voltages of equal magnitude are added in
opposite polarity. the discriminator out-

amplitude than Esp. diode D, delivers a
greater output voltage than diode D, and
the net discriminator output voltage is
positive.

Conversely, when the applied fre-
quency Fj is less than the resonant fre-
quency Fgr, the phase displacement be-
tween Esc and Ecp is greater than 90°,
while that between Egc and Ecp is less
than 90°. This condition is shown in the
right hand column of waves in Fig. 64.
Snc offers a greater reinforcement of Ecp
than Exc. so that Egp exceeds Ean. As a
result, diode Dy delivers a greater DC
voltage than diode )i and the discrimina-
tor output voltage is negative.
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FIG. 64. WAVE DIAGRAMS OF VOLTAGES IN THE CENTER-TUNED DISCRIMINATOR CIR-
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BOTTOM LEFT, FIG. 63

put is zero when the applied frequency Fa
equals the resonant frequency Fg.

The voltages for the condition of ap-
plied frequency Fa exceeding the reso-
nant frequeney Fr of the tuned circuits is
shown in the center column of waves in
Fig. 64. In this case, the voltage Eac
across the upper half of the tuned circuit
L.C. leads the directly coupled voltage
Ecn by less than 90°, while the voltage
Enc across the lower half of the tuned cir-
cuit [,C; lags the directly eoupled volt-
age Ecp by more than 90°.

When Eac is added to Ecp, the ampli-
tude of the sum voltage Eap is found to
be greater than the amplitude of the sum
voltage Enn. obtained when Fuc is
added to Ec¢p. This is to be expected,
since Eac is more nearly in phase with
Ecn than Egpe and, therefore, affords
greater reinforcement of Ecp than Esc.
Since the voltage Ean has a greater

During the reception of an FM signal
whose center frequency equals the reso-
nant frequency of the tuned circuits, the
discriminator output voltage changes po-
larity as the frequency alternately ex-
ceeds or is less than the center frequency.
The magnitude of the discriminator out-
put voltage should be proportional at
every instant to the frequency deviation
of the signal being received. By careful
circuit design and coupling adjustments,
the characteristic of the tuned-circuit dis-
eriminator can be made linear over a wide
frequency range, similar to the character-
istic of the detuned-circuit discriminator
shown in Fig. 61.

Counter-Circuit FM Delector # While the usc
of discriminator circuits, as described
above, presents a convenient and practi-
cal means for detecting FM signals of
relatively large frequency deviation with
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minimum distortion, there are a number
of other methods for detecting FM signals.

For example, it has been suggested pre-
viously in this chapter that a solution to
the problem of overcoming the inherent
non-linearity of tuned-circuit detectors
might lie in the use of a detection system
whose operation does not depend in any
way upon tuned circuits. The counter-
circuit shown in Fig. 65 is an FM detector
of this type. Because of its very low dis-
tortion, it has been employed in precision
FM monitors for checking FM modula-
tion systems.

The first tube in the cirenit shown in
Fig. 65 is a beam pentode, operating with
a low value of load resistance, Ry, ad-
justed to give plate-current saturation
when the excitation voltage is not quite
sufficient to draw grid current, The exci-
tation voltage has a center frequency in
the order of 100 to 300 ke. and its peak-
to-peak value is at least 209, greater than
the cut-off bias of the beam pentode. The
plate current of the pentode swings be-
tween cut-off and saturation level, as
determined by the pentode characteristic.
The pentode therefore squares off the
positive and negative peaks of the plate
current variation, and delivers a square
wave pulse of practically uniform amplitude
at the frequency of the excitation signal,
regardless of any amplitude fluctuations
that are present in the excitation signal.

The peak value of the output voltage
pulse of the pentode is equal to the plate
supply voltage, because there is zero drop
in resistor Ry, during the interval when
the plate current is cut off. During the
interval when the voltage pulse is maxi-
inum positive, condenser C therefore
charges through the low cathode-to-plate
resistance of diode D, to a voltage very
nearly equal to the plate supply voltage.
During the interval when the pentode
output voltage is minimum positive, the
charged condenser C cannot discharge
through diode D, because the cold plate
of diode D, does not emit electrons. Con-
denser C will discharge through the
cathode-to-plate path of diode D; and R,
to ground. The capacity of the condenser
C and the resistances of the charge and
discharge paths are so small that the con-
denser acquires a voltage of at least
99.99, of the plate supply voltage by the
end of the charge interval and discharges
to within 0.1% of the minimum voltage
at the pentode plate by the end of the
discharge interval. Since the condenser
voltage varies over a fixed range, the
number of electrons moved through re-
sistor Rq during each discharge period is
fixed. The number of electrons passed
through R, per second is directly propor-
tional to the number of discharge periods
per second, that is, to the frequency of
the excitation voltage at the grid of the

pentode. Thus. it is said that this type of
detector circuit counis the pulses and pro-
duces an average voltage across R, di-
rectly proportional to the inpnt fre-
quency.

If the input frequency increases and
decreases at an audio rate, then the volt-
age across R, will increase and decrease at
the same audio rate. The low-pass audio
filter smooths out the RF fluctuations in
the voltage across Ry and allows only the
DC and audio components of the voltage
across Ro to appear across the filter ter-
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FIG. 65. COUNTER CIRCUIT TYPE OF FM
DETECTOR

minating resistor R. It is important that
the filter be of the choke input type, so
that no residual voltage will be main-
tained across Rq. Such a voltage would
bias diode D); and prevent condenser C
from discharging completely on each cycle.
The linearity of this detector, when prop-
erly adjusted, is said to be excellent.
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FIG. 66. POSITION OF DE-EMPHASIS NET-
WORK IN FM RECEIVER

It will be noted that the input frequen-
cies at which this detector operates are of
a low order. This permits the detector to
deliver a larger audio voltage, since the
frequency deviation is then a larger per-
centage of the center frequency. More-
over, a relatively low order of input fre-
quencies is mandatory, since condenser C
must very nearly acquire its full charge
and must discharge to its residual voltage
level, each within the half-cycle periods of
the input voltage. The internal resistances
of the diodes limit the extent to which the
time constants of charge and discharge
can be shortened. In view of the low input
frequencies required, and other practical
considerations, the use of the counter
type of FM detector has been limited to
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special applications, such as checking the
performance of FM signal generators,
monitoring frequency-modulation sys-
tems in transmitters, and studying the
distortion produced by the tuned stages
in FM receivers.

De-emphasis Network * As explained in Chap-
ter 5, pre-emphasis can be introduced in
the modulation at the FM transmitter in
order to increase the amplitude of the
high-frequency components of the audio
modulating voltage. Such pre-emphasis
will cause the high-frequency components
of the audio voltage al the discriminator
output to be considerably stronger with
respect to high-frequency noise than if
pre-emphasis were not employed.

With pre-emphasis at the transmitter,
it is necessary to have de-emphasis at the
receiver for the purpose of bringing the
high frequencies down to the same pro-
portion with respect to the low frequen-
cies that exists at the studio microphone.
At the same time, the de-emphasis net-
work will reduce the high frequency noise
picked up by the receiver antenna or from
thermal agitation and shot effect to in-
audibility.

The circuit constants for the de-em-
phasis network at the receiver will depend
upon those of the pre-emphasis network
at the transmitter. Where a 75-micro-
second pre-emphasis characteristic is
introduced at the transmitter, as in FM
broadcasting, a 75-microsecond de-em-
phasis network should be connected be-
tween the discriminator and the audio
amplifier of the FM receiver, as shown in
Fig. 66.

The Audio System * The theory of operation
of the audio amplifier and loudspeaker
system of an FM broadcast receiver does
not differ from that of an AM receiver.
However, in view of the wider range of
audio frequencies to be handled, greater
care is required in the design of the am-
plifier. Not only should the amplifier give
a flat response over a range of 50 to 15,000
cycles but the distortion in the amplifier
must be of a very low order over the en-
tire frequency range.

If appreciable distortion is present,
cross-modulation will occur when two or
more audio frequencies are simultaneously
present at the input, creating additional
components at the sum and difference
frequencies in the output. Harmonics of
the input frequencies will also be gener-
ated. In view of the wider range of audio
frequencies reproduced in the FM system,
it 1s especially important that such unde-
sirable distortion be held to a minimum.

In view of the marked reduction of
noise obtained in the FM system, the
noise and hum level of the audio amplifier
must be very low. This permits the re-
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ceiver to deliver the dynamic range of the
program at the studio and thereby to con-
tribute to the realism of the reproduction.

No audio system is better than its loud-
speaker. The wide frequency range to be
reproduced by the loudspeaker system of
an FM receiver creates a difficult problem
in loudspeaker design. Unfortunately, the
requirements of a loudspeaker for repro-
ducing the high-frequency range most effi-
ciently are opposed to the requirements of
an efficient low-frequency speaker.

In general, low-frequency speakers de-
mand a large diaphragm and compara-
tively heavy driving coil system to handle
the large amplitudes of the audio cur-
rents, whereas high-frequency speakers
should have a light cone and coil system
capable of vibrating rapidly in response
to high-frequency currents of much smaller
amplitude.

In order to obtain efficient reproduc-
tion of both the high and the low frequen-
cies, dual speaker systems are usually em-
ployed. The output of the audio amplifier
is divided by means of an electrical net-
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FIG. 67. CIRCUIT OF AN AUTOMATIC SQUELCH SYSTEM FOR SUPPRESSING INTERSTATION
AND STANDBY NOISE IN FM RECEIVER

installation of the speaker systemn in the
receiver cabinet.

Squeleh Circuits * FM receiver circuits in-
herently have a high noise level when no

TUNING-EYE

1ST LIMITER STAGE

"L

—

L
T

DISCRIMINATOR TUNING INDICATOR
TUBE

ouTPUT
Dy ]
A
T f
[ DE-EM- TUNING
-0y PHASIS FILTER METER
L

]

DISCRIMINATOR

TUNING-EYE TUBE

TUBE

oc
FILTER
[4-3]
DISCRIMINATOR TUNING  TUNING-EYE
uTPUT RECTIFIER TUBE
Dy —
g —
% \
oe - + /[_is
FILTER Ry j:'f}/
N\ -
|
B \ IL;—
/Dz — = o Do~
I 1 *
-~ -C <~
>
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work so that the low-frequency compo-
nents are routed to a speaker designed for
low frequencies, and the high-frequency
components, say those above 1,500 or
2,000 cycles, are delivered to a high-fre-
quency speaker.

The small high-frequency speaker, or
tweeter, is usually mounted coaxially with
and directly in front of the low-frequency
speaker, or woofer. This simplifies the

signal is tuned in. In the FM communica-
tions services, where a receiver is tuned
to a specific frequency for long stand-by
periods in anticipation of signals that may
appear at any time, the continuous roar
of noise is highly objectionable to the
listener on watch. In a communications
receiver, therefore, it is desirable that a
squelch system be incorporated for the
purpose of silencing the audio system dur-

ing those periods when no signal is being
received.

Similarly, in broadcast receivers, it is
undesirable to have a large noise output
when tuning from one station to another.
A squelch system eliminates this unde-
sirable interstation noise.

Most squelch circuits operate on the
principle of applying a large negative
bias on the grid of the first audio amplifier
tube whenever the signal voltage is very
low or entirely absent at the limiter in-
put. The squelch bias must be sufficiently
in excess of cut-off to prevent the noise
output of the discriminator from causing
a plate current to flow in the first audio
amplifier tube, even momentarily on the
noise peaks.

Figure 67 shows a typical squelch cir-
cuit. During the reception of signals, the
first amplifier tube obtains its normal
operating bias from cathode resistor Rc.
The squelch tube is biased beyond cut-off
by the negative voltage taken from the
first limiter resistor Ry.

When the signal voltage at the limiter
is removed, either through shutting down
the transmitter or detuning the receiver,
the rectified voltage across resistor Ry of
the first limiter falls to a very low value.
The squelch tube bias is, therefore, almost
entirely removed and the tube draws a
heavy plate current by way of cathode
resistor Rc. The increased voltage drop
across Rc biases the first audio amplifier
tube beyond cut-off, until a signal is ap-
plied again at the first limiter grid.

In this typical case, the first audio-
amplifier tube is a 6SQ7 which draws 0.9
milliamperes through the cathode resistor
Rc of 2,200 ohms, and operates with a
normal bias of 2 volts. The squelch tube is
a 6AC7 which is operated without a plate
load resistor and draws 36 milliamperes
at zero grid voltage. Thus, in the absence
of signal, the voltage across the cathode
resistor Rc is about 36/2 or 18 times the
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normal bias of the first audio amplifier. A
negative bias of only —5 volts is necessary
to bring about complete cut-off of plate
current in the 6 AC7 squelch tube, restor-
ing the normal bias of —2 volts on the
first audio amplifier tube. This voltage
appears across the first limiter resistor R,
at relatively low signal level.

In locations where the noise level is very
low, the squelch system may shut off weak
signals from which reasonably satisfac-
tory reception could be obtained. It is de-
sirable, therefore, that a switch be pro-
vided for stopping the squelch action. In
the circuit shown in Fig. 67, this switch
serves to disconnect the cathode of the
squelch tube, and thus opens the circuit
through which the squelch current is
drawn.

Tuning Indicators * To avoid distortion in
the discriminator, the center frequency of

voltage at the transmitter and 3) har-
monics of the AF component representing
distortion resulting from operation on the
curved portions of the discriminator
characteristic.

In order to minimize such distortion, a
device is needed to enable listeners to tune
their receivers more accurately than is
possible when depending upon the ear
alone.

One solution of the tuning problem lies
in the use of an AFC system actuated by
the DC component of the discriminator
output, which would automatically cor-
rect the oscillator frequency by means of a
reactance tube whenever the receiver is
slightly 1nis-tuned or the oscillator drifts.
The theory of operation of the reactance
tube has been already explained.

The other solution involves the use of a
visual tuning indicator, such as a meter
or tuning-eye.

1ST MIXER

2ND MIXER -

FIG. 69.

FUNDAMENTAL CIRCUIT OF DOUBLE SUPERHETERODYNE RECEIVER, WHICH

PROVIDES LARGE RF GAIN WITH GOOD STABILITY

the voltage at the limiter output should
equal the resonant frequency of the dis-
criminator tuned input circuit. The dis-
criminator will then be operated at the
mid-point of its linear characteristic and
will deliver an audio voltage having the
same wave form as the audio modulating
voltage at the transmitter.

When the center frequency of the sig-
nal applied to the discriminator ap-
proaches but does not equal the resonant
frequency of the discriminator tuned cir-
cuit, operation occurs about a point off
the center of the linear portion of the dis-
criminator characteristic. Under such con-
ditions the discriminator output contains
1) a DC component having a magnitude
and polarity depending upon the extent
and direction by which the applied fre-
quency differs from the resonant fre-
quency, 2) an AF component of the same
frequency as that of the audio modulating

Fig. 68 (A) shows a tuning-eye indica-
tor circuit controlled by DC voltage taken
from the grid leak of the first limiter
stage. As the receiver dial is tuned toward
the setting for the station, the beat fre-
quency created by the signal and oscilla-
tor frequencies approaclies the intermedi-
ate frequency of the receiver, to which the
IF amplifier, limiter, and discriminator
circuits are resonant. This causes the RF
voltage across the limiter tuned circuit
condenser C to rise, creating a large DC
voltage across grid leak Ri. This DC
voltage is applied by way of DC filter
R;C,; to the grid of the tuning-eye tube in
negative polarity, and causes the shadow
angle to diminish.

If the receiver dial is tuned beyond the
setting for the station, the beat frequency
created by the signal and oscillator fre-
quencies draws away from the inter-
mediate frequency of the receiver to which
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the tuned circuits are resonaut. The RF
voltage across the limiter tuning con-
denser C decreases, thereby reducing the
negative bias applied by grid leak R; to
the limiter tube, and causing the shadow
angle to increase.

At the correct tuning adjustment, the
marimum negative voltage is developed
in the limiter grid leak and applied to the
grid of the tuning eye, so that the least
shadow angle is obtained.

As stated previously, the condition to
be satisfied for correct tuning adjustment
is that the applied frequency at the dis-
criminator be equal to the resonant fre-
quency of the diseriminator input circuit.
The above method of tuning assumes that
the alignment of the limiter, IF amplifier,
and discriminator tuned circuits will be
maintained exactly at the intermediate
frequency of the receiver. .

Actually, in view of the high order of
the intermediate frequency involved, it
can be expected that the circuits may be
slightly out of alignment at times. Some
set designers prefer to obtain the control
voltage of the tuning eye from the dis-
criminator. since this is the receiver stage
in which exact tuning is important.

Fig. 68 (B) and 68 (C) show two tuning
indicator circuits actuated by the DC
component of the discriminator output,
which appears whenever the center fre-
yuency of the signal applied at the dis-
criminator differs from the resonant fre-
quency of the discriminator tuned circuit.

In Fig. 68 (B), the DC component of
the discriminator output voltage is iso-
lated by means of a DC filter RC, and is
applied to the grid of a tuning-eye tube.
The tuning-eye is adjusted by means of a
variable cathode resistor Rc, so that the
eve just closes when there is zero voltage
at the discriminator output. A convenient
way to make this preliminary adjustment
is to remove the last limiter tube tem-
porarily, while adjusting Rc to make the
eye close.

In the case of the circuit shown in Fig.
67 (B) it will be found that when no signal
is tuned in, the eye is closed. When the
dial is tuned past the setting at which a
station is heard, the eye first opens and
then closes and overlaps, or vice-versa,
depending upon the direction in which the
dial is turned. The correct tuning adjust-
ment is at the transition point between an
opening and an overlap, where the eye is
just closed.

Fig. 68 (C) shows a circuit operating on
the same principle as that of Fig. 68 (B),
except that a tuning meter is employed
instead of a tuning-eye. Tuning is accom-
plished by bringing the meter indicator
to a reference mark on the meter scale.

While the indicator circuit in Fig.
68 (B) has the advantage of being oper-
ated from the discriminator stage, an ob-

3l



jection may be raised because, during
tuning, the shadow angle of the eye varies
in a manner that may puzzle the unin-
formed operator who has been accustomed
to seeing the eye open ahove and below
resonance in his AM receiver. Thus the
use of a tuning rectifier, as shown in Fig.
64 (1)), is favored by somne set designers.

In this circuit. when the applied fre-
quency exceceds the resonant frequency
and the voltage at the discriminator out-
put terminal A is, say, positive with re-
spect to ground, the current drawn
through tuning rectifier diode D; pro-
duces a voltage drop in the rectifier level
resistor Ry, of such polarity as to reduce

stages in the factory production of re-
ceivers without running serious risk of en-
countering instability in the IF amplifier
because of regenerative coupling between
stages. This condition demands a large
gain in the first RF amplifier stage; in
fact, a larger gain than can be obtained
casily at FM frequencies.

One solution to this problem of obtain-
ing large overall gain without requiring
excessive gain at one intermediate fre-
quency lies in the use of a special circuit
arrangement called the double super-
heterodyne or triple-detector superhetero-
dyne. Here, two interinediate frequencies
arc employed. thus reducing the amount
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the negative voltage on the grid of the
tuning-eye, thereby opening the eye.
When the applied frequency is less than
the resonant frequency and terminal A is
negative with respect to ground, then
current is drawn in the same direction
through Ri as before, but by way of
diode Di. Again a voltage is applied to
grid of the tuning eye in such polarity as
to open the eyc. Therefore, the eye closes
at the correct dial setting of the receiver
and opens above or below the correct -set-
ting, similarly to tuning eyes in AM
receivers.

Double Superheterodyne FM Receivers * In the
preceding chapter, stress was laid upon
the need for high RF and IF gain in FM
receivers, in order that weak signal volt-
ages can be brought up to a level sufficient
to saturate the limiter. Moreover, it was
stated that a gain of 15,000 represented
about the maximum that could be ob-
tained safely from the mixer and IF
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of gain that is required at each frequency.

The logical circuit arrangement for a
double superheterodyne would appear at
first thought to include a variable-fre-
quency oscillator to reduce the signal fre-
quency to the first intermediate fre-
quency in the first mixer, and another
oscillator, of the fixed-frequency type, to
lower the frequency to the second inter-
mediate frequency in the second inixer.
Actually, such an arrangement causes
serious difficulty because of spurious sig-
nals produced by beating together the
fundamentals and harmonies of the oscil-
lator.

A practical circuit arrangement em-
ployed in FM receivers designed to tune
over a range of frequencies is shown in
Fig. 68. Here the oscillator frequency at
any particular dial setting is half the dif-
ference between the signal frequency for
that dial setting and the second IF.

For example, in Fig. 69, assume that
the sccond intermediate frequency is 4.3

me. and the signal frequency is 45.5 mec.
The input tuned circuit of the first mixer
is resonant at 45.5 mc. and the oscillator
tuning circuit constants I,C, are such as
to give an oscillator frequency of (45.5—
4.3)/2, or 20.6 nc.

The oscillator is coupled inductively or
capacitively to the first mixer and causes
a beat component to appear in the output
at the difference frequency of 45.5—20.6
or 249 mc. The tuned parallel circuit
1,C; is resonant at this difference fre-
quency, causing a voltage of the differ-
ence frequency to be established across
Il!Ci.

The plate current of the first mixer
also contains a strong component at the
oscillator frequency. The impedance of-
fered by L:C; to the oscillator frequency
of 20.6 mec. is less than that offered to the
first intermediate frequency of 24.9 me.
However, the strong component at the
oscillator frequency of 20.6 me. is able to
build up an appreciable voltage across the
small impedance of L;C;. and this voltage
is applied to the grid together with the
voltage at the first intermediate fre-
quency of 2+.9 me. This. a difference fre-
quency component at 24.9—20.6 or 4.8
me. appears in the plate circuit of the
second mixer, and serves to excite the IF
amplifier.

Since the output circuit of each mixer
tube is tuned to a frequency other than
that of its input circuit, high-gain tubes
can be employed in both mixer stages
without risking oscillation. Since the con-
version transconductance of a tube used
as a mixer is from one-third to one-half
of the mutual conductance of the same
tube used as an amplifier, reasonably good
gain can be obtained in the two mixer
stages. The use of a single oscillator for
hoth mixer stages overcomes the difficulty
with spurious responses that is encoun-
tered when two oscillators at different fre-
quencies are employed.

Where still greater receiver gain is de-
sired, as in FM mobile communications
services, an additional stage of amplifi-
cation at the first intermediate frequency
may be employed. The selectivity of the
IF amplifier between the first and second
mixers would be too great to permit a com-
ponent of voltage at the oscillator fre-
quency to reach the second converter grid
by way of the first converter as in Fig. 69.
However, where reception at only one
frequency is desired, the circuit can be
designed so that only one crystal oscilla-
tor is employed. The fundamental of the
oscillator is applied to the second mixer
and a higher harmonic is coupled to the
first mixer.

The Beers Receiver * Fig. 70 shows a block

diagram of a special receiver circuit ar-
(CONTINUED ON PAGE 76)
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FIG. 1. FREQUENCY CONVERTER AT FINAL STAGE OF LABORATORY DEVELOPMENT

POWER FREQUENCY CONVERTER FOR FM

Interim FM Operation on Old and New Bands at Minimum Investment
BY FRANK A. GUNTHER*

HE FCC decision of June 27th, wherebyv

FM broadeasting will move to the 88- to
108-mc. band, confronts the FM broad-
cast station owner with the serious practi-
cal problem of transmitting on both his old
and new frequencies during the transition
period.

How can operation on the new band be
inaugurated at the earliest possible mo-
ment while maintaining service to tlie
present audience on the old band? Is it
necessary to install a second, completely
new transmitter, or can auxiliary equip-
ment be added to the present transmitter
tor dual-frequency operation? If auxiliary
apparatus can be used, what are the eco-
nomic factors involved? For example, will
it be necessary to write off the cost of the
additional equipment as a complete loss at
the end of the transition period, when the
FCC finally orders transmission exclusively
in the new band?

Anticipating the possibility that the

* Vice President in Charge of Engineeering, Rilio
Engineering Laboratories, Inc., Long Island City,
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FCC would decide to move FM upstairs,
REL set about finding the best answers to
these questions several months ago. The
result, as announced by Major Armstrong
in a public statement immediately follow-
ing the FCC decision, is the development
of an efficient power frequency converter
for FM broadcast transmitters which per-
mits simultaueous operation on the old
and the new bands.

The power frequency converter is a self-
contained unit that can be installed adja-
cent to, or at any convenient distance
from. the present transmitter. The con-
verter may be used with an FM trans-
mitter of any power and any type of
manufacture. There is but one simple
connection between the converter and the
present transmitter, whereby a  small
amount of power is drawn from the trans-
mitter output stage for the excitation of
the converter. Other than this, the con-
verter circuit is independent of the main
transmitter. The converter operates from
its own power supply and is designed to
deliver 1 kw. or 3 kw. to its own antenna
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at the desired frequency in the 88- to
108-mec. range.

Operational Advantages * DDual operation on
the old and new FM bands is highly de-
sirable, of course, because it will obviate
another chicken-or-the-egg dilemma in
shifting to the new band. Stations now op-
erating in the lower band will be able to
serve their established FM audiences,
while the new audiences on the higher
frequency band are being developed.

In this connection. the power frequency
converter has something special to offer.
Since it is a relatively simple device. it can
he manufactured quickly and installed
with a minimum of delay or inconven-
ience. This means that stations now in op-
eration will be able to begin transmission
in the upper band much sooner than would
be possible if they wait for the production
of complete high-power transmitters for
the new band.

Since it is axiomatic that receivers can
be sold only in areas where FM signals are
on the air, it follows that the shift of re-
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ception to the new band will be expedited
by the early establishment of transmission
in this portion of the spectrum provided,
of course, that reception and coverage on
the new band will prove to be as good as
that obtained on the 42 to 50-mc. band.

Spot authorizations for the construction
of a limited number of power frequency
converters for FM broadcast stations have
already been applied for, and while the
WPB has not indicated its action at the
time this is being written, it is reasonabic
to expect that a number of converter in-
stallations will be in operation well before
the appearance of the first post-war FM
receivers on the civilian markel. Quite
possibly, the use of converters will permit
regular transmissions in the 88 to 108-mc.
band soon enough for extensive field test-
ing of new receiver models prior to the
resumption of civilian production. It is
expected that a definite statement regard-
ing the availability of power frequency
converters can he made in the very near
future.

Aside from the considerations of the
time element, the use of converters offers
a number of other practical advantages.
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ical with that of the output of the present
transmitter. The same monitoring equip-
ment already in use at the station can be
used to check both transmissions. The
frequency stability of the output of the
converter is excellent, being well within
the requirements of the FCC.
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FIG. 3. ONE CONNECTION SERVES TO LINK CONVERTER AND TRANSMITTER

For example, it will be unnecessary to
acquire additional real cstate for the hous-
ing of a new transmitter at the present
time. The same operating staff can attend
the additional unit.

No new monitoring problems are intro-
duced, since the frequency deviation of the
converter output on the new band is ident-

An important consideration to the sta-
tion owner contemplating the use of the
power frequency converter is the matter
of obsolescence. Will the entire cost of the
converter have to be written off as a loss
when the interim period of dual operation
is ended and transmission solely on the
88- to 108-mc. band is initiated?

The physical layout of the REL con-
verter is such that the elements actually
involved in frequency conversion (as dis-
tinguished from those involved in power
amplification) are mounted in a removable
section of the converter unit. At some fu-
ture date, when operation on the lower
frequency band is discontinued, these ele-
ments can be removed easily and a new
Armstrong direct crystal-controlled phase-
shift type of modulator substituted. The
use of the 1-kw. or 3-kw. final power ampli-
fier of the converter, together with its
power supply and power control systems,
will be retained for the new transmitter.
Thus the major part of the present invest-
ment in the frequency converter can be
saved. While exact cost fignres are not
available, it is estimated that only about
159, of the cost of the converter will be lost
when the frequency-converting elements
are removed.

Principle of Operation » The power fre-
quency converter operates on the same
general principles as the other converter
stages employed in FM transmitters. The
main points of difference lie in the higher
order of frequencies and the higher level of
power at which the frequency conversion
takes place, plus the fact that the con-
verter output circuit is tuned to the sum
rather than to the difference of the con-
verter input frequencies.

The converter in its final stage of de-
velopment on the laboratory bench is
shown in Fig. 1. The unit at the extreme
left is a crystal multiplier, delivering a
constant-amplitude output at a frequency
equal to the difference hetween the as-
signed frequencies in the new and the old
FM bands.

For example, in a power frequency con-
verter for Alpine, which is now operating
on 42.8 mc. and plans to transmit simul-
taneously on 92.1 me., the crystal multi-

(CONTINUED ON PAGE 78)
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1ACS Domestic Station
showing  pair of

Eimac 450-T tubes

-

AACS Ground Station
China-Burma-India Theatre

e

“ AACS BLAZES THE TRAIL FOR SAFE
FUTURE WORLD AIR TRANSPORTATION

World-wide aviation communications are an cstablished fact -
today. Almost overnight u greae radio nerwork has been cre- AACS Station on an oslamd in Sonthy Pucific
ated. The actual physical difaeulties involved were great enough,
to say nothing of the variety ufextreme operating conditions
encountered and overcome. Needless to say, the equipment em-
ployed must be dependable, both from a standpoint of construc-
tion and pertormance capabilicy. '

The establishment of radio ground stations on every conti-
nent and in fifty-two different countries...overcoming the wid-
est extremes in operating and climuatic conditions (from 40
degrees below zero to 140 degrees above) ... stations in jungles
...in deserts...in mountains and towans...and to have these sta-
tions constantly operating at ncar peak levels is a tribate to the
equipment employed. On this page are shown three AACS
Stations located at widely separated spots on the globe. .

L
Get vour copy of Electronic Telesiy 1""5
. the sixty-four puge baoklet which

gives the fundamentals of eloiron-
iis, This litele bouklet 1orll help elec-
tronse engineers vxplacn the subgect  EITEL-McCULLOUGH, INC.,1030 San Matea Ave., San Bruna, Calif.
£ Laymen. I’s yours for the avking  Plonts lacated at: San Bruna, Califarnia and Salt Lake City, Utah
cao 20 cost or obligation Asvatluble
m English and Spanish lunguages.

FOLLOW THE LEADERS TO

Expart Agents. Frazar & Hansen
301 Clay Street, San Francisco 11, Californio, U S A

*4. 4.C. S (Army Advicays Commaunications System ) World Radio Histc
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M & TELEVISION PRODUCTS DIRECTORY

The Radio Engineers’ & Purchasing Agents’ Guide to Essential Materials,

SUPPLY HOUSES
CALIFORNIA
8AN FRANCIACO, Zack Radlo S8upply Co.,
1426 Market St.
CONNECTICUT
BRIDGEPORT, Hatry & Young, 117 Can-
non 8t.
HARTFORD
Hatry & Young, 203 Ann St.
Scell & Co., 22 Auylum 8t.
NEW Huu«. Hatry Young, 1172
Chape
DISTRICT OF COLUMBIA
WASHINGTON, Bouthern Wholesalers,
Ine., 1519 L 8t. N. W,
GEORGIA
ATLANTA
Concord Radlo Corp 265 Peachtree St.
Yancey Co., Inc.. W. Peachtree 8t.
MaCON, Specialty Dist. Co.
SAVANNAH, Specfalty Dist. Co.
ILLINOIS
CHICAGO
Allleddludlo Corp.. 833 W. Jackson

Chlcaz% Rwlo App. Co., 4155 8.
Concoé-d Rmdlo Corp 801 W. Jackson

Radlo Parts Co 612 W Randol h 8t
Walkar-Jlmleson, Ine., 311 8 est-

ern Avi
Ewm. Fox Eleoc. 8upply Co., 67 N.

State 8St.
ProRIA, Klaus Radio & Elec Co Main 8t

INDIANA
INDIANAPOLIS, Klefer-Stewart Co., W.
Georgla 8t.
IOWA

CEDAR RAPIDS, Checker Elec. Supply,
Inc E

DAVENPORT, Midwest-Timmerman Co.,
Western Ave.

KENTUCKY
LoutsviLLE, 8mith Dist. Co,, E. B°'way

MARYLAND

BALTIMORE, D
202 8. Pulaski 8t.
MASSACHUSETTS

BOSTON, Radlo ere Television, Inc.,
110 Federal &

CAMBRIDGE, Fnste Co.

SPRINGFIELD, Cushing, T. F.

WORCESTER, Radlo Munt Supply Co.

MICHIGAYN
FLBI;X'I‘ Shand Radlo 8pec., W. Kearstey

& H Distributing Co.,

MISSOURI
KAN8As CrITY, Bursleln Applebee Co.,
1812 McGee
8r. Louls, !nterstate Supply Co.. 10th
& Walnuts £'ts,

NEW JERSEY

NEWARK
Continental Salee Co 195 Central Ave.
Krich-Radisco Inc 422 Ellzabeth Ave
Lippman & Co.. Aaron, 246 Central

Ave,
Radlo Wire Television, Inc., 24 Cen-
tral Ave.

NEW YORK

BINGE AMTON, Morrh Distributing Co.,
Inc., 25 Henry

GLOVERSYILLE, Funon Coun&y Dist. Co.

!NTBACA Stallman of Ithaca, Tioga St.
BW Y
Bruno-New York Inc 460 W 34th St
Com. Rudlo-Sound Corp., 570 Lexing-

ton Ave
Harrlson Radlo Corp.. 12 W B'way
Harvev Radio Co., 103 W. 43 St.,
N.Y.C.
qu|lom ere Television, Inc., 100
x|
8anford Electronles Corp.. 136 Lib-

erty

8un Radlo & Electronics Co., 212
Fulton 8t.

Tesrmlnal Radlo Corp., 85 Cortlandt

t
SYRACUSE, Motria Dlstrlbutlnx Co,, Inc.,
412 8, Clinton S

NORTH CAROLINA

RAl.Elan foutheastern Radlo Supply
Co., E. Hargett 8t.

OHIO
CLEVELAND, Goldhamer Inc Huron Rd

PENNSYLVANIA

HARRISBURG. D & H Distributing Co.,
3115 Cameron 8t.

PHILADELPHIA, ludlo Elec. 8ervice Oo.,
7th & Arch 8

PITTSBURGH
Cameradio Co., 963 Liberty st.
Tydings Co., 623 Gran® 8t,

RHODE ISLAND
PROVIDENCE, Edwards Co., W. H., 94
B’way

36

Norz: For the convenience of
added. under the heading **'SUPPL
48 cities. These houses
tubes, and are prepared to
AMPLIFIERS, Public Address

Eastern Amplilfier Corp,
BLOWERS, for Radio

Equipment

Eastern Air Devices
CABLES, Preformed

Alden Products Company
CHOKES, RF

Atblon Coll Company
Jeffers Electronics

CONDENSERS, Fixed

Electrical Reactance Corp.
Jefters Electronics

GENERATORS, Engine Driven
Leland Electric Company
METERS, Frequency
Andrew Company
METERS, Small Panel

Marion Electrical lnstrumem Co.
M B Manufacturing C

MONITORS, FM

Doolittie Radio, Inc
General Eiectric Company

MOUNTINGS, Shock
Absorbing
Robinson Aviation, Inc.
MYCALEX
FElectronic Mechanics, Ing.
OSCILLOSCOPES, Cathode
Ray
Sherron Electronics Company
PLUGS, Telephone Type
Amalgamated Radio Television
Corp.

RESISTORS, Fixed
Jeffers Electronics

SPEAKERS, Cabinet Mounting

Best Manufacturing Co., Inc.
General Instrument Corp.

NEW LISTINGS ADDED THIS MONTH

Company addresses will be found in the Directory listings

We sholl be pleased to receive suggestions as to
company nomes and hard-to-find items which
should be added to this Directory

neers and
HOUBES™ & lm

large stocks of componenu instruments,
1 mall or telegraph orders.

ng agents, we have
parts jobbers in
and

SWITCHES, Key
Federal Telephone & Radio Corp,

SWITCHES, Midget Snap
Ucinite Company

SWITCHES, Rotary Ceramic
Wafer
Centralab

TRANSFORMERS, IF & RF
Alhion Coll Company

TRANSFORMERS, Receiver
Avdio & Power
Kyle Corporation
Permofiux Corporation
TRANSMITTERS, FM

Communications Co., Inc.
Dootittle Radlo, Inc.
Federai Telephone & Radio (orp
(,alvln M{1g. Corp.

General E)ectrlc Company
Harvey 18

RCA’ Victor

Radlo Engineering Labs., Inc.
Western Electric (mmpany
Westlnghouse Ltectric Corp.

TRANSMITTERS, Television
Du}‘ ll}(ont Laboratories, Inc..
General Electric Company
RCA Victor

TUBING & SLEEVING
suzprenant Electrical Insulation

°0.

TURNTABLES, Record
Russell Electric Co.

WIRE, Hookup
su&prenant Electrical Insulation
0.

WIRE & CABLE
Hentle&v Harrls Mig, Co.

orp.
surprennu Hectrlul Insulation

SOUTH DAKOTA
810Ux FALLS, Power City Radlio Co., S,
Malin Ave.

TENNESSEE

KNoxvVILLE, McClung Co.. C.
Mzurum Bluff City Dist. Co Unlon

NAsuvu.u, Electra Dist Co W End Ave

TEXAS
HousToN, Halt, R.C. & L.F. Curoline St.
UTAH
8ALT LAKE CrTY, Radio Studloe Inec.,
E. B'way
VIRGINIA
DaNviILLE, Five Forks Battery Station
mg:moub Wyatt-Cornick, Inc., Grace

WASHINGTON
8EA
Beame Radlo Supply Inc., 2nd Ave.
Zobrist Co., 2016 Third Ave.
WEST VIRGINIA
CHARLESTON, Chemeclty Radio Elec. Co..
E. Washing! St,
MORGANTOWN, Trenton Radlo Co.
WISCONSIN
RACINE, Standard Radlo Parts Co.,
State St.

AIRPORT RADIO Installotions

Afreraft Acemsorles (,orp Funston Rd..
Kansas City, K.
Afr Associates, Inc Los Angeles, Callf,

Bendix Radio, Towson, Md.
Collins Rudio Co Cedar Raplds 1
Communications Equip. (‘ﬁrp 134Colo—

rado St., Pasndena. Cal
l-‘rf:o Raglu Labs. Inc., Hempstead,
Radio Receptor Co..Inc.. 251 W. 19 St.,

Wilcox-Gay Corp. Charlotte Mich.

AMPLIFIERS, Public Address

David Bogen Co Inc 663 Bway NYC 12
,a:te\rn A5mpl|ﬂer Corp 794 E 10 St
Langevin (037 W658t N Y C 23
Operadio M{g. Co 8t Charles 111

Radiv Corp. of Amer. Camden N J
Western Electric Co 195 Bway N Y C

AMPLIFIERS, Studio
Fa{r%l)ll\cll Camera & Inst Corp Jamalca
Langevin Co 37 W 658t N Y C 23
Radlo Corp. of Amer, Camden N J
Western Electric Co 195 Bway N Y C
ANTENNAS, Loop, Built-in

D)éh(“rysuzlzco 1200 N Claremont Ave
Slckles Co F W, Chicopee Masa.

ANTENNAS, Mobile Whip &

Collapsible
Afr Assoclates, Inc , Los Angeles
Alrcraft Accessories Corp.. Funston Rd.,
Kansas City, iinus,

Gomponents, and Equipment

Bendlx Aviation Corp.. Pacific Div,, 116
erman Way, N. Hollywood
Blg:b:rchcmmo Co., 145 Hudson St..

Brach Mtg Corp . Newark, N. J.
Cmbumc do 484 Broome St.,

Gn.lvln M{g. Corp., Chicago, Il
Link, F, 125 W, 17th St.. N, Y. C.
Premax Producu 4214 Highland Ave.,
lagara Fi . Y.
Radlo Fn Laba !nc L.I. Cltg . Y.
Snyder ?g Co 2218 W Ontario St Phila
Tech, Appl Co 516 W.348t., N, Y.C..
Ward Products Corp., 1523 E. 45 Bt..
Cleveland, O

ANTENNAS, Tower Type

maw-Knox Co., Pittsburgh, Pa.
Har teel Cons. Co., E. Broad St..
Elh beth,

N.J.
“{;{‘" St;’uc%u.ru Steel Co., 17 Battery
Lingo & Son, John E Camden, Ig J.

Truscon 8teel Co., Youngstow!
Wlnchaner Corp.. Sloux City, Towa

ATTENUATORS

Cinema Engineering Co., Burbank, Callf.
Daven Co., Summit Ave,, Newark, N. J.

4

Mallory & Co., P. R.. Indianapolis, Ind.
Ohmlu Mig. Co 4835 w. Flournoy 8t.,

Reml %o Ltd., 2101 Bryant St., San

qhn.llcrom Mfig. Co., Collingdale, Pa.
Tech Laba. Lincoln St Jame&_(‘ity NJ
Utah Radlo Prod. Co., 842 Orleans 8t.,
hicago
BEADS, Insulating

Amer, Lava Corp., Chattanooga, Tenn.
Cornlng Glass Works, Corning, N. Y.
Star Porcelain Co., Trenton, N. J,
Steward Mfg. Co., Chattanooga, Tenn.

BEARINGS, Glass Instrument
Bird, Richard H., Waltham, Mass.

BERYLLIUM
Clifton Products Inc Palnesville O

BINDING POSTS
Amer. Radio Hdware Co., Mt. Vernon,

Franklin Mfg. Corp., 1756 Varlok St..
N.Y.C

General Radlo Co., Cambridge 39 Mass,

Radex Corp., 1308 Elston Ave., Chicago
BINDING POSTS, Push Type

Amer Radio Hdware Co., Mt. Vernon,

Eby, Inc., H. H.,W. Chelten Ave., Phila.

BLOWERS, for Radio Equipment

Enﬂt:rn Al|1r Devlices, Inc., 585 Dean St..

1yn

L-R M{fg. Co., Torrington, Conn.

Trade-Wind Motorfans. Inc., 5725 S.
Maln 8t., Los Angeles

BOOKS on Radio & Elodronlcs

Macmillan Co., 60 Fifth Ave. .C.
Minﬂel PubY "House, 593“;5 38 8t..
McGrawéHul Book Co., 330 W. 42 St.,

Pitman Pub. Corp.,2 W.458t., N.Y.C.
wdloy'l‘(gc Pub. Co., 45 Astor PI.,

Rider, John F., 404 Fourth Ave,, N. Y. C.
Ronaid Press Co., 15 E.26St..'N. Y. C.
Van Nostrand Co.. D., 250 Fourth Ave..

N. Y. C,
Wiley & Sons. John. 440 Fourth Ave.,
N.Y.C,
BRIDGES, Percent Limit Resistance
l.eeds & Northrup Co.. 4901 Stenton
Ave., Phila,
RadloyClty Producta Co., 127 W. 26 St.,
Shallcross Mfg. Co.. Colilngdale, Pa.

BRIDGES, Wheatstone

Industrial Instruments, Inc., Culver
Ave,. Jersey City, N, J.
Leeds & Northrup Co,. 4901 Stenton

Phila
Shsllcrou Mfg. Co., Collingdale, Pa.

BUSHINGS, Terminal Seoling

Corning Glass Works, Corning, N. Y.
,Ioctrlcsl Industries, Inc,, 42 Sumner

. Newark 4, N.J.
Lenox ‘Inc Trenton 5 NI
eeriess Electrical Prod. Co., 6920
McKinley Ave., Los Angeles 1

Sperti, Inc., Cincinnatl, O.

Sprague Elec Co N Adams Mass
estinghouse Elect. & Mifg. Co., E
Pittaburgh, Pa.

CABINETS, Metal

Cole Steel Equip. Co 349 Bway N Y C
Corry-Jamestown M{g Corp Corry Pa

FM axp Trrevision
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What effect do horn formula, flare and length have on low frequency “cut-off?” In the most
commonly used frequencies which horn is most directional — one with large or one with
small mouth? What are the advantages of the reflex type horn? How is a 500-watt “bull
horn ” constructed? What are the advantages of the new Hypex,* originated by Jensen, over
the expcnential type horn?

"HORN TYPE LOUD SPEAKERS"— jeNseN Monograph No.5,- the latest number in the
JENSEN Monograph series and now available, discusses simply and clearly these and many
other questions pertinent to the study of electroacoustics. By means of photographs, dia-
grams and graphs i: reviews the principles, performance characteristics and applications
of horn type loud speakers and illustrates modern reproducers employing horns.

Get your copy of this or any others of the series today from your JiNseN jobber or
dealer or from the JeNseN Technical Service Department. Price each 25c.

Stecialisls e ’J’ewyn and u'/[an!/ac/me 0/ Fere Sdecacstee (Fgm/unew/

ensen

FREE 15 men in the Armed Services,
and to Technical Schoals, Colleges

d Librari Jensen RADIO MANUFACTURING cOMPANY %
and Libraries. 6609 South Laramie Avenue, Chicago 38, III. |
Send me the Monogrophs checked: ]
O (1) “Loud Speaker Frequency-Respanse Measurements ‘
e : [ (2} “Impedonce Malching and Pawer Distribution." ‘
"'"'"“::.-—-' . [ (3} “Frequency Range in Mus ¢ Repraduction. R |
ove wensm — . O (4) "“The Effective Repraoduction of Speech.” l:’"eac,f ‘
03 (5) ""Horn Type Loud Speakers.™ book ordered. B

*Trade Mark i stared; U. 3. Porant No. 2,338.362
4 . ' 4 AN NIATIAm R

lugust 1945 — formerly I'M Rapro-ELEcTRONICS 37



Insuline Corp of Amer LICity NY
K"EA;IM . Co Inc 126 30th S8t

n 31
Prod. Corp., 32-49th St,,
L.I.City, N. Y,
Po{;‘ﬁy Metal Prod Co 490 Johnson Av

CABINETS, Wood, for Home Radios

Churchill Cabinet Co., 2119 Churchill
8t., Chicago

'l‘llll:on;on Furniture Co.,

CABLE, Coaxial
American Phenolic Corp., 1830 8. 54 Av.,

nda,
Anﬁco a Wire & Cable Co., 25 B'way,

Andrew Co 363 E 75 8t Chicago

Belden Mftg. Co., 4673 W. Van Buren,
Chlcafo

Boston Ins Wire & Cable Co Boston

Comm Prods Co 346 Bergen Av Jersey

City 5N J
Cornish Wire Co., 15 Park Row, N. Y. C.
Doolittle Radlo Inc., 7521 8. Loomis

Blvd.. Chicag
erai’ Cnble Corp.. 420 Lexington,

.Y,
Genernil: I!;’auléated Wire Corp., 53 Park
Johnson Co,, E. F., Waseca, Minn.
ben: Electrical Mig. Co,

Radex Co 1308 Elston Ave., Chicago
Simplex Wire & Cable Corp.. Cambridge,

CABLE, Coaxial, Fittings

Andrew Co 363 E 75 8t Chlcni
Comm Prod Co 346 Bergen Av Jersey

Jol(lzl’mons&.’E. F. Waseca Minn
CABLE, Coaxial, Solid Dielectric

AnAe‘gcan Phenollo Corp., 1830 B. 54

Fedeul 'm & Radto Corp., E. Newark,

Slxﬂ)lex Wire & Cable Corp., Cambridge,
288,

Jamestown,

CABLE, Microphone, Speaker &
Battery

Alden Prods. Co., Brockton,

‘Anaconda Wire & Cable Co.. 25 Brond-
way, N. Y. C.

Belden Mtg Co., 4633 W. Van Buren,

Chlcag
Boston lnsulatod Wire & Cable Co.,
Dorchester, Maas
Gavitt Mig. Eor, Brookfield, Mass
Hol, oke Wire & (‘nble Corp.. Holyoke,

Unlverul Microphone Co,, Inglewood,
Callf.

CABLES, Preformed

Alden Products Co., Brockton, Mass,

Belden Mfg. Co., 4633 W. Van Buren
St., Chicago

Wallace Mfg. Co., Wm. T., Rochester,

Ind.
Whitaker Cable Corp Kansas City 16 Mo.

CASES, Wooden Instrument

Hoflstatter's Sons, Inc., 43 Ave. & 24
St.. Long Island City, N. Y.

Tillotson Furniture Co., Jamestown,
N.Y.

CASTINGS, Die

Aluminum Co. of Amer., Pittsburgh, Pa.

Amerlcan Brass Co., Waterbury, Conn.

Dow Chemical Co., Dow Maetal Div.,
Midland, Mlch.

CERAMICS, Bushings, Washers,

Special Shapes
Akron Porcelaln Co., Akron, O.
Amer, Lava Corp., Chattanooga, Tenn.
Centralab. Div. of Globe-Union Inc.,
Milwaukee
Corning Glm Works Cornlog, N. Y.
Electronlc Mechanics, Inc., Paterson,

N.J.
Gen'l Ceramlics & Steatite Corp., Keas-

bey, N. J.
Isolantite, {nc.. Belleville, N, J.
Lapp Insulator Co., Leroy, N. Y.
Lenox, Inc., Trenton, N. J.
Louthan Mig. Co., E. Live 1, O.
M ycalex Corp. of Amerlca. Ifton N. J.
Star Porcelain Co., Trenton, N. J.
Steward Mig. Co.. Chattanooga, Tenn.
Btlll’pnkoﬂ Ceramic & Mfg. Co., Latrobe,

Victor Insulator Co., Vlctor. B Y.
Westinghouse Flect. Mtx E.
Plttsburgh, Pa.

CHANGERS, Record
See Turntables, Record

CHASSIS, Metal
See STAMPINGS, Metal

CHOKES, AF
Iladleleo R. M., 707 E. 61 St.. Los

Langevin Co 37 WG5St N Y C 23

CHOKES, RF
Afbion Coli Co Alblon 1l
Alléliﬁln Radlo Industries, 501 W. 35th,
cago
Alden Prods. Co., Brockton, Mass.
Amerlcnn Communications’ Corp., 306
B'w N.Y.C.
Automagle Winditg Co.. Inc.. Passale
Ave. E.. Newark, N. J.
Buker & Willlamson, Upper Darby, Pa.
Co Co., Providence, R.
D-X R.nd o Prods. Co., 1515 Miiwaukee,
Chicago

SCHEDULE OF DIRECTORIES v FM ano TELEVISION

JANUARY FEBRUARY MARCH APRIL
Al Police ond Radio Products Directory, FM, AM, ond Television Set and Ports Jobberns,
Stations in the U, S, A.— listing momufocturers of Sfoﬁom inthe U, S.A.end listing general monagers
indudes names of the Ra- quipment, P t dao—indudesg: & service managers; ond
dio Supervisors. materials, ond suppli gers, chief engi Factory Representctives
CLOSING DATE JAN. 5 CLOSING DATE FEB. 5 CLOSING DATE MAR. 5 CLOSING DATE APR. 5
MAY JUNE JULY AUGUST
Radio Manufacturers in Roilwoy Signal Engineers All Police and Emergency Radio Products Directory,

the U. S. A.—indudes the
names of general mana-

on all roads in the United
States, Conodo ond

Stations in the U, S. A.—
indudes nomes of the

listing monufocturers of
equipment, components,

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

FM, AM, and Television
Stations in the U. S. A. and
Canada—indudes general
managers, chief engineers.
CLOSING DATE SEPT. 5

Set ond Ports Jobbers,
listing general monagers
& service monagers; ond
Factory Representatives
CLOSING DATE OCT. 5

Radio Monvfacturers in
the U. S. A.—-includes the
nomes of generol mono-
gers and chief engineers.

CLOSING DATE NOV, 3

Railway Slgmlil Engineers
on oll roads in the United
Stotes, Conodo and
Mexico.

CLOSING DATE DEC. 5

Fast & Co., John E., 3109 N. Crawford,

Chicago 41
Gen. Winding Co., 420 W. 45 8t,, N. Y. C.
General Radlo Co., Cnmbrldze. 39 Mass,
Guthman & Co., Edwin, 15 8. Throop,

Chicago
ng{nn\:]u’lund Mitg. Co., 424 W, 83 B8t.,

Jefters Electronics Du Bois Pa

Johnson Co., E. F Wuecn. Minn.
Lectrohm, Inc., Ci

Melssner Mcj Ca.. Mt. Carmel, TI1.
Mlller Co.. W.. 5917 8. Main, Los

General Electric Co Schenectad,
General Radlo Co., Cambridge,
Girard-Hopkins, Oakland, Caltf.
Co., Edwin 1., 15 8. Throop
Chicago
H'Clll}' 8. Prods, 5707 W. Lake S8t.,
Il.llnola . Co., 1160 Howe 8t., Chi-
Imlunrlal Cond. Corp., 1725 W. North
Av.. Chicago
. of America, Long Island

Insuline Co
Jeft Electr&nm Du Bois Pa

NY

ngeles,
Muwr Co.. 1266 8, Michigan, Ch
Natlonal Co., Malden, Mass,

Ohmite Mig. Co., MW Fiournoy 8t..

hicag
Rndex Co % 1328 Elnon Av., Chicago
Slokles Co. N . Chlco) ans, —

Teleradio Enz. Corp.. 5% Broome 5.,

N. Y.
Triumph M1g. Co., 913 W. Van Buren
3t., Chicago

CLIPS, Connector
Mueller Electric Co., Cleveland, O.

CLIPS & MOUNTINGS, Fuse
Alden Prods. Co., Brockton, Mass,
Dante Elec. Mfg. Co., Bantam, Conn.
Ilsco Copper Tube & Prods., Inc.,
Station M., Cinclonatl
Jefterson Elec. Co., Bellwood. I,
Jones, Howard B., 2300 Wabansia, Chi-

cago
Littletuse, Inc., 4753 Ravenswood, Chi-
Cago
Patton MncGuyerOo Provldence R

Sherman Mfg. Co., H. B, Battle
Mich,

Stewart Stamping Co., 621 E. 216 Bt..
Bronx, N. Y.

Zterick Mfg. ‘Co., 385 Girard Ave.,
Bronx, N. Y. C.

CLOTH, Insulating
Acme Wire Co I\ew Haven, Con
Brand & Co. ,276-4th Av,, N. Y C.
Endurette Corp. of Amer., Cliffwood,

N.J,
Insulation Mfgrs. Corp., 565 W. Wash.
Blvd., Chloago
lr\il ton Vnrnlth & Insulating Co.,
ngto!
Mica Insulator Co., 196 Varick, N, Y. C.

COIL FORMS, Gloss
Corning Glass Works, Corning, N. Y.

COILS, Radio
8ee Tranaformers, IF, RF

CONDENSERS, Ceramic Case Mica
Trcnsmining

Aerovox Col w Bedford,
Cornell-Dub! Ier s Plnlnneld x\ J
RCA Mfg, Co., in¢., Camden; N, J,
Sangamo Electric Co., Springfield, Til.
Solnr Mtg. Corp., Bayonne, N. J.

CONDENSERS, Fixed

Aerovox Corp., New Bedford, Mass,
American (,ondenser Corp.. 2508 8.
Mlchl{
Art Radlo dorp 95 Liberty, N. ¥. C.
Atlas Condenser” Prods ) bs West-
chester Ave., N.

Automatic Winding Co E Newnrk N.J.

Bud Radlo, Inc., Cleveiand.

Capacitron Co 31SW Schlller Cmcngo 10

Cemrslnb Millwaukee, Wis. Boutt
uth

Condenser Corp. of America,
Plalnfleld, N. J.

Condenser Prods. Co., 1375 N. Branch,
Chlmb

Conrnls‘a’ll- u'l’)lller Elee. Corp., 8. Plaln-
eld, N. J.

Cosmic Radio Co 699 E 135th St NYC

Crowley & Co., Henry, W. Orange, N.J.

Deutschmann Corp Tobe Canton Mass
Dumont Elec. Co., 34 Hubert St.,

N.Y.C.
lcleb}:tr!cn.l Reactance Corp Franklinville
El::ctro-Mouvo Mftg. Co., Willimantlc,
onn.
Erle Resistor Corp., Erle. Pa.
Fast & Co., John E., 3109 N. Crawford,
Chicago 41

Clty
Co. ASeCA, 5

vo xdo.. ort Wayne, Ind.
allory & Co. FS R., is, Ind.
icamold Radlo Corp., Brook Iy N Y.
uter Co., 1265 8. Michigan “hicago
oma Electrie Corp 85 W 13 8¢ N Yc
Polymet Condenser Co., 699 E. 139 8t.,

Potter Co., 1950 Sheridan Rd., N. Chi-
RCA Mu. Co., Camden, N. J.
Sangamo Elee, Co., Bprlnznald. Ill.
Bickles Co., F. W.,
Bnyonne. N J.

Sprague Electric Co., N. Adams, Mass
Telendl Englncoﬂnx()orp 484 Broome

Wml oune ‘Elect. & M1g, Co., E.
Plttsburgh, Pa.
CONDENSERS, Gas-fiiled
Johnson Co, E. F. Waseca Minn
Lapp Insulator Co., In¢., Leroy. N. Y.
CONDENSERS, High-Voltage
Vacvum

Centralab, Mliwaukee, Wis.
Eitel. lModuuouxn Inc., San Bruno,

Erie Reslstor Corp.. Erle, P;

a.
General Electric Co., Schenectady, N Y.
General El Ino.. P N.J.

CONDENSERS, Small Ceramic

Tubvlar
Centralab; Div. of Globe-Unlon, Inc..
Mlilwauk

60, W
Erie Resistor Corp., Erfe, Pa.

ZZL22

CONDENSERS, Transmitter Nev-
tralizing
.Hnmmnrlund Mt Co4"4W34StNYC
Johnson Co, Waseca M

National Co Inc Malden Mm
Millen Mfg Co Inc Malden Muss

CONDENSERS, Trimmer

Alden Prods. Co., Brockton, M.

American Stee) Package Co., Dennnce 0.
Bud ludlo Inc Cleveland,

Cardwell Mtg. Corp., Brooklyn. N. Y.

Centralab, M iwaukee, Wi

(,o(l:nh’r Eléctric Co., 2701 Belmont Ave.,

General Rndlo Co., Cambridge, Mass.

Guct.ll::nnn. Inc., E. I., 400 8. Peoria,

cAgo
Hnmmnrlund Mtg. Co., 424 W, 33 8t.,

« Y.
lmalllne Co‘r‘p of America, Long Island

JohnsonC E. F., Waseca, Minn
M?llgry&Co Inc P.R., Indlmpolls

Melssner Mfg. Co., Mt. Carmel, Ili,
Millen Mfg. Co James, Malden Mm

Mliler Co.. J. W., Los Angeles

Mgmr Co., 1285 8. Mlchlnn ‘Av.,

Nation Co..Mnlden. Mass.

Po(t:tmr Co.. 1950 Sheridan Rd., N.
0

Slckles . F. W., Chicopes, Mass,

Solar Mfg. Corp., Bnyonne. 'N. J.
Te;qeu{’llc Eng. Corp.. 484 Broome,

CONDENSERS, Variable Receiver
Tuning

Alden Prods. Co,. Brockton, Mass.
An(:)ohr’lcnn Steel Package Co., Defiance,
D]

Barker & Williamson, Ardmore, Ps.
Bud Radlo, Inc., Cleveland, O.
C}rdw;}l Mtg. Corp., Allen D., Brook-
n, N,
yel‘a.l Inst. Corp., Ellzsabeth, N. J.
Hammarlund M. Co., 424 W. 34th Be.,

.of Amer.,L.I.City, N. Y.
Meissner Mfg. Co., Mt. Carmel, 11i.
Millen Mg o.. Mnlden Mass.
ht.lona.l 0,, Malden, Mass,

O‘(':‘m fe. do.. 1267 ‘Ciybourn Ave.,

Rndlo Oondenou' Co., Cunden. N.J.
Rauland Corp., Chicago, Ill.
CONDENSERS, Variable Trans-
mitter Tuning

Barker & Wililamson, nger Darby, Pa.
Bud Rndlo Cleveland
Card IMtx Corp., Allen D., Brooklyn,

N
Hn\l‘nmarlund Mig. Co., 424 W, 33 Bt.,
InluuneCor%or Amer., L.I.City, N. Y.
Waseca, Minn,

Johnson. E.
Millen M{g. Co., James. Malden, Mass,
anonnl ., Malden, M

Radio Condenser Co.. Camden, N. J.

CONNECTORS, Cable

Aero Electric Corp.. Los Anxolu. Calif.
Alradlo, Inc., Stamf ord Co

Alden Prods., Brockto!

Amer, Lglcrophono Co 19165 Western

Av, Angel
Amer. Phonollc Corp., 1836 8. 54th Bt.,
Chicago
Amer. Radlo Hdware Co., Mt. Vernon,
Andrew Co 363 E 75 8t Chicago

Astatlc Corp.. Youngstown, O.
Atlas Sound Corp., 1442 39th Bt.,

Brookiyn, N. Y,
Blrnbnoh Rndlo. 145 Hudson B8t.,
Broeze Mg . Newark,

Brush Develorment Co.. Clevellnd 0.

Bud Radlo, Cleveland, O

Cannon Elec. Development 3209 Hum-
boldt, Los Angeles

Dlamond Inst. (‘o Wakefield Mass

Eby, Inc. ugh H., Philadelphia

Electro Vo: Mfg. Co., South Bend,

Indla
l"‘rganlln Mfﬂ Corp., 175 Varick Bt.,

General Radlo Co,, Cambridge, Masa,
Ingh“m\slsmnce Co 401 N Broad St.

a8
Harwood Co., 5405 S. La Brea, Los

Angeles 36
InsullneCorp of Amer.,L.I.City, N. Y,
Jones, Howard B., 2432 W. Geofge,

Chicago
Mallory & Co., P. R., Indlanapolis, Ind.
Monowatt Electric Co., Providenoe, R. I.
Northam Warren Corp., Stamford,

Conn.
Radlo Clty Products Co., 127 W. 26 8t.,
Remler C|.g , Ltd., 2101 Bryant St., Ban
Sohon Co., W. L., 9306 Santa Monica
Blvd.. Beverly riunf %nlm.

Thive zv't‘
Universal lcropnone Co.. f.v.d Inzle—
wood,

CONTACT POINTS
Bralnln Co., C. 8.,
N. Y. C,
Callite Tu]lcfswn Corp., Unlon City,
Fanneelm etallurgical Corp.. N.
cago, IU.
M?Ilgry & Co., In¢.. P. R., Indlanapolis,

nd.
Wiison Co., H. A, 105 Chestnut B8t.,
Newark 5 N. J.

CORES, Powdered Iron
See IRON CORES, Powdered

COUPLINGS, fiexible
Cardwell Mtx Corp. Brooklyn. N Y.

233 Spring St.,
N.J.
Chi-

Johnson Co. . F., Waseca,
flOolnc460W34Bt
Milllen Mfg. Co., James, Malden, Mass.

National Co., Inc., Malden, Mass.

FM anp TELEVISION



CRYSTAL GRINDING EQUIPMENT

Cons., Dlamond Saw Blade Corp.,
Yonkers Ave., Yonkers 2, N.
Mtg. Co., Torrance, Cailf.

CRYSTAL HOLDERS

REC M Holllston, M
Howard m. %on. Counch Biutis, Ia.

CRYSTALS, Quartz
Afreraft Acousorles Corp., Funston Rd.,

Kansas Cit ans.
Bauu{l’ & Lomb Optical Co., Rocheater,

Bliley Elec. Co., Erle, Penna
Colllhs Radlo Co.. Codar Raplds, Iowa
Crylu(lnl:;od Co 1519 MoGee 8t.,

888 , Mo.
Cﬁnﬂlw Labs., Hmtord Conn
DX Crystal Co., 1200 N. Claremont,

Cmeq
Electronlo Research Corp., 800 W.
Washington Bivd., Chicago
MNWY Engineering Co., 37 Murray St.,
General Electric Co. Schenectady, N. Y.
General Radio Co., Cambridge, Mass.
H%rrvlcy-Wﬂu Communications,’ South-
Hennay Motor Co., Omahl. Nebr.,
Industries, ta Monica, Callf

Hlpower Crystal éo 2036 W Charles:

ton, Chicag:
Hunt&sou 0 C., Carlisle, Pa.
Jeﬂeﬂon Inc., Ray, Westport, L. L,
S, Sl oo, s o, O
) e James
gm Induairlu ohn i’lgmouth Ina.
er, A N. J.
) onltoerProd Co 8. Pasadens,
Calff.

Peterson Radlo, Council Bluffs, Iowa
Precislon Plezo Service, Baton Rouge,

La.
Premler Crystal Labs., 63 Park Row,
Qum: Laboratorles, 1512 Oak 8t.,
Kansas City, Kans.
“Yulitord Ave., Indianapo-

Radell Corp.
1is, [nd
. Co., Camden J.
ound’ Laba., 62 ‘W, 47 Bt..

RCA M
Reeves
N. C.
Radio Products Co., Council
Bluffs, Ia.
Jentl Radio Service, Hyattaville,

sundl.rd Pleso Co., Carlisie, Pa.

ula, Bollmon Mass.
Wahate M T., Peru, Ind.
Zelss, Inc., ll‘l 485!‘mh Ave., N.'Y.C.

DIAL LIGHTS
Ses PILOT LIGHTS

DIALS, Instrument

Barker & Willlamson, Upper Darby, Pa.
Crowe N‘lme Plau Co., 3701 Ravens-

Oenoral Radlo Co“%l.mbrldlze. Mass.
Olu oldl.nz Corp., 4600 Huron Bt

Oocrdon Spec Co 823 8 Wabash Ave
Mica fh.sgul Co., 198 Varick S{{ N.Y.C.

N‘atlonsl Co., Inc., Malden,
R(gm Bros., 2003 8. Michigan Ave.,
hicago

DISCS, Recording

Advance Rmrdln§ Products Co., Long
Isiand City, N.
Allled Racordlgf Products Co., Long

Island City. N.
Audio Devloes, Inc. I600B v:%'.V Y.C.

Federal Recorder Co., El d.
Gould-Moody Co., 395 B way, N. Y. C.
Pllot Radio Corp., Long Island City,

N. Y.
Prgto Recording Corp., 242 W. 556 8t.,
RCA Mtg. Co., Camden, N. J.
Wilcox-Gay Corp Charlotte, Mich.
DYNAMOTORS —
See Motor-Generators, Small

ENAMELS, Wood & Metal Finish
Sullivan Varnish Co., 410 N. Hart 8t.,
Chicago 22
ETCHING, Metal

Crowe Name Plate & Mfg. Co., 3701
Ravenswood Ave., Chicago
Etehed Prod. Corp., 39—01 Queens Bivd.,
Long Island City. N
Premler Metal Er.ehh(:}gl Co., 21-03 44th
Ave., Long Island City, N. Y.
FACSIMILE EQUIPMENT

Alﬁn Products Co., Inc., Brockton,
Bunnell' & Co., J. H., 215 Fulton,
N. Y.

Faximile, Inc., 730 6th Ave., N. Y. C.
Feget;l Tel. & Radlo Corp Newark,

Finch Telocom Inc Passalc, N. J.
Press Wireless, In

1476 B'way. N. Y. C.
R.C.A. Mfg. Co Cl.mden. N.J.

FASTENERS, Separable
Camioc Fastener Co., 420 Lexington

Ave., N. Y. C.
Shakeproot, Inc., 2501 N, Keeler Ave.,
Chicago

FELY
Amer. Feit Co., Inc., Glenville, Conn.
Western Felt Works, 4031 Ogden Ave.,

FIBRE, Vulcanized
Brandywine Fibre Prods. Co., Wilming-

ton, .

Continental-Diamond Fibre Co., New-
ar 5

Insulstion Mtzrl Corp., 665 W, Wash,

Bivd., Chleag
oalnsulltorCo 19§ Varick, N. Y. C.
., Wilmington,

Na’;':lvmcmlnd Fibre
Spﬁ_uh;l( Fibre Co., Inc., 233 B'way,
Taylor Fibre Co., Norristown, Pa.
wi Fibre ) Co., Wil-
mington, Del
FILTERS, Electrical Noise

Bendix Aviation Corp., Pacific Div.
11600 Sherman Way. iv Hollyw

Com. Equlp. & Eng. Arnlde
Ave., Chicago

Corneli-Dubilier Elec. Corp. BSouth
Plainfield N J

General Electric Co Schenecudy N.Y.
Mnllory & Co., Inc., P. R, Indianapolis,

Ind.
Miller Co., J. W., 6917 8. Main St.,
Loe Angéles
Solar Mfg. (_;orp., 285 Madison Ave.,

N.Y.C.
Tobe Deutschmann Corp., Canton, Mass.

FINISHES, Metal

Alrose Chemical Co., Providence
Alll.l,mlnum Co. of America, Pmairurxh

Ault & Wiborg Corp., 75 Varick, N. Y. C.
Hilo Varnish Co “Brooklyn, N.Y.

Maas & Waldsi bo Newark, N. J.
New ernkle. Inc Da; [0
Bulllvan V. Xlo"iv Hart 8t.,
Chieago 22
FREQUENCY STANDARDS,
Primary

General Radlo Co., Cambridge, Mass.

FREQUENCY STANDARDS,
Secondary
Amer, Time Produota, 580 Fifth Ave.,
N.Y.C

onrg'er'Co'.. Fred E., 43 E. Ohlo St.,
0
General iudlo Co. Clgl‘lbrldxe 39 Mass,

Hewlett-Packard Clllt
Higgins Industries, Inc. 2221 arwick
Ave., Banta Monica,

James knlgm.s Co Slndwlch n
Millen Mfg. Co., Inc., Malden, Mass,

FUSES, Enclosed
Dante Elec. M Co Bantam, Conn.
Jefferson Elec. Bellwood, 111,
Lt uefuse Inc., El ‘Monte, Calif.
GEARS & PINIONS, Metal
Conti‘lnenm-Dhmond Fibre Co., New-
ark, 5
Crowe Name Plate & Mfg. Co., 3701
Ravenswood Ave,, Chicago
Oearcmsmclslzles. Inc., 2650 W. Medill,
cago
Perkins Machine & Gear Co., Spring-
field, Mass.
Qunker City Gear Wks., Inc., N. Front
Thompson Clock Co., Bristol, Conn.
GEARS & PINIONS, Non-Metallic
Brandywine Fibre Prods. Co., Wiming-
ton, Del

0. 0
Formica Insulation Co., Cincinnati, O.
Gear Bpeclalties, Inc., 2650 W. Medill,

Ch (]
General Electric Co., Pittafield, Mass.
Mica Insul, Co., 196 Varick St.. NYC
National Vulcanized Fibre Co.,
mington, Del.
Pcr:llu&hcmne & Gear Co., Bpring-
Richardson Co., Melroge Park, Ili.
Fibre Co., Inc., 233 B'way,

Spluh{,l

Synthane Corp., Oaks

Taylor Fibre o N‘orrlatown. Pa.

wilmington Fibre Speciaity Co., Wil-
mington, Del.

GENERATORS, Beat Frequency
Boonton Radio Corcp Boonton N J
General Radio Co Cambridge Mass

GENERATORS, Electronic AC
Communication Meas. Lab., 118 Green-

wich 8t.. N. Y. C.
GENERATORS, Gas Engine Driven

Hunter-Hartman Corp., 8t. Louls, Mo.

Kato Engineering Co., Mnukno Minn.

Leland Electric Co Dayton O

Omm & Sons, Royalston Ave., Minneap-
0!

Ploneer Gen-E-Motor, 5841 W. Dickens
Ave., Chicago, IL.

GENERATORS, Hand Driven
Burke Electric Co., Erle, Pa.
Ca&a}e‘r Motor Co.. 1608 Milwaukee,
Chicago Tel Supply Co., Elkhart, Ind.

GENERATORS, Standard Signal

Boonton Radio Corp., Boonton, N. J.
Ferris Instrument Co., Boonton, N. J.
General Radio Co., Cambridge, Mass.
Hewlett-Packard Co., Palo Alto, Calif.
M Corp.. B N7J.

GENERATORS, Wind-Driven,
Alrcraft
Gelt,:en.l Armature Corp., Lock Haven,

August 19456 — formerly FM Rapio-ELECTRONICS
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Make Plans Now . .
for the coming PLASTIC ERA

Consult ROGAN

Here af Rogon, d engi s are ready ond willing to
assist you in determining your post-war plostic requirements,
Whether your peacetime products are to include electronic
equipment, electrical appliances, stoves or what have you, the
Rogan Organization will gladly provide cost-free advice on
all phases of plastic production.

Send Us Your Specifications Today |

ROGAN BROTHERS

Compression Molders and Branders of Plastics
2000 So. Michigan Avenve CHICAGO, ILLINOIS

MOVING AIR --

15 CUBIC FEET A MINUTE
ONLY 2%’ OF SPACE NEEDED

The blower illustrated, No. 1}2*, is one of many blower models
manufactured by the L-R Mig. Div. with C.F.M.'s at 8000 R.P.M.
ranging from 15 to 270. These blowers will outperform many
larger and heavier types formerly in use and where size and
weight are factors, they are the answer to cooling problems pre-
sented by electronic tubes or circuit components in airborne
communication units as well as in many industrial applications.
*WEIGHT: 2 oz.; CAPACITY: 15 C. F. M. at
8000 R. P. M.; CONSTRUCTION: Housing of
high impact phenohc plastic. Wheel is turbo-
type cadmxum-plated steel; SIZE: 25" leng
x 61/64' wide x 215" high.

L-R MANUFACTURING DIVISION OF

— = NN =

2, NEW LITCHFIELD STREET
TORRINGTON, CONNECTICUT
e Y e e e M




GLASS, Electrical
Corning Glass Works, Corning, N. Y.

GREASE, for Electrical Contacts &
Bearings
Royal Engl Co. (R G .
ogu nfn%?el:ngx 0. {Royco Grease)
HANDSETS, Telephone

Automatic Electric Co., 1033 W. Van
Buren, Chicago

Stromberg-Carison Co Rochester N Y

Unlversal Microphone Co.. Inglewood

Western Electric Co.,195 B'way, N. Y. C.

HEADPHONES

Brush Development Co.. Cleveland, 0
Cannon Co,, F., E}prlm;wnt,er N.
Carron Mfg. Co., 415 8. Aberdeen

Chicago
Co(l:lnectlcut Tel. & Elec. Co., Meriden,
Consolld:ted Radio Prod. Co., W. Erfe

8t., Chicago
Elec. Ind. M!g. Co., Red Bank, N. J.
hellogf %wltchboard & Supply Co.. 6650
cero Ave., Chicag.
Murdock Mtg. Co., Chelsee
Permoﬂux Corp., W. Grand Ave Chl-

Telephonlea Corp., 350 W, 31St.,N. Y.C.
Telex Products Co M|nnea ils Minn
Tnmm Radlo Mrg. Co., 0 W. Ber-

Utéhmnadlo Prod Co., 842 Orleans St.,

HORNS, Outdoor

Altec Lansing Corp., 1680 N. Vine, Hol-
lywood 28

Gra:{bn.r Elet;’t Co., Lexington Ave. at

Jensen Hadio Mfg. Co., 6601 8. Laramle
Ave,, Chicago

Langevln Co37TWE5StNYC2

Operadlo Mtg. Co., 8t. Charles, Ill

Oxtord Tartak Radio Corp., 915 W. Van
Buren 8t., Chi
N.Y.C.

cago
Racon Electric Co., 52 E. 19 St.,
RCA Mfg. Co., Camden, N, J,
Unlverslta' Laboratories, 225 Varick St.,
INDUCTION HEATING
EQUIPMENT
lnductlon\fleétlnz Corp., 389 Lafayette

t..N. Y. C.
Lepel High Frequency Labs., 39 W. 80
&t N.Y. C.

INDUCTORS, Transmitter

Barker & Willlamson, Upper Darby, Pa.
Johnson Co. E. F. Waseca Minn

INDUCTORS, Variable Tuning

Barker & Williamson. Upper Darby, Pa.
Standard Winding Co Newburgh N Y

INSTRUMENTS, Radio Laboratory
Bngm;une Laboratories, Inc., Boonton,

Boonton Radlo Co?. Boonton. N. J.

de
Hewlen—Packarg Co Palo Alto Ct‘m

INSULATORS, Coromle Stond-off,
Lead-in, Rod Typu

America Lava Corp., Chattanooga, Tenn.
Corning Glass Workn Coml Y

Electronic Mechanlcs. Inc., Clifton, N. J.
Gen. JCeramlns & Steatite Corp, Keasbsy

lsolmtlu lnc Bellevllle. N. 8.

Johnson E. lseca. Minn,
Lup';() lnau.lator Co .
e

Mass

Mycalex Corp of Amerlca. Clmon. N.J.

Natlonal Co.. Inc., Malden, Mass.

‘m;,p:kon Cerami¢c & Mfg Co Latrobe
3

INTERFERENCE SUPPRESSORS
See FILTERS, Electrical Noise

IRON CORES, Powdered
Aladdin leo Industries, Inc., 501 W,
35 St., Chicago

(,rowley&Co Henry. W. Orange, N.J.
"of’m Corp, of Amer.., Hastings-on-

N.Y,
Genl Alz!llne Wks., 485 Hudson St.,
(‘lhaon Elec. Co., Pittsburgh, Pa.

Magner Mfg. Co.. Inc., 444 Madison
Ave., N. Y. C
Mallory & Co., P. R., Indianapolis, Ind.

Pyruterrie Co., 175 Varlek 8t., N. Y. C.
Stackpole Carbon Co., St. Marys, Pa.
Western Electric Co., 195 Broadway,

N.Y.C.
Wilson Co., H. A., Newark, N. J.

IRONS, Soldering

Acme Electric Heating Co., 1217 Wash-
ington St., Boston
Amer. Electrical Heater Co., 6110 Cass

Ave., Detroit
Drxke Izlt;ﬁ Wks Ine. 3656 Lincoln
ve.,
Elacmc Solderlng Iron Co., Deep River,
General Electric Co., Schenectady, N. Y.
Hexacon Eiec. Co., Roselle Park, N.'J,
Sound Equipment CorP of Calif., 6245
l.ex. Ave. Lo8 Angeles 3!

Ungar, Inc.,, Harry A., 6I5 Ducommun
wt., L.os Angeles 12

Electrical Mfg. Co., 4116 Avalon
Loe An(g;o
Lynn, Mass.

JACKS, Telephone

Alden Prods. Co., Brockton, Mass.
Amer, Molded Prods. Co., 1753 N.
Honore St., Chicago
Chl o Tel. S8upply Co., Elkhart, Ind.
1g. Co.. 1627 W, Wal-
nut St., Chicago
.I.C.,N. Y.

Insuline or% o{‘Amer o
yaseca, bDn.

Vasco
Blvd

Johnson, E
Jo?:es Howard'B., 2300’ Wabansia Ave.,

cago
Mallory & Co., Inc., P. R., Indlanapolis,

In
Mangold Radio Pts. & Stamping Co.,
6300 Shelbourne St., Philadelphia
M%lded Insulation Co., Germantown,

Presto llectric Co., Ubfon City, N. J.
Utah Radio Prod. Co., Orieans St..
Chicago

KEYS, Telegraph
Amerykadlo Hdware Co., Mt. Vernon,

Bunnell & Co.,J. 11,, 215 Fulton, N Y C
Mossman, Inc., Donaid P., 8133 N.

Northwest Hy., Chicago
Renler Co., Ltd.. 2101 RBryant B8t.,

n Franclsco
SlgnnlhElectrIc Mig. Co., Menominee,
Telce;.trnph App. Co., 325 W, Iluron St.,

Telephonics Corp., 350 W.31S8t.. N.Y.C.
WIlgsl:‘)w Co., Ine., Liberty 8t., Newark,

KNOBS, Radio & Instrument

Alden Prods. Co., Brockton, Mass
Amerlcan Insulator Corp.,’ New Free-

dom,
Chlcago Molded Proda Corp., 1025 N.
Kolmar, Chicag:
General Radlo Co Cambridge, Mass,
Glts Moldlnz Corp., 4600 Huron St.,

Chlcag
(‘ordnn Speo Co 823 8 Wabash Ave
lm‘gerlal Molded Prods Corp., 2921 W,

Kurtz Knsch Inc l)nyton 0.
Mulory&Co lnc P. R., Indianapolls,

ind.

Milllen M1g. Co., Jamea Mnden Mass.

Nat'l Co., Ing.,

\onheasurn Moldlnz, lnc 584 Com-
monweaith Ave., Boston 15, Mass

Radto City Products Co., 127 W. 26 St.,

Geperal Elec, Co., Schenectady,
Indiana Steel Prod Co., 6 N. Mlehlzm
Ave., Chicago. Ili.
Thomas & stlnnar Steel Prod. Co., Inal-
anapoils, Ind.
MAIL ORDER SUPPLY HOUSES
See listing at head of Directory

MARKERS, Wire Identification
Brand & Co., Wm., 276 4th Ave.. N.Y.C.
Ir\‘r&ng“ton Varnish & Ins. Co., lrvlnzton
Mlnn Mining Co., 155 Sixth Ave.,

Ntl Vn.rnlshed Prod. Corp.., Wood-
bridge, N. J.

MARKING MACHINES, Letters,
Numbers
Marken Machine Co., Keene, N. H.

METAL, Thermostatic

Baker & Co., 113 Astor, Newark, N. J.
C. 8. Bralnin'Co., 20 VanDam, N. Y, C.
Clgltg Tungsten Corp.. Unfon’ City,

Chace Co., W. M., Detroit, Mich.
Metals & Controls Corp., Attieboro,

Masa.
Wllslonb(ljoj. H. A., 105 Chestnut, New-

METERS, Ammeters, Voltmeters,
Small Panel

Cambridge Inn Co., Grand Central
Terminal, N. Y. C.

De Jur-Acho Corp., Shelton, Conn.

General Electric Co.. Bridgeport, Conn.

Hickok Elec. Inst. Co., Cleveland, O.

Hoyt Elec. Inst. Worka, Boston, Mass.

J-B-T lnstrumem.s Inc New Haven

l\lnrhm klect. Inst. ("o, Manchester N 1
M B Mg, Co. Inc Dodge Ave East Haven

Conn
McClintock Co., O. B.,
Minn.
Norton Elect Inat Co Manchesater Conn
te Meter Worka, Bluffton, O.

eadri
Rollerémlth Co Bethlehem, Pa.
gson ec. Co., 5218 W. Kinzle,

Tnplen Elec Inst. Co., Bluffton, O
Westlnuhou.se Elec. & M1g. Co., E. Pitts-

Pa.
Weatgn Elec, Inst. Corp., Newark, N. J.
Wheelco 1nst. Co., 847 W, Harrison St.,

Minbeapolls,

N. Y,
Rogan Broe., 2001 8. M Chl

LABELS, Coding

Western Litho. Co., 600 E. 2nd, Los
Angeles

LABELS, Removable
Avery Adhesives, 451 3rd St., Los Ap-

eles
Wgstern Litho. Co., 600 E. 2nd, Los
Angeles

LABELS, Stick-to-Metal
Ever Ready Label Corp., E. 25th 8t.,

Tablet & Ticket Co., 1021 W. Adams St.,
Chicago

Western Litho. Co., 600 E. 2nd, Los
Angeles

LABORATORIES, Electronic

Browning Labs., Inc., Winchester, Mass,

Elelstr‘o’né Corp. of Amer., 45 W. 18 8t.,

Hazeltine Electronlea Corp., 1775
B'way. C.

Sherron Meulllc Corp.. Flushing Ave.,
Brooklyn, N. Y,

Worner Electronic Devices 609 W Lake
8t Chicago 22

LACQUERS, Wood & Moetal Finish
Sulllvan Varnish Co., 410 N. Hart St.,
Chicago 22

LOCKWASHERS, Spring Type
Nati. Lock Washer Co., Newark, N.J.

LUGS, Soldering
Clneh Mtg Lorp W Van Buren St Chicago

Dante Elec. M{g. Co.. Bantam, Conn.
Ideal Commutator Dresser Co., Syca-
more, Ilt.
Tlsco Copper Tube & Prods., Inc., Sta-
tlon M, Cincinnat!
Krueger & l{udepohl Third & Vine,
Pas Cinclnnati

-Mncduyer Co., 17 Virginia Ave.,
Prov ence, R.
Sherman Mlg Co., . Battle (‘reek Mich.
Zleﬂck Mfg. Co., 385 Girard Ave..
Bronx, N. Y. C.
LUGS, Solderless
Alrcrnn Marine Prod., Inc., Harrisburg,
Bu;xndy Eng. Co., 107 Eastern Blvd.,
Thomas & Betts Co., Ellzabeth I, N, J.
MACHINES, Impregnating
8tokes Machine Co., F. J., Phila., Pa.
MACHINES, Scrowdriving
De'.rf)n Power Screwdriver Co., Detrolt,

Stnnley Toot Dlv. of the Stapley Works,
New Britain, Conn

MAGNETS, Permanent

Arnold anlneerlng Co., 147 E. Ontarlo
8t., Chlcago

METERS, Frequency

Andrew (‘o 363 I 75 St Chicago 9
Bendix Radlo, Towson, M

Browning Labs., Inc.. Wincheater, Masa.
Daven Co 191 Central Ave Vewuk NJ
General Radlo Co., Cambridge, Mass.
Higgins Industries, Inc. 2221 Warwick
B lQve..Sxmtn Monlea, C

Lavole Laboratories, ‘\iorganvllle. )4 J.
Lipk, F. M., 125 W. llSt .N.Y.

alips
North Amer. Phill

N. J.
Co., Inc., 419
Fourth Ave., N.
Radlo Corp. of Amer Camden NJ

METERS, Q
Boonton Radlo Corp.. Boonton, N. J.

Instruments Inc N‘ew Haven

METERS, Vacuum Tube Volt

Ballantine Labs. Ine, Boonton, N J.
Barber Labe, 34-04 Francis Lewls Bivd
Flushing N Y
Ferris Instrument Corp.. Roomon N J.
Generai Radio Co., Cambridge,
Hewlett-Packard Co., Palo Ano (,aur
Measurements (‘orp., ‘Boonto on, N.
RagloyCl(t:y Products Co.. 127 W. 26 Bt..

METERS, Vibrating Reed

Biddle, James G., 1211 Arch St.. Phila.
J-B-T Instruments, Inc., New Haven 8,

Conn.
Triplett Elec. Inst. Co.. Bluffton, O.

MICA

Brand & ("0, Wm. 276 Fourth Ay N Y C

Fo[l;(illeo &YMIca Corp., 538 63rd 8t.,

lnaulntlon Mturs. Corp., 565 W, Wash,
Blvd., Chleago

Macallen Co., Boston

Mica Insulator Corp f96 Varick N Y C

lehgll Ran% Insulation Co., 51 Mur-
ray

New Fnuland Mlcn Co., Waltham, Mass.

Richardson Co.. Melroge Park, Ili.

MICROPHONES

Amer Mlerophione Co., 1015 Western
1.os_Angeles

Amperlte Co., ’-Gl B'way, N. Y. C.

Astatlc Corp.. Youngstown, O.

Brush Development Co.,, Cleveland. O.

Electro Volce Mg, Co.,South Bend, Ind.

Kellogg Switchboard & Supply Co.,
8650 8, Clcero, Chicag

Pmlmor%Mn: Co., l|3 Unlverslty PlL,

Permoflux Corp., 4916 W. Grand Av..
Chicago

Radio Corp, of Amer., Camden, N. J.

Ra(:‘i;.o Speakers, Inc.. 221 E. Cullerton,

“hicago
Rowe Industries, Inc., Toledo, O.
Shure Rros,, 225 W. Huron St., Chicago
TelephnnImCorp 350 W, 11 N.Y.C.
Turner Co.. Cedar Ra; Ap!
['nIanml Mtcrophone Co..

lnl!lewood

MONITORS, Frequency

Dootittle Radio Inc., 7421 8. Loomis
Bivd,, Chiecago,

Generai Etectric Co., Schenectad

General Radio Co., ambrldge {d

RCA M1g. Co., Camden, N. J.

MONITORS, FM
Doo;:'me Radlo Inc 7421 8 Loomls Blvd

Chicago
General Eiectric Co Schenectady N Y

MOTOR-GENERATORS, Rotary
Converters
Allance Mtz. Co,, Ql!ll-nce 0.
b o

waon, Md.
Rodine Flee. Co., 2262W ‘Ohlo, (‘hlcuo
Cart:lr Motor Co.. 1608 Milwaukee,

Chlcago
Clements Mfg. Co.. Chicago, Ill.
Continental Flectric Co.. Newark, N. J.
Deico Appliance, Rochester, N. Y.
Diehl Mfg, Co., I‘Ilubethpon N.J.
Dormeyer Co., Chicago, 111,
Eclipse A viation, Rendlx N.J.
Elcer, Inc.. 10R0 W Adams, Chicago
Electric Indieator (o., Stamford. Conn.
Electric Motors Corp.. Racine, Wis,
Electric Speclalty Ca,, Stamford, Conn.
Electrolux Corp., Old Greenwich, Conn.
Eureka Vacuum Cleaner. Detroit, Mich.
General Armature Corp.. Lock Haven,

Pa,
General Electrie Co..Schencctady, N. Y.
Jngr}l‘elne Mg, Co.. 558 W. Monroe,

Knapp-Monarch, 8t. Louls, Mo

Leland Electri¢ Co.. Dayto

Ohlo Electric Co., 74 Trlnlty Pl.. 'N.Y.C.

Pioneer Gen-l-)-Motnr 5841 W, Dickens
Av., Chlcag

Redmond Co.. A. G., Owosso, Mich.

Russell Co., Chicago, Ill.

s:rg}!.Il Motorn, Inc., 1308 Elston Ave.,

cag:
Webeur (‘o Chleago, I1I.
W%r;.ster Products, 3825 Armitage Ave.,

Wesz:‘nghnune Flect. M1fg. Co., Lima, O.
Wincharger Corp.. Sloux City, lowa

MOTORS, Very Small Types
Eastern Alr Dlsvl‘t‘:’es Inc., 585 Dean St.,

Bklyn.

Kollsmnn Instrument Div., Elmhurat,
Long Island,

Utah Radlo Pr od Co.. 842 Orleans St.,
Chicago

MOUNTINGS, Shock Absorbing
Gen, 1‘Ire & Rubber Co Wabash Ind
Lord M1g. Co..

PIerr‘e-Roberm (‘o Tren N.J.
Robinson Aviation, Inc 730 Fitth Ave

CC 19
u. S. Rubber Co., 1230-6th Ave..N.Y.C.

MYCALEX
Coxenlal Knlonlte Co..2212 W. Armitage

Electronle Mechanles. Inc Clifton Blvd
Clifton N J

General Electric Co.. Schenectady, N. Y.

Intl Products Corp Baltimore 18 Md

Myecalex Corp. of Amer., Cilfton, N. J.

Precislon Fab, Inc Rochester N Y

NAME PLATES, Etched Metal
See ETCHING, Metal

NAME PLATES, Plastic
Crowe Name Plate & Mm Co., 3700
anenawood Ave.. Chleag
p Press, Inc., 460 W, 348: N. Y. C,
Pa.rl-lan Nnveny Co., 3502 S. Weatern
Ave., Chicag
\lrglnln Pla': Co 270 Madison Ave,,

NICKEL, Sheet, Rod, Tubes

Eagle Metals Co., Seattle, Wash.
Pacl:lﬁr Metals Co.. Ltd.. San Francisco.

C
‘*t.eel Sﬂw Corp 3348 8 Pulaski Rd Chi-

Tull etnl & Su Bry Co Atlanta, Ga
ngtel]lsa%_Met Co..303 W. 10th

t.. N. Y. C.
Willlams and Co., Inc., Pittsburgh, Pa.

NOISE FILTERS

See FILTERS. FElectrical Noise
NUTS, Self-locking
Boots Alreraft Nut Corp.,
Conn.
lI§Iastlc Stop Nut Corp., Unlon. N.J.

ut Co., Inc., lrvlmnon J.
it;ndnrd?re;sed Steel Co., Jenkintown,

New Canaan,

OSCILLATORS, AF
General Radio Co., Camhridge,
lewlett-Packard Co., Palo Alto, Cuu
Jackson Electrical Inst. Co., Dnyton 0.
OSCILLOSCOPES, Cathode Ray
Du M:}n Lst:‘omtonea. Inc., Allen B..

Passale, N
General Efectric Co., Schenectady, N. Y,
General to Co., Cambridge, Mass.

Millen Mfg. Co., Malden, Mass
Pnlsor\n’méc Radio Corp., 242 W. 55 St..

RCA Mg, Co.. Inc.. Camden, N. J.

Radio City Products Co., Inc.. 127 w.
28 8t.. N. Y. C.
Sherron Klectronfes (o 1201 Flushing

Ave Bkiyn 6
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OVENS, Industrial & lcborc'ory
General Elec. Co.. Schen ly
Trent Co.. Harold E.. Phllnde phla

PANELS, Metal Etched

(See Etching, Metal)

PANELS, Phenolic, Cast without
Molds
Creative Plastics Corp., 963 Kent Ave.,
B'klyn. N. Y.

PHONOGRAPH RECORDING
BLANKS
See DISCS, Recording

PHONOGRAPH RECORD PLAYERS
See TURNTABLES, Phonograph

PILOT LIGHT MOUNTINGS

Alden Prods. Co., Brockton. Mass
Aull;erRadlo Hdware Co. ., Mt., Vernon

Dial Light Co. of Amer.,90 West, N. Y.C.
Dl‘(&tl:e Mtg. Co., 1713 W, Hubbard,

General (‘omrol Co Cambridge, Mass.
Gothard Mfg . Springfeld, 11,
Herzog Mlnlature Lamp Works, 12-19
Jackson Av., Lomz Istand City, N.Y.C.
Kirkland Co.. H. R., Morristown, N. J.
Mallory & Co.. P. R.. Indianapolis. Ind.
Slx)lzulv Iné!lcntor Corp., 140 Cedar St.,

PHOSPHOR BRONZE

American Brass Co., Waterbury, Conn.

Bunting Brass & Bronze Co., Toledo, O.

Driver-Harris Co.. Harrison, N. J,

Ph‘;)sl%l.\:l)r Bronze Smeiting Co., Phila-
€l

Revere Copper & Brass, 230 Park Av.,

Seymour Mfg. Co., Seymour., Conn.
PLATING, Metal on Molded Parts
Metaplast Corp., 205 W. 19 St., N. Y. C.

PLATINUM
Sigmund Cohn & Co 44 Goldt St N Y C

Wilson Co., . A., 105 Chestnut St.,
Newark 5. N. J.

PLUGS (Banana), Spring Type
Amer, Radlo 1I'dw're Co., Mt. Vernon,
Blrnbt‘;{ch Radlo Co.. 145 IIudson St.,

Eastman Kodak Co., Rochester, N, Y.
Eby. Inc., Hugh 1., Philadelphia, Pa.

Fr;znk‘lzln Mtg. Corp., 175 Varick 8t.,

General Radio Co., Cambridge, Mass.

Johnson Co., E. F., Waseca, Minn

M?llory & Co., Inc., P. R., Indlanapolls,

nd.

Ucinite Co., Newtonville, Mass,
PLUGS, Coaxial

Andrew Co 363 E 75 St Chicago 19
PLUGS, Miniature Battery

Intl. Resist. Co 429 N Broad 8t Phila 8

PLUGS, Telephone Type

Alden Prods. Co.. Brockton, Mass.
Amal‘. }tadlo Television Corp 476 Bway

3
American Molded Prods. Co.,

1753 N.
Honore. Chicago
Chicago Tel Supply Co.. Elkha.rt Ind.
Guardlan Elec. Mfg. Co., 1400 W ash,
Blvd.. Chlm
Insuline Corp, ot Amer L.I Cuy. N.Y.
Johnson Co . Waseca, M|
Jones, H. 2300 ‘Wabansia, (‘hlcago

mlulgry & Co.. Inc., P. R. . Indlanapolis,

Rerﬂler Co., Ltd., Bryant St., San Fran-
clsco

Trav-Ler Karenola Corp., 1030 W, Van
Buren St.. Chicago 7

Utah Radlo Prod., Orleans 8t., Chicago

PLYWOOD, Metol Faced

Haskelite Mfg. Corp.. 208 W, Washing-
ton St., Chicag

POINTS, Contact
See Contact points
PUMPS, Dry Air
Andrew Co., 363 E. 75 St., Chleago, 19

QUARTZ, Rods, Tubes, Plates
Hn&m}lll Chem. & Mfg Co Newark 5

RACKS & PANELS, Metal
See STAMPINGS, Metal
RADIO RECEIVERS & TRANS-
MITTERS
Abbott Instrument, Inc., 8 W, 18 St.,
Y.C.3

\dmlrnl Corp Chicago Il
Alr Assoclates, Inc., Los Angeles

Alr Communlcnlona. Inc 2233 Grant
Ave., Kansas Ci

Alr King Products (Z,o 1523 63rd Ave. .
Brooklyn, N.

Alﬂum& Marine Inst., Inc., Clearfield,

Andrea Radio Corp., 43-20 34th St.,
Long Island City, N, Y.
Amplex Engineering, Inc., New Castle,

Ansley Radlo Corp 2110-49th Av L I
Argmu‘n Electric Co., 116 Broad St.,

Automatic Radlo Mfg. Co., 122 Brook-
line Ave.. Boston, Mass

Bassett, Inc Rex Ft. Lauderdale, Fla.

Belmont Corp..” 5921 Dickens

ve..Chl
Bendix Avlnlon Corp., Pacific Dlv,
11600 Sherman Way, N. Hollyw:
Bendix Radlio. Div. of Bendix Avhllon
Corp., Baltimore, Md.
Boes (,o The W. W,_, Dayton, O,
Brownlng Lnborn'.orlea. Ine., Winchester,

Bunnell & Co., J. H., 215 Fulton 8t.,

Burnett Radio Lab., 4814 Idaho 8t.,
San Dlego, Callf.

Coliins Radio Co Cedar Raplds I

Co'l‘?nlnl Radlo Corp., Rmo st., Buﬂalo.

Ccfm. I':.qulp Corp 134 W Colorado St
Pasadena Callf
Col‘r‘linmunlcntlonsCo .Inc.,Coral Gables,

Conn. Tel. & Elec. Co., Meriden, Conn.
Continental Radio & ‘l‘elev Corp 3800
. Cortland St., Chicag
Cover Dual Signal stwms. Inc., 125 W,
Hubbard St., Chicag:
Crosley Radio Corp., Cinclnnatl
Forest Lal i.ece, 5106 Wilshire
deBlvd.. .os Angeles
Delco Radlo. Kokomo, Ind.
Decrloln Corp., 1501 Beard Ave., Detrolt,
M

De Wald Radlo Mfg. Corp., 436 Lafay-
ette St.. N. Y. C,

Dlgtnghnéw Corp., 420 Lexington Ave.,

Doolittle Radlo Inc., 7421 8. Loomis

Blvd., Chicago. 36

Du‘wgnt L.abs.. Inc., Allen B., Passale,
N.J.

Echophone Radlo Co., 201 E, 26 St.,
Chlecago

Ecksteln Radlo & Telev, Co., Inc., 1400
Harmon Pl., Minneapolis, Minn.

Flecll."lcm Ind. Mfg. Co., Red Bank,

Flert Research Lab Inc Evanston Ill,
Communications Co., 36

Alreraft Accessories Corp.. Fu Rd.,
Kansas City, Kans

Afreraft Radio Corp ‘Boonton, N. J.

Alreraft Radio oFﬁulg C orp.. 6244 Lex.
Ave., Hollyw:

. W. B'way, Portland, Ore.
El;zctmnlc Corp. of Amer., 45 W, 18 St.,

nic Speclaity Co., Glendale,Calif.

m 1o

Emerson Radio & Phone Corp., 111
8th Ave., N. Y. C.

Ereo Radlo Labs. Inc Hemgs NY

Espey Ml’siCo Inc33 W48t N Y C

Fada Radlo & Elec. Corp, 3020 Thom-
son Ave.. Long Island City, N. Y

Farnswortih Tele. & Radlo Corp.. Ft.

len 1, Ind.
fcs Div., 209 Steud

Federal
8t..B ’klyn N Y.
Fegen & Radlo Corp., Newark,
Finch ’rl;elocommunluuom Ine., Pas-
th "Research Lab., Palo Alto, Calif.
oote Plerson & Co Inc 75 Hudson St
Newark 5N J
FriredYdelo Corp.. 200 ITudson St.,
Guv}lln ‘Mfg. Corp., 4545 Augusta Blvd.,

Ch!
Garod R.ndlo Corp., 70 Washington St..

B’klyn
Gates Rldlo & qunpl Co.. Quincy, 1.
General Communication Co.,68] Beacon
.. Boston, Mass,
General Electric Co.. Schenectady, N. Y.
General Telev. & Radlo Corp., fuo N.
Homan Ave.. Chicago
Gibbs & Co., Thomas R., Delavan. Wis.
Gtinilen Bro Broa., Inn} 1815 Venice Blvd.,
ngeles, Call
Girdler Col Loulavllle. Ky
Gny Ml’( ., Hartford, Conn.

C
Halllframn Co., 2611 Indiana Ave.,
Hal:mad grnmc Com, Corp., 155 E. 44
H;&nll‘}o%mlo Corp., 510 Sixth Ave.,
Hn)l:nu‘llnramd Mtg. Co., 460 W, 34th St.,
Harrel, D. H,, 1527 E. 74 P1., Chicago
Harvey Machine Co.. Ine., 6200 Avalon
Blvd., Los Angeles
Harvey Radlo Labs, Ine., Cambridge.
Mass.
H.r&vey-Wella Com., Inc., Southbridge,
888,
Ha‘vulgl’ne Electronics Corp., Great Neck,
Herbach & Rademan Co., 522 Market

St.. Phila.
Higgins Induﬂtﬂm, Inc., 2221 Warwick

Ave., Santa Monlca, CCalif.
Hoﬂmnn Radio Corp 3330 8 Hlll 8t Los
Angeles

Hollywood Electronics Co., 800 Sunset
Blvd.. .08 Angeles

Howard Radto Co.. 1731 Beimont Ave,
Chicago

Howard Pacific Corp 923 N Western Av
Los Angeles

Hudson Amer Corp 25 W43 St N Y C
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Ingl Detrola Corp Beard & Chatfield Sts
Detrolt 9 P

Jeferson, Ino.. Ray,

Jeflerson-’ Tr&vllylhﬂ Corp ;245
rdg 1400 Harmon P1., Min-
Keénme Ltbl.. 1809 N. Ashland Ave.,

Ino lell.

Lewyt CW

Link, ¥, 125w " . C.
be,, Ine,, S e, Conn.
0X Co In dluupo , Ind.
Majestic Radlo & Tel. Corp., 2600 W. 50

Moﬂroy% Corp., Brookline Ave.,
Menm C . 381 W, 38 8t., Los An-

uelnnor Mfg Co Mt Clrmol I

Io( ‘orp., Cinetinnatf, O.
mllon . Inc,. Malden, Mass.
. .y lne Mald

jen, Mans,
Sparks Ind. Inc., Columbus, Ind.
N %thyAzéJu' Phlllpl Co.. 100 E. 42 8t.,

Operadio Mtg. Co., 8t. Charles,
Packard Bell Co 1115 8 Oak St Los

Angeles
Pnlnzor;mlo Radio Corp., 245 W. 55 8t.,

Phileo Corp., Tioga & C Sts., Phila,

Philharmonic Radio Corp., 216 Willlams
8t.,N.Y.C.

Plerson-DeLane, Inc., 2345 W, Wash-
ington Blvd., Lo- Angeles

Pllot Radio Cofp., L. L. Clty, N. Y.

Poévmcll-:lootrCoon!o ‘& Communication

0. en
Mmu Tube Co., 3628 Terrace St.,
3.
Press erolou. Inc 1475 B'way N Y C
Rﬁoﬂon odl\icu Inc., 1142 8, Wall,

Radlo Corp. of Amer., Camden. N. J.
MCh‘I, Craftsmen, 1340 8. Mich, Ave.,
RudloEnzlnoerlnz Labs LICRYy N Y
RMNloJ Frequency Labe., Inc., Boonton,

Radio M{g. Englneers, Inc., Peoria, .
Baé!lom ne Corp. of Amer., 75 Variek

6.,
Ragloymptor Co.. Inc., 251 W. 17 Bt.,

Radio Transceiver Labs., 86-27 115th

8t., Richmond Hlll

Remier Co Ltd 2 01 Bryant 8t San
Franclsco

Richardson-Allen Corp., 15 W. 20 8t.,

Rm;slllll Co., Raymond, 32 & Walnout Sts.,
a.

Rauland
Banborn Co., Cmbﬂltfze 39, Mass.
Schuttig & Co, Kearny Sta.,

Washington, . C
Boot:o(l,lulo ubls. Inc., 4450 Ravens-

A Chl
Seoburs Lorn J. P., 1600 N. Dnyton

1o
eu-c Llomc 2233 Unlveﬂit!
Ave., St. P: ul M

8mith Co,, Maxwell, 1027 N. Highland
Avo.. Hollywood. Caltt,
ra Radio a 'l‘olev ‘Corp., 325 N.

Hoyn 8 Ave.

cago
Spl.rxa-wnhlnnon Co ., Jackson, Mich
8perry Gyroscope Co Gnmen CityNY '
Bpen Ine., Cinclnnati, O
Stewart-Warner Corp..
Pkwy., Chicago
8trom -Carison Co., Roches!
Tech. Badlo Co 275 Oth 8t Bm
Templetone Radlo Co.
'rmﬂsnamﬁ &" 345 Hua-
son
Trav-Ler Karenola Ca'n 1030 W Van
Buren 8t Chicago
Unéud Cinephone Corp Torrington
onn
Warwick Mfg. Corp., 4640 W, Harrison

t., Chioago
Watierson ludlo Mftg. Co., 2608 Roes

1826 Diversey
N Y.

Ave., Dallas, Tex.

Waugh' Laboratories, 420 Lexington
Ave. N.Y.C.

Western Electric Co 195 B'way N Y C

Westinghouse Elec. & Mfg,. Co., Wilkens
Ave,, Baltimore, Md.

Wilcox” Electric do 14th & Chestnut
8ts., Kansas Cit;

o
Wlloox te Mich
R.uflo Corp., 6001 Dlokou Ave.,
chlmo. n.

RECORD CHANGERS

Ses TURNTABLES, Record
RECORDS, Blank

Ses DISCS, Recording

RECTIFIERS, Metallic Current

Benwood Linse Co,, 8t. Louts, M
Continental Elec. Co., 903 Morohl.ndlu
Mart, Chi

Elootronlcu lc.:gs.. Indianapolls, Ind.
Fansteel Metallurgical Corp., N. Chi-

©Ago, m.
Feg‘eral Tel. & Radlo Corp Newark 1

Genen.l Eloo'.rlo Co., Bridgeport, Conn,
Grecn . Co., Inc,, 130 Cedar 8t.,

Mlll . Indianapolis, Ind.
‘:Hu Wlndlnl Loba.. Trenton. N. J.
. of Amer., 1800 W. Ploo

Blvd.. ngeles
nltod Cinophone Corp., Torrington,

Westl ouse Eles, & Mfg. Co.. E.
ngurxh Pa.

RECTIFIERS, Metollic instrument &
Rolay

Co t Eleot. Ilg%oniwmgol.molg Conn

nan

Selenlum . of Amer., 1800 W, Plco
Bivd., Los Angeles
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RELAYS,

REGULATORS, Temperature

Allen-Bradley Co., Milwaukes, Wis.
Dunn, Inc,, Struthers, 1321 Cherry,
Philadelphia

Fenwal Im‘:).. Ashland, Mass.
Gen: Electri

eral &N. Y.
Mercold Corp., 4217 Belmont, cago
Minneapol on ator, Min-

neapolts,

Dﬂlcer Thermosut Co., Attleboro,

REGULATORS, Voltage
Acme Elec. & Mfg. Co Cuba, N. Y.
Adams & Wes . El Ind

o
Am,| te Co., 661 Broadw
l=‘errp:;l Ele., Inc., “kocko!eller

Plasa, N. Y. C
Genen.l ‘Eléc.. Bchenochdg
H-B El octrIoCo '6122 N, 21 §¢., Phun
sogm!:‘.locm Co., 2525 Ciybourn Av.,
Unlug'g‘rms(onnor Corp,, 150 Varick
8t., N, Y. C.

RELAYS, Hermetically Sealed

Allled Control CoInc2 E End Ave N Y C
Betts & Betts Corp 551 W 52 St N Y

Clg‘?‘& Co‘OC P. 4719 Sunnyside Ave
Sigma lnstrumenu Inc 70 Ceylon 8t
oston 2

RELAYS, Plug-in

Clare & Co, C. P. 4719 Sunnyside Ave
Chicago
Leach Relay Co 5915 Avalon Blvd Los

ngeles
a Instruments Inec 70 Ceylon 8t
oston 21

RELAYS, Small Switching

Advance Elec. Co., 1260 W. 2nd, Los
Angeles
Allrt'od Control Co Inc 2 W End Ave

mperite Co., 561 Brondwn
Automatlo Eleo Co., g

Buren, Chicag:
Bendlx Avlntlon Corp., Pacific Diy.,
11600 Bherman Wny ‘N. Hollywood
Blncho{ Corp. 32 7’ Huntington Dr.,

Los eles
Coé)m Eloc Co.. 2700 Southport Ave..
Electri calProd Bu ply Co., 1140 Venlce
Blvd., Los Ang
G-M Laborntorlu lno 4313 N. Knox

Ave,, Chicago

Guardian Elec. Co., 1400 W. Wash.
Blvd., Chicago

Potter & Brumfield Co., Prlneeton. Ind.

8 ma Instruments, Inc., 76 Freeport

Boston, Mass

Btruthers Dunn, Inc., 1326 Cherry St.,
Phlladelphia

Ward- Loonud Eleo. Co Mt Vernon N Y

RELAYS, Small Telephone Type

AdAvlnecle Eleo, Co., 1260 W. 2nd, Los

Allled Control Co 2 E End Ave NY C
Automatic Elect Co., 1033 W, Van

uren, Chic;
Cll.ro& Co.. C P 4719 W, Sunnyside
Ave. Chicago
tl . Co., 2700 Southport Ave.,

Guudlm Elec. Co.. 1400 W. Wash.
Blvd.. Chicag
Wick Organ Co Highland, Ni.

RELAYS, Stepping

Automntlo Elect. Co.. 1032 W. Van
Buren 8t., Chicag:

Autocall Co Bhel y. 5

Guardlan El M( Co., 1620 W, Wal-
nut Bt Chl

Co N. Y. Ave., Union
Clty. N. J.
Struthers Dunn, Inc., Arch 8t., Phila.

RELAYS, Time Delay

AdAvAneo Eleo. Co., 1260 W. 2nd, Los

porno Co., 561 Broulw , N. Y. C.
Aul;,omauo E!eo Co., W. Van

Chlcag:
don Mtx. Co.. Inc., Forestville,

nn.
I-BoElootrlc Co,, 6122 N, 21 8t., Phila.
] ndus'.rhlmlma(r:o Corp., NewukmN. J.
!n.nn.mo ec. pringfieid, Il

N YLoonnm Eleo. Co.. Mt. Vernon,

Transmitter Switching

and Keying
G%rdon Spec. Co 823 8 Wabash Ave
0

‘hicag
Johnson Co.,
Leach Relay

Los Angeles

F. Waseca Minn
Co 5915 Avalon Bivd.,

RELAYS, Vacuum

Ind & Com Electrontos Beimont Calif
Struthers Dunn Inc 1326 Cherry St

RELAY TESTERS, Vibration

Kurman Eloct.rlo Co., Inc., 3030 North-
ern Blvd., L. 1. City, N. Y.

RESISTORS, Fixed
Acme Elec. Heating Co.. Boston, Mass.
Aerovox Corp., New Bedford, Mass,
Allen-Bradley Co., Milwaukee, Wis,
At!“_ YRglno Co., 423 Broome 8t.,
Carborundum Co., N

ara Falls, N. Y.
Centralab, Mllwaukee,
at Mfg. Co., 130 Clinton St.,

‘yn. N. Y.
Cont'l Carbon, Inc., Cleveland, O.

Darzen’ Co., 158 Bummit St., Newark,

Dixon Crucible Co Jorsoy City, N. J.
Eleo Resistors Co 114 W 18 St'N Y C
Erie Resistor Corp. Erl

Glg‘t.).ln Div. Cl.rbonmdum Co., Niagara

Groves (,org Po Girardeau Mo
Hudwlck indle, Inc., Newark, N, J.
Instrument Resistors Co., Little Falla,

N.
Intern'i Restst. Co 429 N Broad St Phila
Jeflers Electronics Du Bois Pa
Lectrohm, Ine., Cicero, Ill.
Mallory & Co., Ine., P. R., Indianapolis,

Ind.
ohmlim Mftg. Co., 4835 W. Flournoy,
cago
ve R:ouenylnst.. Corp., 4545
Shallcross Mfig. Co.. Comlhxgdnle. Pa.
Speer Resiator Corp., .
Sp!rwuue Speciaities Co., N. Adams.

Suck le Carbon Co., 8t. Marys, Pa.
%nd o Prod. Co., 842 Orleans St.,

Ward Loonnm Elec. Co., Mt. Vernon,
Wg}myl)enml Mtg. Co., 10 E. 40th 8t,,
Wwirt Co., Germantown, Pa.

RESISTORS, Fixed Precision

General Radio Co Cambrid o Mm
Inst. Resistors, Inc., Little . J.
Intern'l Resist. Co 429 N Broad éc Phlls
Ohmite Mtg. Co., 4835 Flournoy St.,

Chlcuo
Presto Electrie Co.. Union City, N. J.
Shallcruss Mta Co., Collingdale, Pa.

RESISTORS, Flexible

Clarostat Mfg. Co., In¢., Brooklyn, N. Y.
RESISTORS, Voriable Laboratory
Type
Blddle Co., J. G., 1211 Arch 8t., Phila.

General Radlo Co Cambridge Mass
Btlﬁhtng.. Ine., H. H., 27 Park Pl..

RESISTORS, Variable

Aerovox Corp., New Bedford, Masa.

Allen-Bradle; Co Mllwaukoe. Wis,
Sliver Spring, Md.

Atlas Reststor Co., N, ¥ O

Biddie Co., James G., Arch 8t., Phila.

Centralab, Milwaukee, Wis.

Chlcago Tel. Suppl do.. Elkhm Ind.

Cinema Eng. Co.,

Cl%‘ros‘t’at Mig. Co.. 130 Cllnwn Bklyn,

Cutler-Hammer, Inc., Mllwaukee, Wis.
DeJur Amaco C‘;? Bhelton, Conn.
El%ctro otive Mfg. Co., Wlmmmtlc.

General Radlo Co, ambrldfe Mass.
G-M Labs., Inc., Chi

Inst. Rulnon. Inc., Little Falls, N
Intern'] Resist. Co 429 N B roadécpnu
Loxcltironm Ine., 5125 W. 25th, Clcero,

Mallory & Co. R., Indl 80"! Ind.
Ohio Carbon do.. Cleveland,
Obéliill Mtg. Co.; 4835 W. Fiou.rnoy 8t..
Bnallcrou Mg, Co., Collingdale, Pa
smk%&d o Carbon Co., Bt. Marys

A Prods. Co., 820 Orlom Bt e

cag

Wa.rd-Leonl.rd Eles. Co., Mt. Vernon,

Wirt Co., Germantown, Pa.

RESISTORS, Variable, Ceramic

Bose

Lectrohm, Ine., 5125 W. 25th, Clcero, Ill.
Oh&l Mtg Co., 4835 Flournoy St..
Presto Eloctrlc Co., Unlon City, N. J,

SCREW MACHINE PARTS,

Brass, Steel
Chicago Avh',lon Co., 1200 N. Clare-
mont, Chicag:
Ward Produotl Corp.. E. 45 8t., Cleve-
land, O.

SCREW MACHINE PARTS,

Non-Metallic

Contlnental-Diamond Fibre Co., New-
ark, Del.

SELENIUM

Federal Tel. & Radio Corp., 8. Newark,

Benwood Linse Co., 8t. Louls, Mo.
Corxh: ¢ Amer., 1800 W. Plco
Blvd..

SHAFTING Flexible

reeze Corps., Inc., Newark, N. J.
M::.llmTool Co., 7708 8. Chleago Ave.,

sww.m Mtg. Corp., 4311 Ravenswood
Ave., Chicago

Wl.lker-Tumu'Co Ine. Plnlnneld N.J.

White Dental Mtg. Co., . 48 St..

SHEETS, Electrical

Amer Rolling Mill Co Middletown Conn
Carnegle-Illinols Steel Corp Pittsburgh

Pa
Folla nabeo Steel Corp Pittsburgh Pa
Granite City Steel Granite City Il
Newport Rolil ns Mill Co. Newport, Ky
Republle Steel Corp Cleveland 0
erson & Son Inc Jos T Chi
estinghouse Elect & Mty Co Pma-
burgh Pa

SHIELDS, Tube

Eby Inc H H 18 W Cheiton Av'Phila 44
t Metal 8 plnn Inc 314 Dean Bt
Brooklyn

Clnch Mfg Corp 2335 W Van Buren St
Chlcago 12
H;ﬁm‘:’mélund Mtg Co Inc 460 W 34 St

SHOCK ABSORBERS
See MOUNTINGS 8hock Absorbing

SIGNAL GENERATORS
Ses GENERATORS Standard Signal

SOCKETS, Cathode Ray Tube
Frankiin Mfg Corp 175 Varlck St N Y C

SOCKETS, Tube

Algddll ll?.ullo Industries 501 W 35th
cago
Alden Prods Co Brockton Mass
Amer Phenolic Corp 1830 8 54th Av
Chicago

Amer Radio Hdware Co Mt Vernon N Y
Birnbach Radlo Co 145 Hudson N Y C
Bud Radio Inc Cleveland O
Ctnti?l M(x Co 2335 W Van Buren St

Cont’l -Dlamond Fibre Co Newark Del
Eagle Mig Co Brooklyn NY
Eb; lno H H Phuadel&)

eral Serew 26 8 Jefferson

Corp 175 Varick N Y C
Hammarlund Mig Co 424 W 33 8tNYC
Johnson Co E F Waseca Min

J onu Hownrd B 2300 Wn.bn.nlh Chl-

Mlcarta(_lg.brlcnoru Inc 4619 Ravens-

wood Chicago
Mlllen Mfg Co James Malden Mams
Milller Co 3 W Los Angeles Cal
Nat'l Co Malden Mass
Remier Co San Francisoo Cal

SOCKETS, Tube, Ceramic Base

Ha.&:\?lélund Mfg Co Inc 460 W 34 St
Johnson Co E F Waseca Minn
National Co Inc Malden Mass
Nat'l Fabricated Products W Belden

Ave Chicago
Ucinlte Co Newtonville Mass

SOLDER, Self-fluxing

Garden City Laboratory 2744 W 37th
Pl Chicago
Gargllnor Metal Co 8 Campbell Ave

Chicago
General Fleoc Co Brldge&on Conn
Kestecmr Solder Co 420! rightwood Ave

cago
Ruby Chemical Co Columbus O

SOLDER POTS

El%c Boldering Iron Co Inc Deep River

Lectrohm Inc Cicero
sogxg Equi Corn o( (,alll 6245 Lex Ave
Angel
Westlnzhnuse Elect & Mfg Co E Pitts-
burgh Pa

SPEAKERS, Cabinet Mounting

Altecos.anslnz Corp 1680 N Vine Holly-
WO
Bu&t }Vﬂg Co In¢ Grove 8t Irvington 11
Cinaudagraph Sneakera Inc 3911 8 Mich-
igan Ave Chi c:f
Crgholent lndua es Inc Belmont Ave
Gonernl lnstrument Corp Elizabeth 3
Jensen R.adlo Mtg Co 6601 8 Laramie
8t Chicago
John Meck Industries Plymouth Ind
Langevin Co 37 W858t NY C 23
Magnavox Co Fort Wayne Ind
Operadio Mig Co 8t Charles Il
Quam-Nichols Co 33rd Pl Chicago 16
Rola Co Inc Superior 8t Clovelmd O

Utah Radio Prod Co 842 Orleans S8t
Chicago

SPEAKERS, Ovtdoor Type

Altec Lansing Corp 1680 N Vine Holly-
wood 28 ¢

Cinaudagraph Speakers Inc 3911 8 Mich-
igan Ave Chi 0
Radlo Mig Co 6601 8 Laramlie

Chicago
evtn%mwosscxvczs
University Labs 225 Varick St N Y C

SPRINGS

Agrlato Spring Mfg Co 3817 W Lake
0
Ace Mc(.z‘Corp 1255 E Erle Ave Phila 24
An}l"l,srl Spring & Mifg Corp Holly
an Steel & Wire Co Rockefeller
Bldx Cleveluul (o]
Bristol Conn
CrammA éhl'nduamu Inc 4132 W Belmont
ve
Cuyah .s ring Co Cleveland O
Gibso y m gv" D 1800 Ciybourn Av
Hubbm Bprlng Co M D Pontiac Mloh
Hunter Pressed Steet Co ale
lnsrz.'rument Speclalties Co Little Falls
M}xo:’unaulon Spring Corp Logansport
’eok Spring Co Plnlnvllle Conn
p {/l Co Corr,

€ I.llg‘x Avonel N J
Standard Spring & Mig Inc 236-42

Brooklyn N Y
WmothxCorleElo&BtNYCu

STAMPINGS, Metal

Bud Radlo Inc E 55 8t Cleveland O
GosaitBMew Stamplogs Inc 814 Dean
Hadley Co ﬁ M 707 E 61st Los Angeles

Insuline Corp of Amer Long Island City

Par-Metal Prod Corp Long Island City
Stewart Stamplng Corp 621 E 216 St
NYC

FM anp TELEvIsION



Willor Mfg Corp 288-A Eastern Blvd
NYC

STEATITE, See Ceramics

SUPPRESSORS, Parasitic
Ohmite Mfg Co 4835 Flournoy 8t Chicage
SWITCHES, Aircraft Push
uare D Co Kollsman Inst Div Elm-
urst N Y
SWITCHES, Key
Audlo Devel Co M iis

Minn
Ch! Tel Suppl. Co Elkhart Ind
:‘ij’ p r! io Corp Newark 1

N J
General Control Co Cunhrld e Mass
Mn-mm Ino lI)onn.\d N North-

y Ch onlo
Prest.oElect Co Unlon City N J
Western Electric Co 195 B'way NY C
SWITCHES, Midget Snap
Allled Co trolCoIneEmdAvaNYC
A-iro Electric Co 3167 Fulton Rd Cleve-

General Electric Co Schenectady N Y
Micro Switch Corp Freeport Tl

%pen cer Thermortat Co Attleboro Mass
cinite Co Newtonville 60 Mass.

SWITCHES, Rotary, Bakelite Wafer

Mallory & Co Inc P R Indianapolis Ind
Stackpole Carbon Co 8t Marys Pa

SWITCHES, Rotary, Ceramlc Wafer

Mm« Co., J. W,, 5017 8. Main, Los
ngeles, Cal.

Nlt'l Co., Mnldm.

Radex Corp., 1308 Elnon Aveﬁcmoqo

gSickles Co. ir W..
Sound Eﬂgl.p Cofp. of Gall,, 6345 Lex.

Ave,
Standard Co Newburgh N Y
8u Elec. Pra C(l;?p Jersey City,

Te;‘en{,uo Eng. Corp., 484 Broome St.,
Triumph Mfg. Co 4017 W Lake Chicago

TRANSFORMERS, Receiver Audia
& Pawer
e B M
Hou n.nsng orp..
Am ransformer Co., Newark, J
Am llﬂercCo ol Amer.,'17 W. 20th 8

Y

Audlo Devel. Co., N. Minneapolis, Minn.

Chlcago TrChmtworm et Corp.. 3501 Adai-

cmaudu'npn Speakers, Inc., 3911 8.
Michigan, Chicago

Cocmm Radllo Prod. Co 350 W Erie St

Dlnlog.éou Co., Caledonia, N. Y
Dongan Flee. Co., 74 Trinity P,
Elﬁnlé Trana. Co., 515 W. 29 St..
Ferranti Eleo Inc., 30 Rockefeller Plaza,

Foster Co., A. P. Lockl
Trans. Co., 72 Sgﬂnx ‘it N Y.C.

Freed
Gen'l Radio Co.. Cambridg
General Trans. 1250 W "Van

. Co., Cub N. Y.
1680 N. Vine,

Con uk 18 Buren, Chicago
M%lg: u‘;-';)-chwukNJ HsAdll&);lCo R. M., 707 E. 61st, Los
1
SMCC bt R RS o, a0 Ravenswoos
Shallcross Mfg Co Collingsdale Pa Chicag:

SWITCHES, Time Delay
Haydon Mfg Co Inc Forestville Ct
Industrial Timer Corp 115 Edison Pl
Newark N J
Sangamo Flect Co Springfield Il
SYNTHETICS, Wood & Metal

Finish
Sullivan Varnish Co 410
Chicago 22
TERMINALS, Hermetically Sealed
Ses BUSHINGS Terminal Sealing

TERMINALS, Soldered or Solderless

Ses LUGS Soldering and Solderless
TERMINALS (Turret Lugs)

Cambridge Thermionic Corp 443 Con-
Ave Cambridge 38 Mass
tacturers Screw Prod 216 W Hub-
bard 8t Chicago 10

Uclinite Co Newtonvilie Mass
TERMINAL STRIPS

Burke Electric Co Erla

Cincb Mfg Corp W Chicago

Cook Electric Co 2700 Sou;hpon Ave

Cbieago 14
Cur;l's Devel & Mtg Co N Crawlord Ave

thk wlﬁvnﬂckﬂtNYC
Jones H B 24 George Chicago
Kulka Electric Mfg Co Mt Vernon N Y

TEST CHAMBERS, Tempeorature,
Humidity, Altitude, Salt Spray
American Colls Co 25 Lexington St
Neowark N J
Indunrhl Fﬂwr & Pump Mftg. Co., W.
Carroll
Kold-Hold M!& Co..440 N. Grand Ave.,

Lansing, Mich.
Moblle Rcmeermlon.

N Hart St

o Inoc., 630-5th

ve.,

Northern neering Labs., 50 Church
St N.Y.

nney Engineering Ino Moutclair N J
'I’HERMIS'I’ERS
Western Electric Co 195 Bway N Y C
TRACING PAPERS, CLOTH,
CELLOPHANE
Araml'um F i Co., Provi
Brg‘"m't Bro., Arthur, 67 W. 44 St.,
Keuitel & Esser, Hoboken, N. J.
TRANSFORMERS, Constant-
Valtage
DonnnElec Co.,74 Trinity PL. . N. Y. C.
General Electric Co., Schenectady, N. Y.
luyth Mfg. Co., Waltham. Mau
Sola F.‘lectrlc Co., 2525 Clybourn Ave.,
Chicago

TRANSFORMERS, IF, RF

Alblon Coll Co Albton Il

Allddln 1o Industries, 501 W. 35th
8t., Chicago

Amer. Tunn(urmer Co., Newark. N. J.

Auﬁo, ngdrl‘m-t'sCo Inc 960 Passalc AVe E

ew!

Browning Laba,, Ine., Winochester, Mass.

Camb e Thermionie Corp., Conecord
Ave ambridge, Mass

n “Mitg. Co., 415 8. Aberdeen, Chi-

D-é(mmdlo Prods. Co., 1575 Milwaukee,
cago

mexN Electronics 1060 Broad 8t Newark
Gen'l Winding Co 420 W4as58t NYC

Greyhound Equip. To., 1720 Cburch
Ave., Brooklyn s Yo

Guthman & Co., 18 8. Throop, Chicago

Hammarlund Mtg. Co., 424 W, 33 8t.,

<
Melssner M1g. Co., Mt. Carmal, Ill.
Millea Mfg. Co., james, Malden, Masse

0

Hereulu Elec. & Mtg Co 2416 Atlantio
Ave Bklyn 33

Hrﬁv’:rd Pacl:mc Corp 932 N Western Av

o
Janmonni:leo Co Bellwood Il
Kenyon Trans Co 840 Barry 8t N Y C
Kyle Corp South Milwaukee Wis
Langevin Co 37 WE58t NY C 23
Magnetic Windings Co Easton Pa
Merit Coll & Trans Corp 4427 N Clark
Chleago 40
Newark Transformer Co.. Newark, N. J.
N YyTranstormer Co 22 Waverly Pl

NYC3
Norwalk Transformer Corp 8 Norwalk

Conn
Peirluf Elec el:rod Co 6920 McKinley
v
Permonux Corp 4900 W Grand Ave

Chicag
Co Waltbam Mass
uperior St Cleveland O
Standard Trms!ormer Corp 1500 N
Halsted Chicag
Super Flect Prod Co Jersey City N J
8uperior Ele¢ Co Bristol Conn
Thermador Elect & Mfg Co Riverside
Dr Loe Angeles
Thnrdu.rson Elec Mfg Co 500 W Huron

Chlcag
Ut&lﬁ' Iudlo Prods Co 820 Orleans 8t

cago
United Trans Co 150 Varick 8t NY C
Westinghouse Elect & Mfg Co E Pitts-

burgh Pa

TRANSFORMERS, Variable

Voltage

Amer Transformer Co Newark N J
General Radio Co Cambridge Mass
Superior Electric Co Bristol Conn

TRANSMITTERS, FM
Col.l‘:l:munlcatlons Co Inc Coral Gables

Iy

Doolittle Radio, Inc 7421 Loomis Blvd
Chicago

FederJn.l Tel. & Radio Corp Newark 1

N
Galvin Mfg. Corp Chicago 51
General Electric Co Sohenectady 5NY
%a.rve -Weus Sout&t’:

Link, F, 125
RCA' Victor Camden
Radio Wneerlnz
Cty N Y
Western Electric Co 195 BwsﬁN YC
Wmunzhouse Electric Corp Pittsburgh

mﬁo Alto Calﬂ
178t NYC1

n N J
Laba. Inc Long Island

'I’RANSMI'I"I’ERS, Television
Du Mont Labs. Inc, Allen B., 2 Maln
Ave Passalo N J
General Electric Co Schenectady N Y
RCA Victor Camden N J

TUBE MANUFACTURING
MACHINES
Hiiton Eng Labs Redwood City Calit
Eisler Eng Co 7518 13th St Newu’k NJ
TUBES, Cathode Ray
Dumont Labs Allen B Passalc N J
Elﬁlrlon{c Tube Corp 1200 E Mermald
Farnsworth Tele & Radlo Corp Ft Wayne

General Elec yNY
Nat'l Unlon Iudlo r% Newnrk NJ
North A ps Co Inc Dobbs Ferry

N
Rauland Corp Chicago Il
RCA M, Co Camden N J
lvsnia lect Prod Ine I‘mporlum Pa
nghouue Elect & Mfg Co E Pitte-

TUBES Current Regulating
Amperite Co 561 Broadwa; Y
Champion Radio Works Danvers Mass
Hytron Corp & Hytronic Labs Salem

Mass

RCA Mtg Co Camden N J

%ylunla Elec Prod Ino Emporlum Pa
estern Elec Co 195 B'dway N Y C
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TUBES, Photo-Electric

Cont’l Elec Co Geneva Il
De Jur-Amsoco Cotb.Shel'.on Conn
De _Vry Herman- 1111 W Center

Chi
Electr?-ﬁc Laboratory Los Angeles Cal
Emby Prods Co Los Anseles AI
General Elec Co g

General Sclontlne Corp 4829 Ked:le Av

Chica
G-M La%n 4313 N Knox Av Chicago
Leeds & Northrop Co Philadelphia
Nat’l Unjon Radlo Corp
Photobell Corp 123 leent
RCA Mig Co Camden N
Rectron Corp 2159 M
Westinghouse an Div Bloomﬂeld

Western Flec Co 195 B'way N Y
Weston Elec Inst Corp Newark N J

TUBES, Receiving

General Elec Co Bchanecudy NY
Hytron Corp Salem M

Nat’l Union Radlo Cor Newnrk NJ
Raéthoon Prod Corp 420 Lexington Av

RCA Mig Co Camden N J
1ylvanla Elect Prod Inc Emporium Pa
ung-Sol Lamp Works Newark N J
Western Electric Co 195 B'way N Y C

TUBES, Tronsmitting
Ansxmx lulelctronlc Corp 25 Washington
Eltel-McCullouzh Inc San Bruno Cat
Ll?qctrom: Enterprises Inc 65-67 Av
ar]

Fede{nl 'Eelephone & Radlo Corp New-

Genera! Elec Co 8chenectady N Y
Gen’l Electronics Inc 101 Huel 8t Pat-
terson N J

n
Helntz & Kaufman 8 San Francisco Cal
Myu-on Corp Salem Mass

achlett Labs Inc Norwalk Conn
Nat’l Unlon Radio Corp Newark N J
N%ﬁ{’Amer Philips Co In¢ Dobbs Ferry

Raytheon Prod Corp 420 Lexington Av
NYC

RCA Mfg Co Camden N J
Slater Electric & Mfx Co Brooklyn N Y
Sperry Gyroscope Co Inc l!rooklyn NY
Sylvania Elect Prod Inc Emporium Pa
Taylor Tubes Inc 2341 Wabansia Chicago
United Electronics Co Newark N J
estern Eleo. Co., 195Bw:¥;
We)?t.l}ghouse Lamp Div, loomneld

nolla Av Chlc#J

TUBES, Voltage-Regulating
Amperite Co., 561 Broadway, N. Y.
tron Corp., Salem, Mass,
A Mfg. Co., Camden, N, J.
Sylvanh Elec. Prod., Inc., Salem, Mass,

TUBES, X-Ray

Genl. Flec, X-Rny Corp 2012 Jackson
Blvd Chicag
Machlett ubu Inc South Norwalk Conn

Norv.r‘:{ACmer Philips Co Inc 100 E 42 St

Picker X-Ray Corp 300 4th Ave N Y C
wmlnghouse Elec & Mtfg Co E Pl

TUBING, Laminoted Phenolic
Br::dywlne Fibre Prods. Co., Wilming-

Formica Insulation Co.. Cinoinnatt, O.

General Flectric Co., Plt.ta eld. Mass,

Insulation M , 565 W. Wash-
ington Blvd Chl

Miea Insulator Co.. 196 Vnﬂck N.Y.C.

Nat'l Vuleanized Fibre Co., Wilmington,

Richardson Co., Melrose Park, Tl
Spauldlng Fibre Co. 233 B'way. N.Y.C.

Tymhme ,org Pa.
aylor Fibro 0, Norrlst.own Pa.
Westl Elec. Mfg. Co., E.

Wu“'?.z&" Ffb‘ Speclalty Co., Wil
mington re y Co., -
miogton, Del.

TUBING, Precision Metal
Superior Tube Co,, Norristown, Pa.

TUBING & SLEEVING, Varnished
Cambric, Gloss-Pibre,
Spaghetti

Be}l’lt.ley-ﬂnrrla Mfg. Co., Conshohocken,

Brund & Co Wm.. 276 Fourth Av.,

N.Y.C.
El tro Tech. Prod. Inc., Nutley, N. J.
F.n’gul:'ette Corp. of Amer., Clifiwood,

Insulation Mrm Corp.. 565 W ,Wash-
ington Blvd., Chicago

Irvington Vn.r ‘& Ins. Co., lrvlngton N J,

Mica Insul. Co., 196 Varick 8t., Y. C.

lehgl-R&nd “Insulation Co., By Mur-

ray St., N. Y,

Surprenant Elect. Ins. Co 84 Purchase
St Boston 10 Mass

Varflex Corp., Rome, N. Y.

TURNTABLES, Record
Falrchhd Camers & Inst. Co., 475 Tenth
Av N. Y. C.
General Tndustries Co., Elyria,

General Inst. Corp Ellzabeth’ 'i N J.
Pm'.o Recording Corp., 242 W. 45 8t.,

R C A Mtg. Co., Camden, N. J.

Russell Electric’ Co 362 'W Huron St
Chicago 10

Snburz Corp., J. P., 1510 N. Dayton
8t., Chicago

W%b;lwr Products, 3825 Armitage Ave.,

cago
Western Electric Co., 125 R'way, N. Y. C,
Wileox-Gay Corp Charlotte Mich
VARNISHES, Fungus Resistont

Comm. Prod. Co Inc 744 Broad St
Newark

Insl X Co Inc 857 Meeker Ave Bkiyn
Maas & Waldsteln Co Newark N J
VARNISHES, Insuloting, Air-
Drying & Baking

Comm Proda Co 744 Broad Newark N J
llzcv){ph (,ovJotZJIC (I;lewlnrk N.J. N
ngton Var. & Ins. Co., Irvington,
lehdl-mmd Insuiation Co., 61 Mur-

ray 8t., N. Y. C.
Stllle-Young Corp 2300 N. Ashland

Chicag
Zog‘hl{’ Mllls, Inc., 112-26 St., Bklyn.

VARNISHES, Wrinkle Finish
Sulllvan Varnish Co., 410 N. Hart St.,
Chicago

VIBRATION TEST EQUIP MENT

All American Tool & Mfg. Co.. 1014
Full erto Ave.. Chicago

Vibration laty Co., 1536 Winter
8t. Phll elphla

VIBRATORS, Power Supply
Auh‘;lrl‘l Telev. & Radlo Co., Bt. Paul,
)1

FElectronlc Labs. Indhnnpolls. Ind.
Mallory & Co., » P. R., Indlanapoils,

Ind.
Rodlm Corp W. 62 st,, Clevelmd O.
urner Co., Cedar m&
Uuh Radfo Prod Orleans St..
hicago

WAXES & COMPOUNDS,
Insulating
Irvlmnon Varnish & Ins. Co,, Irvington,

Weatern Elec. Co., 195 B'dway, N. Y. C
Zophar Mills, Inc., 112-26 St., BKlyn

WELDING, Gas, Aluminum & Steel
Treltel-Gratz Co., 142 E. 32 8t., N. Y. C.
WIRE, Bare
Amer. Steel & Wire Co., Cleveland, O.
Anwo\l]ld?‘ ere & Cable Co., 25 B'dway

N
Ansonla Flec. Co., Ansonia, Conn,
Beéghen Mig. Co., 4633 W. Van Buren,

Copperweld Steel Co., Glassport, Pa.
Cf")lce t Ins. Wire & Cable Co., Tren-

N. J
General Eiec. Co., Br!dfepon Conn.
Phos hor Bronze Smelt. ng Ca., Phila.

1agnet
Roehling's Sons Co. John Trenton, N.J.
Vellift Mfg. Corp., Bouthport, Conn.

WIRE, Glass Insulated
Bell’lt.ley, Harrls Mtg. Co., Conshohocken
8.

Gavitt Mtg, Corp Brookfield, Mass.
Holyoke & Cable Corp.. Holyoke,
Aass,

Insulation Manufacturers Corp., 585
W. Washington Bivd., Chicago 8
O‘lvedem-coomlnz Fibergias Corp., To-

WIRE, HOOKUP

Bentley. Harris Mfg. Co , Conshohocken

lel t Mtg. Co., Brookfield, Mass
Lens Eleo Mtg. Co., 1751 'N. W. Av.,

Chicag
Rockbeatoe Prod. Corp., New Haven,
Ru:zei (ég:'d & Wire Co., 4723 Montrose
ve.,
Surprn‘?]nm, lulect Ins. Co 84 Purchase St

10,
Whitney Blake Co.. New Haven, Conn,

WIRE & CABLE

Acme Wire Co New Haven, Conn.
Amer. Stee! & Wire Co., Clevelan and, O.
Anﬁco\l{:dé Wire & Cable Co., 25 B'dway,

Ansonia Elec. Co., Ansonia, Conn,

Belden Mtg, Co.,'4633 W. Van Buren,
Chlm%l

Bentiey, Harrls Mtg. CoConahohockenPn

Collyer Ins, Wire Co., Pawtucket, R.

Conuolldniwd Wire “Co., 1634 Citsion

t..

Crescent Ins. Wire & Cahle Co., Trenton

Elec. .‘«;uw-uu Co., The, Port Huron,
Micl o

Essex orp Ft Wayne 6 Ind

Geneml (.nble (.orp Rome, N. Y.

General Elec, Co., Bridgeport, Conn.

Hnl;l.rd Ins. Wire' Works, Wilkes-Barre,

Hcilloke Wire & Cable Corp., Holyoke,
ane

Hudson Wire Co., Winsted, Conn.

Rea Magnet Wire Co., Fort, Wayne, Ind.

Rockbmt.oe Prods. Corp .. New Haven,

SonsCo John, Trenton, N.J.
Runzel rd lreCo 4723 Montrose

Chl
Sllﬂalex ero & Ca