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LIVE TALENT STUDIO. DuMont’s
Iconoscope Cameras pick up the scene and
action. An electronic viewfinder enables cam-
eramen to see exactly what looker-listeners see
at home. DuMont’s Sound Boom picks up
voices and music.

FILM STUDIO. Mouon
pictures, newsreels, commer-
cials, etc., on 16 mm and 35 mm
films require specially adapted
projectors and DuMont Film
Pickup Cameras.

FIELD EVENTS. A DuMont-equipped
Television Truck is a small station in itself . . .
including cameras, control and sound equip-
ment, relay transmitter and directional an-
tenna. The relay receiver is located with the
main transmitter.

PRODUCER’S CONTROL
DESK. Monitors show scenes being
picked up by different cameras . . . with
the largest monitor showing the scene
selected for broadcasting. The producer
sees the scene exactly as looker-listeners
see it on DuMont Telesets.

MASTER CONTROL
BOARD. The Master Control
Board is the heart of the television
station. Engineers manipulateshad-
ing and other controls to add tech-
nical refinements with electronic
artistry to all programs.

TRANSMITTER AND CONSOLE.
All meters, oscillographs, controls and clocks
are separately mounted in the console for safety,
easy visibility and centralized operation. Video
and audio signals (sight and sound) are trans-
mitted from different antennae located on the
same transmitting tower,

DuMont knows television. ® DuMont has equipped more television stations than any other company.
These stations are demonstrating the efficiency, the extreme flexibility, the rugged dependability and
the greater economy of DuMont Television Broadcasting Equipment.

e DuMont has pioneered in television station operation. It has thus set a broad profit pattern for post-
war commercial television.

e DuMont recognizes your needs. It offers the DuMont Equipment Reservation Plan which insures
carly peacetime delivery and personnel training.

e Study television’s economies — get in touch with DuMont today.

-

Copyright 1945, Allen B, DuMont Loborotories, Inc.

UIM!MM N]T % T PRsctiiion. Co iy and Jeliveicor.

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

TELEVISION STUDIOS AND STATION WABD, 515 MADISON AVENUE, NEW YORK 22, NEW YORK
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201 SERIES

TYPE 201A RECTIFIER. Designed ta furnish
filament and plate current to line amplifiers
such as the Langevin 102 Series. Delivers 275
V. ot 75 M.A,, 6.3 V. ot 8 A, Length 10.% ",
Width 57.7. Maximum height 6% " (5"
above, 1” belaw maunting chassis). Occupies
one third Langevin Type 3A mounting frame.

ype 201 Series Rectifiers consist of Type 201A, described above, and 201B.
Type 201A is supplied with a single filter stage, whereas Type 201B has a dual filter
stage. Latter type designed to supply filament and plate power for quiet pre-
amplifiers such as Langevin Type 106 or 111. In addition supplies associated line
amplifiers such as Langevin 102 Series. These units possess excellent regulation

and low ripple content.

Send today for complete engineering information about these and other

Langevin apparatus.

The Larngevin Company

INCORPORATED
SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING

NEW YORK SAN FRANCISCO LOS ANGELES
37 W. 65 51, 23 1050 Howaord St., 3 1000 N. Seward St., 38
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THIS MONTH’S COVER

TiME is a precious commodity to
the railroads. Delays in the op-
eration of trains are reflected
directly by net earnimgs. Con-
versely, reduction of running time |
cuts operating costs and improves |
service to shippers and passen-
gers. On this basis alone radio has
proved, under extensive tests,
that it will pay dividends to rail-
road operators. llowever, radio
cannot come into use by the roads
overnight. It must prove to rail-
road men the degree of reliability |
that radio engineers know it pos-

begun to do already. Just as po-
lice chiefs and patrolmen say
now, “"We couldn’t run our de-
partments without it!” Soon we
shall have'railroad officials saying

June 1945 — formerly FM Rap1o-ELEGTRONICS

sesses. [t must win new friends by :
demonstrated service. This it has | §

the same thing. |
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WHAT THE JAPS
DON'T KNOW
WON'T -HURT US

T'S agreed that recent devel-
opments in electronics still
must remain closely guarded
military secrets. But when the
story can be told it will sur-
prise many to learn what an
important part Blaw-Knox has
had in the advancement of this
newest marvel in sciences. More
than likely the public announce-
ments of the commercial use of
war-born electronic devices
will be broadcast from stations
equipped to give them effective
coverage with Blaw-Knox Ver-
tical Radiators.

Penna.



| Too LirTLE Too Late

HE lack of wise, progressive, well-or-

ganized leadership in the radio manu-
facturing industry, the indifference of
manufacturers and broadcasters toward
one another and their common problems,
the inadequacy of the FCC’s academic
and legalistic approach to its responsi-
bilities, and the ineffectiveness of labor
leaders who preach politics instead of pro-
duction has never been more apparent
than at this critical time.

During the past five years, radio pro-
duction and development facilities have
been built up to a level which makes this
industry one of the major employers of
factory workers and engineering talent.

Under leadership able to codrdinate the
interests and activities of all concerned,
it should be possible to maintain a level
of radio production during the period of
peace and reconstruction so high as to
create new jobs in civilian distribution,
sales, service, and operation which will
not only absorb any reduction in factory
workers and engineering personnel, but
will also give employment to radio-trained
men released from the Armed Forces.

The best thinking of the FCC, the man-
ufacturers, the broadcasters, and the
officers of the radio labor unions should be

directed on planning toward this end, so
Q U A LI T Y that technical progress during the wartime
years of personal trial and sacrifice will
. - give reality to the happiness and security
IS at ’ts best | implied in what we call our American
Way of Life.
{  If the radio industry cannot do this in
peace, then all its contribution to the

Because they are in immediate touch with every prosecution of the war is meaningless and
step in manufacture, Chicago Transformer's futile.

engineering and inspecting departments The Most Pressing Need % Thanks to the ex-
make Quality Control truly effective. Smooth perience gained with FM for civilian

emergency and military services during
the past five years, much equipment is
available for the new communications and
relay systems to be operated above 25 me.
ished product. Moreover, ample frequencies have been
allocated, and WPB restrictions have been
relaxed sufficiently that manufacturers
and operators can project postwar plans
with confidence and certainty.

The new FM communications field,
which includes police, fire, forestry, rail-
road, taxi, bus, truck, facsimile, citizens
radio, rural phone, special emergency, and
similar services represents a tremendous
| new market which did not exist before the

flowing production is facilitated, and dependability and

accuracy become performance characteristics of the fin-

DIVISION OF ESSEX WIRE CORPORATION o
3501 WEST ADDISON STREET v
CHICAGO, I8

TRADE MARK RO (CONTINUED ON PAGE 78)
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SYLVANIA NEWS

ELECTRONIC EQUIPMENT EDITION

JUNE Published by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 19135

SYLVANIA ISSUES NEW BOOKLET ON PUBLIC’S
POST-WAR WANTS IN RADIO AND TELEVISION

Summarizing the results of a recent nation-
wide survey, a new hooklet, “They Know
z ' W hat They Want,” is now being widely

—t distributed. This survey was conducted by
?r" — Yaur latesy | one of America’s leading market research
T set hos shars | owganizations—at the request of Sylvania
’é - wave ! | Electric’s Sales Research Department.
W l CIRCULATION AMONG

Do you have shart wave band on your i ( '( )\Sl ‘l ERS
How do you couuider the performe latent aet

ance of your latest set? m J‘Esl )/N"o,y

. The hooklet is being mailed to consumers

r 8%” % -l in response to inquiries stimulated by

{ = o == - > { . o .

=gk ' .jj' —~ ) J questionnaire-ty pe advertisements appeatr-
‘ = - 1 4

ing in national magazines. Through these
‘ Good 75% Fair 2@%' Poor so/o

Prophecy: You'll like the new post-
war radios even better!

advertisements Sylvania Electric is con-
tinuing its study of public preferences
in radio sets. Public distribution of the

|
i booklet is expected to be helpful in main-
e here's taining the popular interest in post-war
ou like radio sets which has been created by
' - . . .
h° k i Sylvania’s advertising.
obOU' \
- = 1
= i VALUE TO INDUSTRY
b AN
ST e s LSS In addition,“They Know What They Want
about your present radic L? . . . .
= i« being widely circulated among the elee-
If your radio has push-button tun= tronic equipment manufacturing industry.
1 g
Tove quality 524% ing. what do you thiak of it? > e . . 1
Model 20 6% Providing a convenient digest of the pub-
Appen rance 22.6% i . e A
Rocoption olarity 217% S OnswELE o3 lic's desires. the booklet should prove
Push button fenture 10.1% v . .
Record pluye 87% Like it 78% helpful to set manufacturers in planning
Efux iv tivity 5.2% . .
Range . 17% Could bel tmproved o post-war designs that will appeal to
Hint: Sylvanio radio tubes go o long Post-war radios will doudtless have huyvrs tastes.
woy to make any radio sowm bet tor. quicker, easier push-button tuniug. . .
5 o Copies of the booklet are available on

request to set manufacturers for distribu-
tion to their engineering departments and
sales forces. A more complete and detailed
presentation of the survey findings has
also been prepared, and will be shown to

Hereé is « typical tieo-page spread from the booklet “They
Know What They Want,” which summarizes the results of

a nation-wide survey of public preferences in radio sets. interested manufacturers on request to

the nearest Sylvania sales office.

SYLVANIAY ELECTRIC

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

J une:1945 — formerly FM Rabpio-ELEcTRONICS 5



Model 33-VTF can be mounted in
several ways-—rack and panel in-
stallation shown is typical. Only
the meter appears in front — elec-
tronic unit may be mounted either
on same panel or at some remote
location.

MODEL 33-VTF. now released for commercial
use, makes available the ruggedness and ex-
ceptional accuracy of the vibrating reed fre-
quency meter. It measures specific bands
such as 760-840 cps or 1140-1260 cps.

Again, J-B-T engineers have extended the
useful range of the vibrating reed frequency
meter—through use of a simple, practical
electronic circuit. A vacuum tube multivibra-
tor divides the incoming frequency by the
proper integer, and shows the result on the
widely used standard 400 cycle meter.

Harmonics of accidental frequercies or un-
usual wave form do not affect the response
where the speed of the inverter or other fre-
quency source is in the approximate range
being measured.

Model 39-VTF, Laboratory Type, not shown,
has an input impedance of 500,000 ohms, and
uses regular line current for power supply.
This model, through use of a multiolier switch,
measures frequencies 1, 2, 3, 4, 6 and 9
times the basic range of 380-420 cycles.

Model 33-VTF,
with cover removed

éﬁecé 7Z¢J¢ %atatu e

EXTREME ACCURACY | within
C.25% of frequency measured.

PERMANENT ACCURACY . cali
brated at factory — no subsequent
calibration or standardization re-
quired at any time.

STABILITY . . . no temperature drift
after initial 32 second warm-up
period. Accuracy is independent
of line voltage variation. No voltage
regulator, external or internal, is
required.

BURN-OUT PROOF ... no protection
needed against accidental {re-
querncies above the range being
measured.

SIMPLE — LIGHTWEIGHT — COM-
PACT ... only 3 tubes—6N7 multi-
vibrator,6V6 amplifier, 6X5 rectifier.
‘Weighs only 6 lbs, ... electronic
unit 514" x 6” x 45"; meter meets
JANK-1.6 mounting dimensions for
32" instruments.

20 WATT POWER CONSUMPTION

.. derived from f{re.
quency source being
measured. ‘-

(Manufactured under Triplett Patents and/cr Patents Pending)

J-B-T INSTRUMENTS, INC.

473 CHAPEL STREET ¢ NEW HAVEN 8, CONNECTICUT

~

6JBT-7
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“RADACOR%
IRON CORES

A dependable component for

Railroad Radio Communications

Radio communication for railroads is only as
dependable as the components used in the
equipment. New standards of safety, of in-
creasing speed, reducing delays, and improv-
ing operating efficiency necessitate the use of
components of highest quality. RADACOR Iron
Cores retaining their magnetic characteristics in
high voltage fields are now being used for rail-
road radio communications.

RADACOR is the result of exacting wartime
demands. When an exceptionally large core
with precision milling and extreme electrical
and physical tolerances was required for equip-
ment built into B-29's only RADACOR fulfilled
the needs, accomplishing results . . . never
achieved before or since. GENERAL ELECTRIC
CO. built the antenna loading units, and orders
followed from Stewart-Warner Corporation,
Hammarlund Manufacturing Co., Inc., and
Sentinel Radio Corporation. We received the
largest orders ever placed for one type of iron
core within a period of a few weeks, totalling

FOR YOUR POSTWAR NEEDS almost a Half-Million Dollars.

Such acceptance should merit your considera-
High “Q”, high permeability (appr. 30) Iron Cores tion when planning the use of Iron Cores as a
for use from 400 KC to 2000 KC. Write us your component of your radio equipment. Qur en-
gineering staff of core specialists and labora-

RADACOR Iron Cores—actual size

postwar requirements today. g3 )
tory facilities are available for your specific

requirements.
o

RADACOR Iron Cores are now available in a wide variety of
sizes, shapes and ranges, in addition to our complete line of
electronic cores.

Associated with FERROCART CORPORATION OF AMERICA
Hastings-on-Hudson 6, N. Y.

Earl S. Patch, Hastings-on-Hudson, N. Y., Powder Metallurgy Division

New York, N. Y.: E. J. Frederick, 347 Madison Avenue,
Railway Sales Division

Chicago, Ill.: Midwestern office, 840 N. Michigan Ave.
Ray E. Berg, E. C. Winkenwerder

Indianapolis, Ind.: 108 E, 9th Street, Queisser Bros,
Jenkintown, Pa.: P. O. Box 246, D. M. Hilliard
Kansas City, Mo.: Broadway at 34th Street, E. W. McGrade
Canada: 1041 Des Marchais Boulevard, Verdun, Quebec, W. T. Hawes

Affiliated with MAGUIRE INDUSTRIES, INC.

June 1945 — formerly FM Rapio-ELEcTRONICS




MOSSMAN %c LEVER SWITCH

SERIES 4100 MOSSMAN
HEAVY DUTY LEVER SWITCH

Provides Interlocking Contact Arrangements
Impractical with Any Other Type of Switch

The Mossman Series 4100 Switch is especially adapted to radio or elec-
tronic control circuits where it is necessary to switch a control or monitoring
position to a master control or amplifier station.

The number and type of interlocking circuits possible with this switch
are entirely at the discretion of the designer of electrical or radio control
circuits. Interlocking contact arrangements may be added or provided
by the use of this versatile switch.

Important advantages of this switch for radio and electronic circuits
include:

® Protection of amplifier or transmit‘er tubes by keeping grid
or similar circuits closed untit switching is accomplished.

@ Preference automatically given fo one station over others when such a
station desires to contact the master station.

® Ability to keep certain circuits open unlil another is closed, or closed until
another circuit is opened.

® Elimination of the possibility of cutting in more than one remote stalion or
control. This is often desirable when several remote stations feed o a

central unit.

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

DONALD P. MOSSMAN, Inc., 612 N. Michigan Ave., Chicago 11, lil.

 MOSSMAN
ﬁécﬁ/ca/ ﬁ/}ﬁaowﬂ

RING
ENG SINEER D
Jl \ “‘s

Stewart-Warner: Has appointed the newly-
formed partnership of Shirley & Onstad,
Minot, North Dakota, as distributor for
its radio line in the Minot-Fargo terri-
torv. Don Shirley and James Onstad are
newcomers to radio.

Stromberg-Carlson: Radios are to be distrib-
uted in the Birmingham area by Clark
& Jones. This concern was founded by
H. S. Jones, Sr. in 1898.

Recordit Company: 315 N. 7th Strect, St.
Louis. has changed its name to Recordit
Distributing Company, to further identify
the firm’s activities in the distributing
field.

General Electric. Paul
Chamberlain, who
has sales-managed
the transmitter di-
vision at Schenec-
tady up to the pres-
ent time, has been
moved to DBridge-
port, as sales man-
ager of the receiving
set division. This is familiar ground to
him, for he started on receiver sales and
distribution in 19235, at St. Louis, later
going to G.E. distributor Ochlitree Elec-
tric in Pittsburgh, and finally to Schenec-
tady in 1942.

James D. Mec-
Lean, M.L'T. grad-
uate and radar ex-
pert., who shifted
from the General
Electric laboratory
to head up television
transmitter equip-
ment sales, has been
appointed manager
of sales for the trans-
mitter division, succeeding Chamberlain.
He will continue to make his headquarters
at Schenectady.

Meisner: Godfrey Wetterlow, formerly with
Philharmonic Radio, has been named
eastern sales manager for Meisner’s phono-
graph division. He will make his head-
quarters at Greenwich, Conn.

Barker Brothers will handle this line
in Los Angeles and Southern California.
0. R. Coblentz is manager of Barker’s
radio division, with L. B. Brittain as
engineering consultant. Branch stores are
operated at Alhambra, Glendale, Holly-
wood, Huntington Park, Inglewood, T.ong
Beaclh, and Santa Monica.

(CONCLUDED ON PAGE 87)
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In one minute . . . Finch Facsimile
will transmit any written, illustrated
message, half the size of o letterhead,
as far as radio will reach. Transmission by

wire, depending upon the frequency char-

acteristic of the line used, is somewhat slower.

This is both the most rapid and the most accurate
means of long-distance high-speed communication

It provides for 1500 words a minute without one

error! It makes practical the first faw of effciency:
Never give or take an oral order — PUT T IN WRITING!

FINCH TELECOMMUNICATIONS, INC., PASSAIC, N. 4.

N. Y. Oftice — 10 East 40th Street

s TH
MRV
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RECEIVING

Finch Facsimile also makes possible on illus-
trated, printed newspaper by rodio, in homes.
Over 80 U. S. Patents have been issved to
Finch. A? presens, facilities are entirely de-
voted to Victory production.

SYNCHRONIZING
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EM st

FM COVERAGE
DAY AND NIGHT
2640 SQ. M.

DAY
930 SQ. MI.

4-8 M,

72 SQ. ML.

Effective signalcoverage comparison of an FM station and a 1400-kc AM station. Station interference pattern produced by AM stations on
Most AM statioms could enjoy better coverage b switchlﬁgfb FM. More- the 1400-kc channel. Dots indicate location of stations.
over, their FM signals would neither cause interference with other stations Large circles indicate possible 400-mile interference range.

nor be affected by interference from other stations. At night, areas in which the circles overl;tﬁl usually are
subject to serious heterodyne interference. is pattern is

typical of many crowded regional and local channels.

PLAN YOUR FM STATION NOW-—50 FM BROAD-
CAST STATIONS ARE ON THE AIR AND OVER 300
APPLICATIONS ARE PENDING. Write for the General
Electric booklets covering FM station planning, equipment
description, and general station operation. These publica-
tions describe G-E transmitters, antennas, associated equip-
ment, and contain operating data from FM station records.

GENERAL ¢ ELECTRIC

160-C11—6014




lay and night

THE PRE-WAR G-E 1-kw FM TRANSMITTER

General Electric’s post-war FM equipment will in-
clude significant developments in circuits, components,
and layout that will contribute directly to the quality
and economy of your broadcasting system.

ESTABLISH A POST-WAR PRIORITY ON DEL/VERY

OF YOUR FM EQUIPMENT. In order to enable
you to obtain a post-war priority on delivery of trans-
mitters and associated equipment, General Electric
offers you the “G-E Equipment Reservation Plan.”
This plan will assure you of prompt post-war delivery
of your transmitting equipment. Write for iour copy
of “The G-E Equipment Reservation Plan.” Electronics
Department, General Electric, Schenectady, N. Y.

ANTENNAS

5 times the
coverage hy day

35 times the
coverage by night

Regardless of your present power, if you face a coverage
lem, if you share a crowded channel, consider FM. In
elrly every case FM will provide better coverage of the
same area at less cost, or better coverage of more area at
the same cost.

Wherever station interference presents a problem, look to
FM for better coverage. Consider, for example, the case of
the 1400-ke channel in the broadcast band. Here, eighty-
five AM stations share the same frequency. Eighty-one of
them are rated at 250 watts and at night are capable of
causing serious heterodyne interference up to 400 miles.
This interference greatly reduces nighttime coverage.
Engineering data indicate that under conditions of average
ground conductivity (3 x 10-14 EMU) and with an antenna
height of 331 feet, the effective range of these stations over
flat country would be:

AM Service Range Coverage
Day 13 miles 530 square miles
Night 4.8 miles 72 square miles

Compare this with the coverage of a 250-watt FM station
using a single-bay antenna 331 feet high broadcasting over
the same terrain:

FM Service Range Coverage

Day and Night 29 miles 2640 square miles
Thus, FM gives five times the coverage by day; thirty-five
times the coverage by night! To your audience this means
improved service. To you, this means a larger audience
and better service to advertisers.

When you plan your FM station, make full use of General
Electric’s vast background of experience in the FM field.
G.E. is the one manufacturer with experience in designing
and building complete FM systems—from transmitters to
receivers. G.E. has designed and built more FM broadcast
transmitters than any other manufacturer. G.E. has fur-
nished a large percentage of today’s half-million FM home
receivers. G.E. has supplied six complete studio-transmitter
FM relay links with thousands of hours of regular opera-
tion to their record. General Electric’s experience in the
FM broadcasting field includes more than three years of
programming through its own FM proving-ground station
WGFM at Schenectady, where every transmitter develop-
ment is tested before it is offered to the industry.

Tune in General Electric’s “The World Today” and hear the news from
the men who see it happen, every evening except Sunday at 6:45 E.W.T.
over CBS network. On Sunday evening listen to the G-E ““All Girl Or-
chestra’’ at 10 E.W.T. over NBC.

FM « TELEVISION « AM _ - 2%’



“The following is electrically transcribed...

oo/
R SO* WhlfC' Rmso-Wh-teI
Happy ‘It“e WaShday san

How are great commercials born? Rinso’s happy little
wash-day song was born in the woods. An advertising
man, trying to get away from it all, listened raptly to the
song of a bob-white—the special three-note call Bob
uses to sell himself to hismate. “Golly,’’ said the ad man,
“why couldn’t we . ..” And the rest is soap history.

Rinso “spots” are cut on PRESTO discs. Most

on PRESTO discs!

important transcriptions are. For recording engi-
neers know that PRESTO discs give finer results with
less margin for error—actually perform better than
most of the recording equipment on which they
are used. That’s why you’ll find, in most large broad-
casting stations, recording studios and research labora-
tories, the standard recording disc is a PRESTO.,

WHY BROADCASTING STUDIOS USE MORE PRESTO DISCS THAN ANY OTHER BRAND

Less Surface Noise No Distortion

WORLD’S LARGEST MANUFACTURER
OF INSTANTANEOUS SOUND
RECORDING EQUIPMENT

AND DISCS
12

Easier on Cutting Needle

3 ek purch

No Fussy Needle Adjustments

10

RECORDING CORPORATION

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

FAf axp TELEVISION



TRANSFORMER COMPONENTS
/@2 creyy ‘0/%’6&/!.0%

RADIO & TELEPHONY
: n
b F = pa—
Set components _j ﬁgt L .. .-. W

Loading Coils

Pulse Transformers Selective Amplifier Filters

Inker-phone Amplifier

Mine Detection Components Compondhis

DETECTION AMPLIFICATION

Foremaosl .///(nul/}r('/ﬂmu 6/’ %(HM/ZM)MN lo lhe Eleclionie 'ﬁlr/uJ/)(y

‘ ALL PLANTS

\

Moy we cooperate with you on design saving: for your opplications...war cr postwar?

150 VARICK STREET NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N.Y., CABLES: ““ARLAB”
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Coll on Kyle Engineers . . . Trained ex-
perts are ready at all times fo assist in
the design of new transformers to meet
your specifications. Write Kyle today.

‘ Kyle Transformers are the product of one of the leading manufacturers
of electric power distribution equipment. ( Kyle's unusual facilities for
the design and manufacture of precisely built, dependable small trans-
formers have been thoroughly proven in the service of wartime radio com-
munications, radar detection and electronic controls. € Specializing in
hermetically sealed equipment of highest quality, Kyle transformers func-
tion perfectly under the most extreme conditions of climate and altitude.
( Experienced Kyle engineers are anxious to work with you in the design

of specific transformers to meet your postwar requirements.

KYLE ( CORPORATION

SOUTH MILWAUKEE, WISCONSIN

14 FM anpo TELEvVISION
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cOMPLETE CABLE ASSE»{IB‘_

—

With Amphenol COMPLETE Cable Assemblies you
have only one source of supply . .. issue only one
purchase order ... cut your procuremen cost...
reduce your labor and tool cost. . . eliminate pro-
duction and assembly worries . . . all of these add up
to a substantial savings in valuable man-hours and
manufacturing cost. -

Tremendous volume production has necessitated
the creation of countless jigs, fixtures and special
equipment with resultant lower assembly cost, pre-

cision and quality workmanship, and dependability
that characterizes all Amphenol products.

... Engineered to your specifications . . . Efficiently
assembled . . . Exacting precision in testing—three
additional reasons why you should specify Amphenol
complete, quality Cable Assemblies.

Your inquiry will receive prompt, careful and con-
fidential consideration.

Depend upon AMPHENOL Quality.

AMERICAN PHENOLIC CORPORATION

Chicago S0, 1llinois

In Canada * Amphenol Limited + Toronto

U.H.F. Cables and Connectors -
U.H.F., British) - Cable Assemblies «

June 1946—formerly FM Rapio ELECTRONICS

Conduit - Fittings « Connectors (A-N,
Radio Parts « Plastics for Industry

15




CAN YOU TELL WHICH TUBES ARE BETTER ?

Two tubes of the same type may look
exactly alike, but if one was assembled
in the Machlett "White Room” while
the other was put together under aver-
age factory conditions, there would be
a considerable difference between
them. In lighting, cleanliness and condi-
tioned environment, the "White Room'
resembles a hospital operating room,
and tubes passing through it remain
free of internal contamination that
would lessen their stability, shorten
their life. Such tubes will give full-rated,
predictable performance, and prove
uniformly economical and satisfactory.

It was to achieve such improved results

16

that Machlett built the first “White
Room" in the industry — subsequently
adopted by others. Many siill newer
Machlett techniques, such as this, con-
tinue to improve the quality and per-
formance of our products. In this way,
Machlett leadership in the electron tube
field is maintained.

When you need a medical or indus-
trial X-ray tube, or an oscillator,
amplifier, or rectifier for radio or
industrial purposes, select a Machlett.
It will pay you in stability of operation
and long life. For information as to
available tubes, write Machlett Labo-
ratories, Inc., Springdale, Connecticut.

World Radio Histol

ML-500, a high-
frequency triode.
Maximum plate
dissipation 500
watts with full
power input at
frequencies up to
50 megacycles.

APPLIES TO RADIO AND INDUSTRIAL USES

-

ITS" - YEARS OF ELECTRON-TUBE EXPERIENCE

FM AND]TELEVISION



formerly F )M Rapro ELECTRONICS

.«. in a variety of types
to meet every need

There’s an Ohmite Rheostat to
assure the best unit for each
control need . . . from the 1000
watt, 12” diameter, Model *U”
to the 25 watt, 1%¢” diameter,
Model “H”. Made in single or
tandem units, with uniform

or tapered windings, in stock
or special resistance values. And
large or small—each Ohmite
Rheostat is designed to give
smooth, close control—long life
—aad trouble-free service. In
Resistance Control, Ohmite
Experience Makes a Difference.

Write on company letterbead
Jor Catalog and

Engineering Manual No. 40.
OHMITE MANUFACTURING CO.
4853 Flournoy,St., Chicago 44




St 100
TELEVISION TRANSMITTER

How SHERRON Serves
The TELEVISION INDUSTRY

e Engineering Consultation
e Laboratory Facilities
e Manufacturing

The service that has fathered the Sherron reputation in the field of custom-built
electronic equipment is now available also to the television industry.

Our capacity for this broadened function is based upon an extensive experience
with equipment employing: video amplifiers . . . cathode ray tubes . . .
oscillograph controls . . . and circuits related to television.

1 All our departments are staffed with expert personnel trained to tackle each problem
1 redlistically. Hard-headed, practical aims govern every phase of our work.
B This is true of our Design section, as it is of our Engineering division,

Development and Manufacturing departments.

As accredited manufacturers of custom-built electronic equipment
for manufacturers exclusively, we can serve you in the development
and design of the following to your specificalions:

TELEVISION TRANSMITTING . . . Video
and Audio

STUDIO CONTROL DESK . . . Exclusive control
for technical direction

MASTER CONTROL BOARD . . . 5 Available
Video Channels

TRANSMITTER CONTROL DESK . . . Featuring

Sherron operational controls for both
: Video and Audio

Electronics

18
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RADIO
INDUYUSTIRY

Whether Amplitude Modulation . . . Frequency Modu-
lation . . . or Television — dependability is a rnust for
all broadcast equipment.

Federal broadcast equipment has carned a reputa-
tion for that dependability because it stands up.

For more than thirty-five achievement-studded years

. from the Poulsen Arc to the new CBS Television
Station . . . Federal has served the broadcast industry
with superior equipment.

Federal’s backzround includes such milestones of
electronic progress as the 1000 Kw Bordeaux Trans-
mitter; Micro-ray, the forerunner of modern television
technique: and the first UHF multi-channel telephone
and telegraph circuits, part of a world-wide communi-
cations system . . .

All this, plus the war-sharpened techniques that are
the result of ability and experience, combine to give
vou craftsmanship . . . the kind of craftsmanship that
builds dependahi]it}' into all Federal equipment.

InAM...FM ... TV.

=g . . vour prime need in lyroadcaet equipments is
dependablln\' — look to Federal for it.

19
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Again it’s HYTRON—Easy on the Battery!

HY1269 HY31Z HY65 HY69 HY1231Z

In mobile operation, the battery is the motorcycle police radio has proved this.
kingpin. Two-way police radio takes it out Including 12-volt filament tubes for marine

of the battery twenty-four hours a day. applications, Hytron’s instant-heating line
- Conservation -of battery power during is versatile. Concentration is on the R. F.
stand-by periods is mandatory. beam tetrode — work horse of transmitting

Instant-heating Hytron tubes with thori- tubes — but also included is the HY31Z
ated tungsten filaments came to the rescue twin triode for Class B. One type can power
of police radio. Only when on duty, does a whole transmitter — R. F. and A. F. —
police radio equipment draw power when thus simplifying the spares problem (e.g.,
Hytron tubes are used. Filament and plate Kaar Engineering transmitters buiit around

power go on together. the HY69).

And that’s not all. The Hytron HY312Z, Wartime uses are bringing additions to
HY65, HY69, HY1231Z, and HY 1269 are the Hytron instant-heating line. Watch
rugged. HY65 performance in two-way for future announcements.

\ING TUBES

o RECE
of RAD!
USIVE MANUFACTURER
xCL
OLDEST E

MASS AC
BEVERLY & LA

FORMERLY HYTRON CORPORATION

WRENCE

20 FM axp TELEVISION
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Medium Duty
Power
Switches

® 7% amp. 115V.60 cycle A.C. ® 75,000 cycles of operation A
without contact failure
® Voltage breakdown 2500 V .E‘ 3
to ground D. C. ® Fixed stops to limit rotation
® Solid silver contacts ® 20° indexing b

)
<

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

It is indicated in applications where th= average Selector Switch |
is not of sufficieat 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
to suit individual requirements. Furnished in 1 pole ... 2 to 17
positions (with 18th position continuous rotation with 18th posi-
tion as “off"); and 2 or 3 pole . .. 2 to 5 position including “off".

\ $

“\t“

Division ¢f GLOBE-UNION INC, Milwaukee

PRODUCERS OF Variable Resistors ® Salector Switches ® Ceramic Capacitors ® Fixed and Variable ¢ Steatite insulators and Silver Mica Capacitors

June 1946 — formerly F M Ravto-ELEcTRONICS 21



HOW

llﬁ"il:l‘ﬂﬁl!l"j EQUIPMENT

COVERS THE SPECTRUM

HALLICRAFTERS Super Skyrider, Model SX-28A, covers the busiest
part of the radio spectrum — standard broadcast band, international
short wave broadcast bands, long distance radio telegraph frequencies,
and all the other vital services operating between 550 kilocycles and 42
megacycles. Designed primarily as a top flight communications receiver
the SX.28A incorporates every feature which long experience has shown
to be desirable in equipment of this type.

The traditional sensitivity and selectivity of the pre-war SX-28, rank-
ing favorite with both amateur and professional operators, have been
further improved in this new Super Skyrider by the use of “micro-set”
permeability-tuned inductances in the RF section. The inductances,
trimmer capacitors and associated components for each RF stage are
mounted on small individual sub-chassis, easily removable for servicing.

Full temperature compensation and positive gear drive on both main
and band-spread tuning dials make possible the accurate and permanent
logging of stations. Circuit features include two RF stages, two IF
stages, BFO, three stage Lamb-type noise limiter, etc. Six degrees of selec-
tivity from BROAD IF (approximately 12
KC wide) for maximum fidelity to SHARP
CRYSTAL for CW telegraphy are in-

BUY A WAR BOND TODAY

: : -
stantly available. Speaker terminals to
match 500 or 5000 ohms are provided and a I l I a EI s R A D Io
the undistorted power output is 8 watts.

A COPYRIGHT 1945 THE HALLICRAFTERS CO.

THE HALLICRAFTERS CO., CHICAGO 16, VU.S.A., WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF SHORT WAVE RADIO COMMUNICATIONS EQUIPMENT

22
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FM ON THE ROCK ISLAND

Description of a Radio Communications Laboratory on Rails

BY NORMAN WUNDERLICH *

O THE now-famthar radio communiea-

tion laboratory installations on airplanes
and trucks. the Rock Island Railroad has
now added such an installation in a car
which rolls on rails. In fact. the laboratory
tllustrated here 15 the Rock Island’s
second of a series.

The first was set up in an old eaboose.
However. it was soon learned that it was

Galvin Mfe
e 31, 11

Comt teations  Division
ration, 1545 Augusta Blvd

Cory

necessary to use a car as modern as the
equipment to he put in it. The construe:
tion of the caboose was such that it coud
only be hauled heliind medinm-fast freight
or slow passenger trains. and ihe limiteld
facthities which had been provided were
not adequate for all the conditions of re-
search and emergencies the equipment
was called npon to meet.

Since the road had embarked on an ex-
tensive radio communieations project. the

FIG. 1, LEFT: THE ROCK ISLAND’S RADIO
LABORATORY CAR. FIG. 2, ABOVE: A DE-
TAILED VIEW OF ONE ANTENNA

caboose was abandoned. and a completely
new laboratory was set up in the car pic-
tured here. Fitted with passenger trucks.
this car can be hauled on the fastest run.,
and has the added advantage that a crew
of 13 can eat, sicep, and work init. Even a
shower has been provided,

An office space at one end of the car.
to the left in Fig. 1, also serves as an op-
erating room. where communications are
handled when the laboratory is sent out on

FI1G. 3, LEFT: FM TRANSMITTER-RECEIVER IN THE OPERATING ROOM. FIG. 4, RIGHT: THE 5-KW. AC POWER PLANT FOR 115 VOLTS

2adio Histor)




emergency or test runs. .\ modified 30-
to 40-mc. Motorola FM transmitter-re-
ceiver unit is installed for this service. One
of the two antennas is shown in Fig. 2.
The other is mounted on the opposite side
of the car, and is connected in parallel.
Although they do not project above the
roof of the car, these antennas provide
ample transmitting and receiving range of
a symmetrical pattern with respect to the
length of the car.

In addition to the press-to-talk micro-
phone in the operating rooin, Fig. 8, there
1s another in the laboratory section. so
that the standard communications equip-
ment can be operated from there during
special tests and measurements.

Next down the car are the galley, always
stocked for emergency runs, the shower,
and bunks for the crew. Then come the
laboratory, Fig. 5, and the power room.
shown in Fig. 4.

The laboratory is very completely
equipped for making measurements and
field strength recordings, and for handling
repairs, as well. Checks on transmission
between 28 and 145 mc. can be made with
an FM-AM receiver and a single-wire
antenna running on stand-off insulators
along the roof. A third antenna, on the
square mounting just above the door.
Fig. 1, is used with other 160-mc. gear.

Thus, experimental work can be carried
out on all the channels now provided by
the new FCC allocations for railway radio
communications. These include 60 chan-
nels in the 152- to 162-mc. band. plus
channels to be allocated between 7+ and

FIG.5. THE LABORATORY SECTION ISCOMPLETELY EQUIPPED FOR MAKING AND RECORD-
ING FIELD STRENGTH AND OTHER MEASUREMENTS, AND FOR REPAIRS

78 or between 104 and 108 me., and cer-
tain others which will be shared with tele-
vision an the lower frequencies on a
mutually non-interfering basis.!

A small closet across from the lahora-
tory test bench
contains two Mo-
tarola Signal
Corps type walkie-
talkies and two
handie-talkies.
They can be seen
in Fig. 6. Consid-
erable information
has been collected
already  concern-
ing the use of such
unitsinvarious
emergencies, in-
cluding those
where it is neces-
sary to semd a
brakeman to the
rear under condi-
tions of snow and
fog that his lan-
tern cannot bhe
seen for any useful
distance.

Experience has
already indicated
that ' oth of these

units will probably become standard
equipment on trains moving over routes
which operate complete radio communica-
tions systems.? Eventually, a specific rou-
tine will be worked out for the operation
of portable equipment for communication
between the brakeman and the conductor
or engineer. It is easy to see how valuable
the handie-talkie can be for getting in-
formation from the hrakeman to the engi-
neer of a long freight train. for example.
These are among the problems which are
being investigated and studied, and to
which the work being done in this railway
radio laboratory will give the answers.

\nother interesting piece of equipment
is the Dictaphone recording equipment
shown in Fig. 7. Circuit arrangements are
provided so that it can be used to record
speech on any of the radio equipment
under test.

It is felt by some railroad oflicials that
it wi.l be necessary to record all communi-
cations under conditions of routine opera-
tion. Whether or not recordings will serve

1 See the table of frequency assignments for 25 me.
to 30,000 mc., released by the FCC on May 17, 1945,
published in FM anNp TeLEvVIsION for May, 1945,
page 23,

t A summary of the railway radio services, formu-
lated by Panel 13 of the Radio Technical Planning
Board was published in FM anp TELEVISION for
Deceaiber, 1945,

FIG. 6. WALKIE-TALKIES AND HANDIE-TALKIES WILL IPLAY AN
IMPORTANT PART IN RAILROAD RADIO COMMUNICATIONS

FM anp TELEVISION



FIG. 7. THIS DICTAPHONE RECORDING EQUIPMENT CAN BE CUT IN ON ANY OF THE RADIO
TRANSMITTERS AND RECEIVERS TO TAKE DOWN CONVERSATIONS

a useful purpose can be determined only
by experience. While some orders are now
issued in writing, others are given only by
visual signals. Perhaps the feeling that,
when orders are transmitted by radio. all
communications must be recorded comes
from a lingering lack of confidence in its
rehiability, rather than from actual need.
Here, again, is a practical, operational
question which this laboratory will settle
in due course of time.

Behind the laboratory section is the
power room, occupying the end of the
car. Here a 5-kw. gasoline engine driven
generator furnishes 115 volts at 60 eycles
for the radio and electrical equipment, and
for the fluorescent lights used throughout
the car. This section is sound-proofed
so that, even when the car is not in mo-
tion, the noise from the gasoline engine
does not interfere with work in the labora-
tory or the operating room.

Radio apparatus such as will be stand-
ard equipment for railway radio com-
munications does not require such a large
generator. However, this installation was
planned to meet any special needs, and
the 5-kw. power plant was chosen ac-
eordingly.

A simple switch operates an electric
starter connected to the storage batteries
seen at the right of Fig. 4. Then charging

F1G.8. TRUNK-MOUNTED FM UNITS, WITH PORTABLE ANTENNAS
ARE USED TO PATCH LINES BROKEN BY STORMS

June 1945 — formerly FM Rapio-ELtcTRONICS

current is furnished to the batteries when
the generator is running. Exhaust fumes
from the engine pass through a muffler
and a pipe which goes through the roof
of the car.

Two self-con-
tained, trunk-
mounted FM
transmitter-re-
ceiver units, Fig.
8, are stored in
the power room.
They can be used
for various
emergency com-
munications
services, but
their particular
purpose is to
patch telephone
lines broken by
storms or floods.
The transmitters
operate on differ-
ent frequencies,
to permit simul-
taneous transmis-
sion and reception
in two directions.
Automatic ring-
ing devices are

provided with this

equipment, so that breaks of several miles
can be patched, and the line kept in use.

The design of the portable antennas
used with the trunk units is of special
interest. In Fig. 8, the bases are at the left,
with the collapsible antennas leaning
against the cover of the box above. The
bases can be secured to telephone poles,
or driven into the earth. A coaxial cable
is attached permanently to each base,
and plugs into a receptacle on the front
of the trunk unit. As shown in Fig. 8,
there is a loudspeaker secured to the
cover of each unit. In addition, a push-to-
talk handset is carried inside each case.

Experience of the greatest value is being
obtained with the installation, both as to
the reliability of radio communications
and as to operating procedure. These are
equally necessary. First of all, railroad
officials are only beginning to realize that
radio has outgrown the uncertainty char-
acteristic of equipment which, in years
past, the roads tried unsuccessfully to
use. That lack of confidence can, indeed,
be overcome only by demonstrations un-
der service conditions.

Then there is the matter of working out
procedures for using radio. Methods of
communicating and signally by waving
papers and lanterns seem, to the outsider,
much too slow and extremely old-fash-
ioned. However, their certainty is known
from years and years of use, and it would
be unreasonable for railroad men to aban-
don them overnight for means that are
untried and which, to them, are com-
pletely unfamiliar.




FCC DELAY IS THREAT TO RADIO INDUSTRY

FM Manufacturers Favor FCC's No, 1 Proposal for 44—108 Mc., and Predict Serious
Unemployment If Final Allocation Is Not Made Promptly

N May 25th, the FCC issued a 225-page
Report of Allocations from 25,000 ke. to
30,000,000 ke.,! of which more than half
is devoted to FM broadcasting. Concern-
ing the proper position in the spectruin for
this service, the Commission said: “In
making an allocation for FM, it is the
Commiission’s purpose to make provision
for a service which will not be simply a
new and improved broadcast service but
which will be the finest aural broadcast
service whicli is attainable under the pres-
ent state of the radio art. The Commission
confidently expects that in the years to
come this service will develop to a point
where there may be between 1,000 to
3,000 FM transmitters and between 50
million and 100 million FM receivers in
the hands of the public.”

As for the tuning range of FM reccivers:
“In order to provide an adequate number
of channels for FM it will be necessary to
allocate a total of 20 megacycles. Eighteen
megacycles will be assigned exclusively
to FM and will provide 90 channels. The
other 2 megacycles will be available ini-
tially for assignment to stations exclu-
sively rendering a facsimile broadcast
service. It is expected that ultimately this
service will find its place in the band allo-
cated for that purpose in the $00-mc.
region 2 and that these 2 megacycles will
also be available for FM. It is, of course,
contemplated that all M receivers shall
cover the entire 20-megacycle band.”

Gratification has been cxpressed in all
quarters at the Commission’s attitude
toward channel width and fidelity stand-
ards. The Report states: “In order to real-
ize FM’s capabilities of transmitting
sound with all of its realism of tone and the
suppression of noise and other interfer-
ence, it is necessary to utilize a channel
wide enough to discriminate against noise
and other interference. . . . The Com-
mission is of the opinion that an integral
part of FM will be lost if the present
standards of fidelity are lowered, or the
present signal-to-noise ratio reduced. The
economy of spectruin utilization urged by
the advocates of the narrower channel will
be far less than the significant advantages
that will be lost by such a change and,

1 The complete allocations, listed by services, were
published in FM anp Terevision for May, 1945,
page 23.

1 Unless it is found practical to duplex facsimile and
sound broadcasting. — Editor’s Note.

26

accordingly, the Commission is retaining
the present 200-ke. channel.”

Unfortunately, the remaining essential
factor which the FCC must determine
the exact band of FM broadcast frequen-
cies — has not been decided. According to
the Report: “The choice between the
three alternatives ? discussed is not easy,
as each has much to commend it. Alterna-
tive 1 (50 to 68 mc.) involves the least
dislocation of the existing FM broadcast
service and makes possible the continu-
ance of existing techniques in transimitter
design and receciver construction. Prob-
lems from the standpoint of shadows and
tropospheric propagation appear to be
less than at higher frequencies. On the
other hand, if the predictions are borne
out, there may be substantial interference
both from Sporadic E ¢ and from F2.

“Conversely, alternative No. 8 (84—
102 me.) involves the maximum modifica-
tion of present techniques of transmitter
design and receiver construction, which it
is predicted will make equipment more
costly. Shadows and tropospheric propa-
gation may be increased although, if the
predictions are borne out, they will not
be substantially worse. On the other hand,
interference from Sporadic E and F2 will
be negligible.

“ Alternative No. 2 (68 to 86 me.) in
volves a compromise between alternatives
1 and 8. Sporadic I and F2 interference
will be greatly reduced but will not en-
tirely disappear; tropospheric propagation
and shadows may be slightly increased.
In addition, there is the image response
problem resulting from television channels
on either side of the FM band.”

The Report then explains the plan to
take time to collect data on propagation
at the higher frequencies before assigning
FM frequencies although, “It, of course,
will not be possible to collect any further
data with respect to the effects of '2 until
the next sunspot maximum, which is not
expected until 1948. . . . However, equip-
ment considerations should not be com-
plicated by moving to the higher frequen-
cies unless it is clear that there will be
definite advantages from a propagation
standpoint.”

What do the radio manufacturers think

3 8ee Alternative assignments for 44 to 108 mec.
FM anp TerevisioN for May, 1945, page 23.

4+ See " Memorandum on Sporadic E Interference’
by Major Edwin H. Armstrong, F.M axp TELEVISION
for May, 1945, page 35.

of the FCC’s Report? Some company ex-
ecutives declined to make any comment
for publication because tleir engineers
have been asked to serve on the FCC’s
committee to investigate FM propaga-
tion. Privately, those we have queried
have deplored the delay, expressed the
opinion that Alternative No. 1 should be
adopted now, and have been very definite
in saying that the value of any data ob-
tained during the summer is of no impor-
tance compared to the risk of harm to the
industry which may result from the delay
in assigning FM and television frequen-
cies. The one exception was W. P. Hilliard
of Bendix Radio, who merely coinmented
that: “Thinking of the long-term effect
on permanent FM allocations, I believe
the FCC action is in the interest of the
public and the industry.” However, it
does not appear that Bendix Radio plans
to manufacture FM receivers, as they
have not made any announceinent of such
intentions as far as we know.

Here are the texts of some of the com-
munications we received:

PILOT RADIO CORPORATION
E. L. HALL, Executive Vice President

The technical necessity of conducting
Frequency Modulation tests up to 108 inc.
this coming summer is more than doubt-
ful, because any tests on the complex is-
sues involved will be of necessity inconclu-
sive. It has been brought out in various
commiittee meetings, public hearings, and
secret hearings, that if the tests are to
mean anything, they must cover a wide
range of frequency, power, and geographi-
cal location, They must also take into
account the time of day, the season of the
vear, and particularly the period within
the eleven-year sunspot cycle. Such tests,
if they are to be conclusive, will have to
extend over a period of years. The coirdi-
nation and analysis of such tests, leading
to a conclusion which might be accepted
by "all concerned, would be in itself a
stupendous task. The evil results of inde-
cision pending the outcome of these tests
would far outweigh the problematical
good which might come out of any agree-
ment for change, if indeed an agreement of
any kind could come out of such a process.

The commercial necessity of attending
to the Frequency Modulation market the
moment civilian production is permitted
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by the Government should be overwhelm-
ingly clear to everybody who has any
knowledge of the Frequency Modulation
market as it developed before the war, and
of its importance for our industry as a
whole after the war.

Some of us might not hesitate to disre-
gard completely the great harm that would
be done to the public and to our industry
if practically all Frequency Modulation
sets in the hands of the consumer (many
of them high priced units) were to become
obsolete with a change in frequencies.
Nobody. however, could possibly overlook
the fact that any uncertainty about future
FM frequencies will create most difficult
and almost chaotic conditions for our indus-
try, and that unemployment will be created
were we compelled to neglect this definitely
established market.

The public, as well as every expert,
knows that table inodels and phonograph
combinations of higher quality, and conse-
quently higher price, should have a Fre-
quency Modulation band, and the public
undoubtedly will refuse to buy this type
of merchandise without the FM feature.
This condition in turn will force every
manufacturer (and we shall be quite a
crowd after the war) to concentrate on the
manufacturing of small, low-priced AM
riaddio receivers.

Considering the tremendons increased
productive eapacity of our industry, it is
not difficult to foresee that the demand for
low-priced receivers will be met very
quickly under such conditions, and that
over-production, with all its evil effects,
will jeopardize within the very near future
the greatest opportunity of our industry
in many years.

In summarizing, we wish to say that our
industry must be permitted to move into
the future firmly and with clear concep-
tions of technical conditions. Concerted
efforts of the administrative and legisla-
tive branches of the government, as well
as intelligent coisperation of our own in-
dustry must prevent a situation which
cau, even temporarily, endanger the Fre-
quency Modulation market and the future
of our imdustry for the sake of highly dubi-
ous technical speculation.

FREED RADIO CORPORATION
ARTHUR FREED, Vice President

We believe the decision of the FCC to
postpone frequency allocations for FM
broadcasting until after tests are completed
will cause very serious unemployment in the
event that civilian production is authorized
prior to completion of tests and will place
manufacturers vitally interested in FM
production in a position where they will
be unable to obtain satisfactory delivery
of raw materials when they are ready to
proceed with their production plans.

TELEVISION BROADCASTERS
ASSOCIATION

Federol C i C

Gentlemen:

The Board of Directors of the
Television Broadcasters Associa-
tion, Inc., at its regular meeting
held in Philadelphia, Pennsyl-
vania, on Friday, May 25, 1945,
adopted the following resolution:

A RESOLUTION

Whereas, the press release is-
sued by the Federal Communica-
tions Commission on May 17,
1945 indicated that with respect
to television frequencies, there
would be three possible alterna-
tive allocations, the selection to
be deferred to permit tests to be
carried out by an engineering
group, including the Commis-
sion’s staff, over a period of at
least three months;

And Whereas, cutbacks in use of
personnel, plants, and material
for military purposes in the elec-
tronics industry are now taking
place and will become more rapid,
while several months of design
and production engineering must
follow the definite allocation of
channels before civilian produc-
tion in quantity can use such
released labor and, furthermore,
regional and individual assign-
ments of frequencies must follow
such allocation of frequencies
and local construction and em-
ployment by individual stations
will be further deferred;

And Whereas, technical consid-
erations of design and wasteful
interference with other services
make the second alternative un-
desirable, and since the first al-
ternative is preferred because of
its long range superiority for
television considering all factors,
now therefore

Be it resolved, That the Federal
Communications Commission is
earnestly requested to adopt at
once for television alternate Plan
No. 1 which gives television

68 to 74 mec. 78 to 108 mec.
174 to 216 mec.

Be it further resolved, That the
television industry continue to
cooperate in the proposed propa-
gation tests for use in establishing
regional standards of interference
and regional assignment of tele-
vision frequencies.
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ZENITH RADIO CORPORATION
E. F. MCDONALD, JR., President

I am delighted by the Federal Com-
munication Comnmission’s wise decision
to conduct tests to determine the best
wave band for FM instead of arbitrarily
kicking it upstairs to the undesirable and
untried 84- to 102-megacycle band.

Although the preponderance of techni-
cal experts favored leaving FM in the 50-
megacycle area where it has given un-
equalled service for the past five years, a
series of tests to further prove that this is
the best location will be helpful. I am con-
fident that these tests will indicate the
desirability of assigning to FM the 50- to
(8-megacycle band, rather than the al-
ternative bands of 68-86 or 84102 mega-
cycles which have heen proposed. The
selection of the 50- to 68-megacycle band
will save the public millions of dollars in
the purchase of new radios. If FM cannot
use the 50- to 68-megacycle band, then
certainly television cannot, because tele-
vision is much more susceptible to inter-
ference than is FM.

I am sure that the radio industry, if
called upon, will cobperate, and Zemith
will do its share, to conduct these tests as
rapidly as possible. It will take some time
after final allocations are announced for
manufacturers to complete their engineering
and get ready for production. In the mean-
time, the date of reconversion is rapidly
approaching. Unless FM 1is ready to go
on the day we get the green light from W PR,
tens of thousands of new jobs will be lost.

Should, as I believe probable, the final
decision be to place FM in the 50- to 68-
megacycle band, I earnestly recommend
that for a period of two or three years
the Commission widen it to include also
48--50 megacycles. These are in tuning
range of FM sets now in the hands of the
public and, by assigning a number of sta-
tions to these frequencies, present set
owners would continue to get value from
their receivers.

STROMBERG-CARLSON COMPANY
RAY. H. MANSON, President

I have refrained purposely from making
any comments for publication on the re-
cent announcement of the FCC that no
definite allocations would be set up for
FM and television until field tests are
made this summer, as I believe the engi-
neers of the Commission are trying to get
sufficient facts to do a good job by both
of these services.

It is doubtful, however, whether suffi-
cient information can be obtained this
suminer to provide the answers for a per-
fect system, as it would take another sun
spot cycle to complete all of the tests
necessary to learn all of the vagaries of

(CONCLUDED ON PAGE 38)
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SPOT NEWS NOTES

FCC Is Asked for Action: Following the pas-
sage of a resolution by TBA asking the
FCC for immediate assignment of fre-
quencies scheduled in Alternative No. 1
(FM & T, May ’45, page 23), and a
confirming resolution by FMBI, Arthur
Freed, vice president of Freed Radio
Corporation, invited the Armstrong FM
licensees to meect at the Waldorf Astoria
on June 6th for a discussion of the situa-
tion. Major Armstrong was invited, but
he declined to attend, explaining that he
is taking a position only with respect to
the technical aspects of the propagation
questions.

After a considerable discussion which
centered around the problem of postwar
security for present civilian radio workers
and engincers and radio-trained veter-
ans, and of making FM receivers im-
mediately available to implement the
expansion of FM broadcasting to the
1,000 to 8,000 new stations predicted by
the FCC, the following resolution was
passed and transmitted by wire to the
FCC Commissioners:

WHEREAS, the manufacturers of FM
radio receivers and transmitters, are en-
gaged in vital public service;

AND WHEREAS, Frequency Modulation
has been recognized as a superior method
of radio broadcasting;

AND WHEREAS, the manufacturers of
FM radio equipment are large employers
of labor in the fulfillment of military
contracts;

Anp WHEREAS, cutbacks in use of per-
sonnel, plants and materials for military
purposes in the electronics industry are
now taking place and will become more
rapid, while several months of design and
production engineering must follow the
definite allocation of channels before ci-
vilian production in quantity can use such
released labor; regional and individual
assignments of frequencies must follow
such allocation of frequencies and local
construction and employment by indi-
vidual stations will be further deferred;
and, furthermore, the undersigned manu-
facturers seek to anticipate the need for
providing jobs for such factory employees
as are released by the lower postwar level
of production, and for the employment of
radio-trained war veterans who will seek
to enter civilian radio set distribution,
sales, and service, and the operation of
new FM broadcast stations;

AND WHEREAS, in order to assure maxi-
mum, continuous employment with mini-
mum dislocation, it is necessary to initiate
plans for the manufacture of FM sets and
broadcast transmitters without further
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delay, to anticipate adequately the time
when civilian production can be resumed;

AxDp WHEREAS, the recent action of the
FCC in postponing the allocation of fre-
quencies to FM will, in the opinion of
the undersigned, representing the pioncer
manufacturers of FM radio reccivers and
broadcast transmitters, have the follow-
ing results:

1. Because preliminary engincering on
FM sets cannot start until the new al-
locations have been announced, prompt
conversion from military to full civilian
production will be seriously delayed.

2, If the manufacture of FM sets can-
not be started promptly, this will reduce
the potential set production by a very
substantial percentage. This will be re-
flected by unemployment resulting from
the delay in allocating FM frequencies.

3. Discrimination in favor of manu-
facturers producing AM (standard broad-
cast) sets, against the manufacturers of
FM sets, inasmuch as AM manufacturers
can place orders for components now, thus
tying up future deliveries of components
for FM sets.

4. The experience of the pioneer FM
manufacturers who built FM equipment
before the war, and have been building
FM equipment for military use during the
war, indicates that nothing will be gained
by delay for further propagation tests,
and furthermore, that the alternative
allocation No. 1 will best serve public
interest, convenience, and necessity.

5. The nationwide introduction of FM
will be seriously delayed, if new sets
offered after the war arc for AM only, and
will have a prejudicial effect on the ex-
pansion of FM broadcasting.

6. If the FCC alternative allocation
No. 1 is adopted immediately, it will
facilitate the design planning of postwar
FM sets, and make it possible for all those
employed in the radio industry to con-
tinue their efforts on military production
with the assurance that the hardships of
reconversion have been reduced to a
minimum. The proposed delay, possibly
complicated by the allocation of higher
frequencies, will unduly prolong the period
of preparation for the manufacture of
FM receivers and transmitters. Now,
therefore

BE 1T RESOLVED, that the undersigned
pioncer FM radio manufacturers endorse
the recommendation of the Frequency
Modulation Broadcasters, Inc. and Tele-
vision Broadcasters Association, and
strongly urge that the FCC adopt at
once the alternative allocation plan No. 1
as proposed by the Commission.

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

SIGNED:

Ansley Radio Corp., Long Island City,
N. Y.

Espey Manufacturing Co., Inc., New
York.

Freed Radio Corporation, New York City.

Garod Radio Corporation, Brooklyn,
N. Y.

General Eleetric Company, Schenectady.

Meissner Manufacturing Co., Mt. Car-
mel. TIL

Pilot Radio Corp., Long Island City,
A

Radio Engincering Labs., Inec., L. L. City,
N. Y

Scott Radio Labs., Inc., Chicago, Il

Stromberg-Carlson Co., Rochester, N. Y.

Zenith Radio Corporation, Chicago, 111,

Artuvr FREED, Freed Radio Corporation
Conferenee Chairman

Kilgore Committee: Ilas issued a 400-page
monograph entitled “Wartime Techno-
logical Developments,” based on a study
by the Labor Department’s Bureau of
Labor Statistics. Concerning postwar FM
and television, the report states that re-
ceiver prices “may be higher than those
of comparable prewar models.” As to FM
broadecasting: ““It is freely predicted that,
except for a few clear channels and other
AM stations serving primarily rural areas,
FM will replace AM broadcasting within
a decade after the war.” Such a prediction
should be qualified by the explanation
that AM may, in some instances, provide
superior rural coverage over flat terrain,
but FM rural coverage has proved far
superior where there is high ground on
which the transmitter can be located.
Copies of this report can be obtained from
the Senate Subcommittee on War Mobi-
lization, Senate Office Building, Washing-
ton, D. C.

Contract Cutbacks: Have already necessitated
release of employees by several large radio
manufacturers. Melvin E. Kearns, as-
sistant director of WPB Radio & Radar
Division, has issued an estimate for mili-
tary production requirements of $220,-
000,000 per month for the next four
months, adding: “Beyond that, the out-
look is uncertain.”’ However, this estimate
does not indicate the true condition which
the industry faces in the immediate future
because it does not take into account the
4-billion-dollar cutback in aircraft pro-
duction, in which radio and radar equip-
ment is a substantial item. In addition,
the Signal Corps is making sharp cutbacks
in its radio contracts. When the revised
(CONTINUED ON PAGE 85)
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NEWS PICTUR

TATION KPRO, Blue affiliate located
at Riverside, California, in one of the
richest west coast markets, plans to erect
a television transmitter on 9.100-ft. snow-

June 1945

topped Cueamonga Peak (see background).
To AM station illustrated will be added
an auditorinm seating 500, and an ouiside
garden studio built around a swimming
pool. General E'ectric +-kw. video and
1-kw. aural transinitters are planned for
service to the great farming communities
of Scuthern California. Intention is to

formerly M Rapto-ErLecTiro:

step the transmitters up to 40-kw. and 10-
kw. respeetively, later on. Owners have a
distributing organization to handle and
develop receiver sales. Speeial service pro-
grams wili featare farm experiments, gar
den growing, and nursery demonstrations.
Call letters KARO have been reserved for
the time when construction is authorized.
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Ghapter 5: GConfinuation of FM Transmitter Circuits: Discussion of Armstrong Modulator

N THE preceding chapter, the genera-

tion' of FM signals by the use of react-
ance-tube modulators was discussed. It
was noted that the reactance-modulated
oscillator cannot be crystal-controlled be-
cause, during modulation, the reactance
variation must, cause the oscillator fre-
quency to swing over a considerable
range. Lacking crystal contrdl or other
means for frequency stabilization, the
average or center frequency generated by
the oscillator is subject to drift which may
extend beyond the frequency stability
limits established by the FCC.

The drift can be minimized by the use
of frequency stabilization circuits in which
the center frequency of the transmitter
output, or a subharmonic thereof, is com-
pared to the frequency of a reference
crystal oscillator. When the center fre-
quency drifts away from the assigned
value, the stabilization circuits exert cor-
rective measures upon the reactance-tube
modulator, or upon the modulated oscil-
lator, to bring the center frequency back
to the correct value.

At best, however, such circuit arrange-
ments represent an indirect solution to the
problem of maintaining the frequency
stability, because the center frequency
component is compared with the reference
Sollowing its generation.

The direct solution lies in having the
center frequency component of the signal
under crystal control during its generation.
With the stability of the center frequency
established at the source, auxiliary fre-
quency stabilization circuits, together
with their potential troubles, are elim-
inated from the transmitter.

The Armstrong phase-shift modulator
circuit provides a direct solution to the
problem of maintaining the frequency
stability of an FM transmitter. The center
frequency component of the FM wave is
generated by an oscillator that is crystal-
controlled and therefore of very high fre-
quency stability. Thereafter, the sideband
components, which are generated in a
modulator that is excited by the same
oscillator, are combined in such phase
with the center frequency component as
to produce a voltage having a slight de-
gree of frequency modulation. The fre-
quency-modulated voltage is then passed
through a multiplication system which
increases the center frequency and the
slight frequency deviation by such factors
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as will give the desired transmitter output
frequency and frequency deviation. Fi-
nally, the voltage is used to excite a series
of power amplifier stages to raise the
power to the required level for the trans-
mitter output.

modulator, it is well to review the points
of similarity and difference of slightly
modulated AM and FM waves.

In Chapter 1, AM and FM waves were
analyzed and shown to be comprised of
components at the carrier frequency and
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Topresentaclearpicture of the operation
of the Armstrong phase-shift modula-
tion system, the creation of the frequency-
modulated wave will be described graphi-
cally and with reference to the original
simple form of the .\rmstrong modulator.
Thereafter, the features of the new and
improved Armstrong modulator circnit
will be explained.

Slightly Modulated AM and FM Waves » Before
considering the method by which FM
waves are produced by the Armstrong

at sideband frequencies. The amplitudes
of these components were found to depend
upon the amplitude of the modulated
wave and upon the degree of modulation.

It was noted that with modulation at a
single modulating frequency, the AM
wave has only one pair of sideband com-
ponents, regardless of the degree of modu-
lation, up to 100%. The FM wave, on the
other hand, can have a large number of
sideband components, depending upon
the modulation index. However, when the
modulation index is less than 0.2, that is,
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with very slight frequency modulation,
only one pair of sidebands has sufficient
amplitude to be significant, and the ampli-
tudes of these sidebands are proportional
to the modulation index.

It was further pointed out, in Chapter
1, that the center frequency and sideband
components of a slightly modulated FM
wave can be the same tn amplitude and in
Srequency as the components of a partially
modulated AM wave. It was stated, how-
ever, that this does not mean that the two
waves are identical. In the case of the FM
wave, the sideband components are differ-
ently phased with respect to the carrier, so
that v’\'hen they are added to the earrier, a

When these waves are analyzed by the
methods given in Chapter 1, it is found
that botk waves have 1) a carrier frequency
component with an amplitude of 0.99
ampere, 2) a lower sideband component,
at carrier frequengy iminus modulating
frequency, with an amplitude of .0995
ampere, and 3) an upper sideband com-
ponent, at carrier frequency plus modu-
lating frequency, also having an amplitude
of .0995 ampere.

In Figs. 40 and 41 the carrier frequency
components are shown immediately below
the modulated waves. When the carrier
frequency component is subtracted from
the modulated wave, the remainder is the
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FIG. 41. AM WAVE HAVING SAME COMPONENTS AS FM WAVE IN FIG. 40. NOTE, HOWEVER,
THE ZERO PHASE DISPLACEMENT OF DOUBLE SIDEBAND

wave of constant amplitude and varying
frequency-is produced, rather than a wave
of varying amplitude and constant
frequency.

Figs. 40 and 41 offer specific examples
of the condition mentioned above. At the
top of Fig. 40 is shown the wave form of
an FM current having an amplitude of 1
ampere and a modulation index of 0.2.
At the top of Fig. 41 is shown the form
of an AM current having an average am-
plitude of 0.99 ampere and a modulation
percentage of 20.1,

sum of the two sideband components.
called the double sideband. The double
sidebands are shown beneath the carrier
frequency components in Figs. 40 and 41.

In spite of the fact that the amplitudes
and the frequencies of the components of
the wave in Fig. 40 are the same as the
respective components of the wave in
Fig. 41, it is found that the sum of these
components produces a frequency-modu-
lated wave in Fig. 40 and an amplitude-
modulated wave in Fig. 41, Why?

The answer lies in the phase relation-
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ship of the sidebands with respect to the
carrier. It will be observed that in the case
of the amplitude-modulated wave, Fig. 41,
the intercepts of the double sideband
wave with the time axis occur simultane-
ously with the intercepts of the carrier
frequency component. On the other hand,
in the case of Fig. 40, the intercepts of the
double sideband occur at instants differing
by one-quarter cycle from the instants of
the intercepts of the carrier frequency
component. In the case of Fig. 41 the
summation of the components gives an
amplitude-modulated wave. In Fig. 40
the summation of the same components,
but with the sidebands shifted 90° along the
time axis, gives a frequency-modulated
wave.

Principle of Armstrong Modulator * The scheme
of operation of the Armstrong modulator
can be understood by reference to Figs. 40,
41. The double sideband current of Fig, 41
is created in a special type of AM modu-
lator, excited at the carrier frequency but
employing a circuit which suppresses the
carrier frequency component in the modu-
lator output. The double sideband is thew
displaced along the time axis, to the extent
of one-quarter cycle, by a 90° phase-shift
device. The phase relationship between
the carrier frequency and the double side-
band then becomes that shown in Fig. 40.
If the double sideband component and
carrier component are now combined in
the proportions of amplitude shown in
Fig. 40, the frequency-modulated wave at
the top of Fig. 40 is produced.

Excellent frequency stability of the
carrier component is assured by the use of
a crystal-controlled oscillator for generat-
ing the original carrier frequency com-
ponent.

Of course, only a slight degree of fre-
quency modulation is obtainable, because
only one pair of sidebands is added to the
carrier. However, if the carrier frequency
is made low, so that a sufficient number of
frequency multiplying stages are em-
ployed in raising the frequency to the as-
signed transmitting frequency, the fre-
quency deviation is increased by the same
factor as the frequency is increased in each
multiplier stage. Thus a large frequency
deviation can be obtained from a fre-
quency-modulated wave whose initial
frequency deviation is quite small.

Original Armstrong Phase-Shift Modulator « A
block diagram of original arrangement of
the Armstrong modulator is shown in
Fig. 42. The elements involved in the crea-
tion of waves having a slight frequency
modulation at a given modulating fre-
quency are enclosed within the dotted
line. The circuit diagram for these ele-
ments is shown in Fig. 43.

It will be seen that the output of a
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crystal-controlled oscillator at a frequency
in the order of 200 ke. is applied simul-
taneously to the carrier frequency ampli-
fier stage and to both grids of the balanced
modulator.

The balanced modulator serves to pro-
duce the double sideband illustrated in
Fig. 41. The grids of the modulator tubes
in Fig. 43 are connected in parallel to the
oscillator, but the plates are connected in
pushpull to the load circuit C,I.,1.C..
The condensers C, and C; serve to neu-
tralize the reactances of L, and L., giving
a purely resistive path for the RF com-
ponents of the modulator plate current.
This brings the RF components of the
plate currents into phase with the common
grid voltage, and hence into phase with
each other.

The voltages appearing across the two
halves of the secondaries of the trans-
former are inserted in opposite polarity in
the screen grid returns of the two tubes.
Thus during the first alternation of the
audio modulating voltage, one screen is
rendered more positive by the voltage
across one half of the transformer second-
ary, while the other screen is rendered less
positive by an equal voltage across the
other half of the secondary.

This creates an unbalance such that the
net RF field sweeping the coil 1. has a
polarity determined by the predominant
RF component of plate current, and a
strength dependent upon the degree of
inequality of the RF components of the
plate currents of the two modulator tubes.

During the second alternation of the

a condition of maximum expansion and is
stationary for an instant before contract-
ing. Thus there is a 90° phase displace-
ment between voltage induced in L and
the net RF field about L.l Since L is
untuned, no further phase shift occurs
before the voltage induced in L is applied
to the grid of the sideband amplifier stage.
In view of the 90° phase shift of the modu-
lator output, the phase relationship of the
RF components of plate current of the
sideband amplifier and the carrier fre-
quency amplifier, Fig. 43, will be that
shown for the double sideband and center
frequency components, Fig. 40. If the
amplitudes of the RF currents are also in
the proportion shown in Fig. 40, then
when the currents are drawn through a
common load resistor R, the voltage

-
| !
| |
CARRIER Fw
crvstaL | 1o . ~ ~ . |rrequency FREQUENCY POWER
> »——{FREQUENCY |—> VOLTAGE —  wmixer | —
OSCILLATOR : AMPLIFIER - AMPLIFIER i MULTIPLIERS IMULTIPLIERS AMPLIFIER
Y
] 1 |
| |
|
: saLancen |, f oot prase |, | SouUSLE i CRYSTAL
i MODULATOR CHANGER AMPLIFIER ) oS CILLATOR
| } |
| g
| |
| AuDIO |
CORRECTION
'I MODULATOR |
[

FIG. 42. A BLOCK DIAGRAM OF THE ORIGINAL ARMSTRONG PHASE-SHIFT MODULATOR CIRCUIT

Sinee the RF components of the plate
currents flow toward the common junc-
tion of I, and L. from opposite ends of
C,L,L.C,, it follows that when the tubes
are well matched and operating with equal
voltages on the tube electrodes, the RF
voltage induced in coil L, equally coupled
to I, and L., will be zero, because the
effects of the field created about L, are
cancelled by the effects of the ficld created
about L,.

However, if the tubes are not well
matched, or if the voltages applied to the
tubes are not equal, then the RF com-
ponent of the plate current of one tube
will be greater than that of the other tube.
The net RF field set up around LiL.,
which sweeps coil L, will then have a
polarity dependent upon which tube has
the larger RF component of plate current.
The strength of the net RF field will vary
as the degree of unbalance between the
two tubes.

In the modulator of Fig. 43, the tubes
are deliberately unbalanced during modu-
lation by applying the audio modulating
voltage at the primary of transformer T'.
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modulating voltage, the unbalance is
shifted in the opposite direction, and the
net RF field sweeping coil L, is reversed in
polarity.

In this way the net RF field sweeping
coil L. changes polarity as the audio modu-
lating voltage changes its polarity, and the
strength of the net RF field varies as the
instantaneous value of the audio modulat-
ing voltage. lence the balanced modu-
lator produces a field about LI, that has
the wave form of the double sideband
illustrated in Fig. 41. Moreover, the field
has the same phase relation with respect
to the carrier voltage on the modulator
grids as that shown for the double side-
band with respect to the carrier frequency
component in Fig. 41.

The voltage induced in coil L, however,
has a phase displacement of 90° with
respect to the inducing field. This is inher-
ent in the process of induction. For ex-
ample, the maximum induced voltage
occurs at the instants when the inducing
field is changing most rapidly. Similarly,
the voltage induced in L is zero at the in-
stant when the inducing field has reached

wave across Ry will have a slight fre-
quency modulation as shown at the top
of Fig. 40.

Comparison of the frequency-modu-
lated wave in Fig. 40 with the dotted
curve of an unmodulated wave of the same
average frequency shows that the effect of
adding the double sideband component
(after 90° displacement along the time
axis) to the carrier component is to create
a wave that is alternately advanced and
retarded in phase with respect to the
carrier. Hence the circuit of Fig. 43
is called the Armstrong phase-shift mod-
ulator.

The greater the ratio of the amplitude
of the double sideband component to the
amplitude of the carricr component, the
greater the phase deviation of the wave
created by combining the two compo-
nents. However, if the amplitude of the
double sideband is made greater than
about one-fifth of the amplitude of the
carrier, so that the phase deviation is
greater than about 0.2 radian, then two
undesirable effects will become evident.
1) The wave will have appreciable ampli-
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tude variation as well as frequency varia-
tion, and 2) the phase deviation will no
longer be proportional to the amplitude
of the double sideband, as determined by
the amplitude of the modulating voltage.
Thus only a slightly modulated FM
wave should be produced in the phase-
shift modulator. As long as the amplitude
of the double sideband is less than one-
fifth of the carrier amplitude, making the
modulation index less than 0.2 and the
phase deviation less than 0.2 radian, then
the phase deviation will be proportional to
the amplitude of the audio modulating
voltage, and an essentially distortionless
modulated wave will be produeed.

Alternate Circuit Arrangements * There are a
number of alternate arrangements of the
Armstrong phase-shift modulator, all
operating on the same principle of com-
bining the double sideband with the car-
rier frequency component in phase quadra-
ture, that is, after displacement by 90°
along the time axis. For example, the grids
of the balanced modulator tubes may be
excited by voltages 180° out of phase with
each other, while the plates are connected
in parallel to a common load. The same
suppressed-carrier double sideband output
will be obtained. Another arrangement
commonly employed is to insert the 90°
phase-shift in the excitation of the modu-
lator rather than at its output. Various
other devices can be used for obtaining
the 90° phase-shift.

A simple alternate arrangement of the
Armstrong modulator is shown in Fig. 44.
Here the oscillator output is applied to
three voltage dividers in parallel. The
first of the dividers is purely resistive
throughout and the portion of the oscil-
lator voltage tapped off the divider is
applied without shift of phase to the car-
rier frequency amplifier tube. The RF
current passed through the plate load
resistor Ry, by this tube is therefore in
phase with the oscillator voltage.

The second of the voltage dividers con-
sists of an RC network in which the resist-
ance of R very greatly exceeds the re-
actance of C at the oscillator frequency.
The current in this branch therefore is
practically in phase with the oscillator
voltage applied to it but the sinall voltage
across C lags the current by 90°. Hence it
also lags the oscillator voltage by 90°
The voltage across C is used to excite one
of the modulator tubes.

The third of the voltage dividers con-
sists of an RL network in which the resist-
ance of R very greatly exceeds the re-
actance of L. Again, the current in the
network is practically in phase with the
applied voltage from the oscillator but the
voltage taken from I for excitation of
the modulator tube leads the current and
the oscillator voltage by practically 90°.

Thus the grids of the balanced modu-
lator are excited by voltages which re-
spectively lag and lead the oscillator volt-
ages by 90° and are therefore 180° out
of phase with each other. In effect, the
grids of the modulator tubes are excited in
pushpull, while the plates are connected in
parallel. If the tubes are balanced, the RF
components of the plate currents are equal
and opposite at every instant. Under a

mined by the polarity of the audio voltage.
The net eurrent will have an amplitude
dependent upon the degree of unbalance
existing between the tubes, as determined
by the amplitude of the audio voltage.
Thus the wave form of the net RF current
of the two modulator tubes will be that of
the double sideband illustrated in Fig. 40.
In view of the 90° phase shift introduced
in the excitation, the relation of the double
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FIG. 43. CIRCUIT FOR PRODUCING SLIGHTLY MODULATED FM WAVES

condition of balance. no RF current flows
in the coonmon lead of the two modulator
tubes to the load resistor R, and the
only RF voltage appearing across Rir is
that created by the flow of the carrier
frequency amplifier RF plate current.

On the other hand, if the modulator
tubes are alternately unbalanced in one
direction and then in the other by an
audio voltage applied in pushpull to their
screen grids, the flow of RF current is
alternately favored in one tube and then
in the other. The net RF current in the
common lead from the plates of the modu-
lator tubes to the load resistor Ry, will no
longer be zero. The net current will have a
polarity dependent upon which of the
modulator tubes has the predominant
RF component of plate current, as deter-
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sideband current in RL to the carrier
current in Ry, will also be that shown in
Fig. 40. If the peak amplitude of the
double sideband is one-fifth of the ampli-
tude of the carrier, the voltage drop across
resistor Ry, will have the wave form of the
frequency-modulated wave shown at the
top of Fig. 40.

Audio Frequency Correction % In the preceding
discussion, a single fixed modulating fre-
quency has been assumed. During the
transmission of speech and music, how-
ever, the modulating frequency is varied,
and components at several frequencies are
often present at the same time. What
effect will a change in modulating fre-
quency have upon the wave produced in
the circuits of Figs. 43 and 44?
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It is noted in Fig. 40 that there are two
instants of peak phase deviation for each
cycle of the modulating frequency. In
other words, during each cycle of the modu-
lating frequency, the FM wave alternately
acquires a maximum amount of lead and
then 2 maximum amount of lag with
respect to an unmodulated carrier of the
same average frequency. The amount of
the maximum lead or lag that is acquired
depends upon the ratio of the peak ampli-
tude of the double sideband to the ampli-
tude of the carrier component, and does

age, which determines how many times per
second the output wave alternately ac-
quires the lead and lag.

In Chapter 4, however, it was stated
that the FM wave must have a frequency
deviation that is proportional to the am-
plitude of the modulating voltage but
independent of its frequency.

To meet this specification for the trans-
mitter output, it is necessary to counteract
the characteristic of the modulator circuit
whereby an audio modulating voltage of a
given amplitude having a high frequency
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FI1G. 44. AN ALTERNATE FORM OF THE ARMSTRONG MODULATOR

not depend on the modulating frequency.

When the frequency of the audio volt-
age at the modulator is increased without
changing the amplitude, more cycles of
the modulating voltage occur within any
given time period, and the time interval
between the successive instants of maxi-
mum lead and lag is reduced. This causes
the time periods of the cycles of the FM
wave to change by a greater amount from
one cycle to the next so that the same
maximum amount of lead or lag is pro-
duced in the shorter time interval.

Hence the modulator circuits of Figs. 43
and 44 have the characteristic of giving a
frequency deviation that is proportional
to 1) the amplitude of the modulating
voltage applied to the screen grids of the
modulator which determines the maxi-
mum amount of lead and lag acquired, and
2) the frequency of the modulating volt-
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would cause a greater frequency deviation
than an audio modulating voltage of the
same amplitude having a lower frequency.

The problem is handled quite easily by
inserting an audio frequency correction
network in the audio channel before the
audio voltage is applied to the screen grids
of the balanced modulator.

The circuit of a typical correction net-
work is shown at the lower left of Fig. 43.
In this case, a series RC network is con-
nected across the loaded secondary of an
audio transformer. The resistance of R is
quite high compared to the reactance of C
so that, for any given amplitude of the ap-
plied voltage, practically the same current
flows in the RC network regardless of the
Sfrequency of the applied voltage. Since the
reactance of C varies inversely as the fre-
quency, the voltage taken from C for exci-
tation of the correction amplifier tube is

practically inversely proportional to the
frequency.

By rendering the amplitude of the
modulating voltage inversely proportional
to its frequency before applying the volt-
age to the screen grids of the balanced
modulator, the characteristic of the modu-
lator, by which a greater frequency devia-
tion is produced at higher modulating fre-
quencies is discounted in advance.

Thus, the maximum frequency devia-
tion of the output wave is made pro-
portional to the amplitude of the audio
modulating voltage before correction, but
independent of the frequency of the modu-
lating voltage. The audio frequency correc-
tion network is an essential elemnent of the
phase-shift modulator designed to produce
FM waves that are modulated over a
range of audio frequencies.

Freguency Deviation Multiplication » In order to
obtaln distortionless modulation from the
phase-shift modulator, it has been stated
that the maximum phase deviation of the
FM voltage at the output should not ex-
ceed 0.2 radian. In other words, the modu-
lation index of the FM voltage across R
in Figs. 43 and 44 should not exceed 0.2.

A maximum modulation index of 0.2
for a transmitted FM wave would, of
course, be quite insufficient to permit
realization of the noise and interference
reduction characteristics of the FM sys-
tem. However, the modulation index of an
FM signal can be increased, after genera-
tion and before transmission, by passing
the signal through a series of frequency
multipliers. Each multiplier stage in-
creases the frequency deviation and the
modulation index of the signal by the
same factor as the center frequency is,
increased.

How much frequency multiplication
will be required to obtain a frequency
deviation at the transmitter output sufhi-
cient to realize the benefits of the FM
system?

The accepted ratio of the maximum
frequency deviation of the transmitter
output wave to the highest modulating
frequency is 5 to 1. For example, in FM
broadcast service, the maximum fre-
quency deviation is 75 ke. for a highest
modulating frequency of 15 ke., equiva-
lent to 2 modulation index of 75/15 or 5,
and a maximum phase deviation of 5
radians,

However, the largest modulation index
and phase deviation of the transmitted
wave occur with full modulation at the
lowest modulating frequency. For example.
if the lowest audio frequency in the FM
broadcast service is taken as 50 cycles,
then with a deviation of 75 ke. at full
modulation, the modulation index be-
comes 75,000/50 or 1,500, equivalent to a
phase deviation of 1,500 radians.
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Hence, in FM broadcast service, where
the range of modulating frequencies is 50
to 15,000 cycles and the maximum fre-
quency deviation is 75,000 cycles, the
transmitter should incorporate sufficient
multiplication to raise a maximum phase
deviation of 0,2 radian at the output of
the phase-shift modulator to 1,500 radians
at the transmitter output. This calls for a
multiplication of at least 1500/.2 or 7,500.

If doubler stages are used throughout
the multiplication system, 13 stages are
necessary, giving an overall multiplica-
tion of 28 or 8,192. A combination of
5 doubler and 3 tripler stages can be em-
ployed, giving an overall multiplication of
28 X 3% or 7,776,

used to excite the modulator should be in
the order of 190 to 200 ke. If a much lower
oscillator frequency were employed, such
as 50 ke., the sideband frequencies would
differ from the carrier by such a large per-
centage that the modulator circuits would
discriminate somewhat against one side-
band or the other, thus causing distortion.
In fact, sideband correction networks
were required in some of the earlier modu-
lators operating at frequencies consider-
ably less than 200 ke., in order to over-
come this effect.

If the oscillator frequency is taken at
about 200 kc., and if straight frequency
multiplication of at least 7.500 is em-
ployed to hold the phase deviation of the

put, however, is just as great as that of the
multiplied frequency fed to the mixer.

Thus, by the use of the mixer stage and
crystal-controlled oscillator, it becomes
possible to multiply the frequency devia-
tion by more than 7,500 times, while
multiplying the center frequency by a
factor in the order of 200 or 250.

The frequency of the crystal-controlled
oscillator is made such as to yield a beat
frequency at the output of the mixer stage
that can be multiplied to give the exact
assigned carrier frequency.

For example, if the assigned frequency
is 42.3 mc., and there is multiplication of
96 times between the output of the mixer
and the input of the power amplifier, then
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FIG. 45. CIRCUIT OF THE IMPROVED ARMSTRONG PHASE-SHIFT MODULATOR OF THE TYPE USED IN THE LATEST FM BROADCAST

In the latter case, for a condition of full
modulation at 50 cycles, the phase devia-
tion at the output of the phase-shift
modulator is 1,500/7,776 or .193 radian,
corresponding to a modulation index of
0.193. At modulating frequencies higher
than 50 cycles, the phase deviation at the
transmitter output is less than 1,500
radians, making the phase deviation at the
output of the phase-shift modulator less
than 0.193 radian. Thus at all modulating
frequencies in excess of 50 cycles, the
phase-shift modulator is operated within
the phase deviation limit of 0.2 radian,
while at frequencies somewhat lower than
50 cycles, the maximum phase deviation
of the modulator is not sufficiently in
excess of 0.2 radian to cause serious
distortion.

Center Frequency Multiplication * Where the
highest modulating frequency is 15,000
cycles, as in FM broadcasting, the fre-
quency of the crystal-controlled oscillator

TRANSMITTER INSTALLATIONS

modulator within 0.2 radian, then the
center frequency after multiplication will
be at least 7,500 X 0.2 or 1,500 nc., or far
beyond the band of frequencies assigned
to FM broadecasting.

It is clear, then, that the center fre-
quency can not be multiplied by as many
times as the frequency deviation. Yet
each multiplier stage increases the center
frequency by the same factor as the fre-
quency deviation.

The problem is easily solved by the use
of a converter, or mixer stage, inserted in
the chain of frequency multipliers, as
shown in Fig. 42. The multiplied frequency
at the point of insertion is applied to the
mixer, along with a fixed frequency from a
crystal-controlled oscillator, differing from
the nmultiplied frequency by a known
amount. The center frequency of the
mixer output is the difference of the two
frequencies at the input, producing a new
center frequency of a much lower order.
The frequency deviation at the mixer out-
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the frequency at the output of the mixer is
42,300/96 or 440.6 kc. The frequency of
the crystal-controlled oscillator must be
440.6 kc. less than the multiplied fre-
quency applied at the mixer input.

If the master oscillator has a frequency
of 200 ke., and if this frequency is multi-
plied 81 times before application to the
mixer, then the multiplied frequency at
the mixer input is 16,200 ke. To obtain a
frequency at the mixer output of $40.6 kc.,
the frequency of the crystal-controlled
oscillator should then be 16,200 — $40.6 or
15,759.4 ke.

While the frequency of the crystal-
controlled oscillator used with the mixer is
chosen with the thought of obtaining a
particular output frequency from the
transmitter, it must not be assumed that
the frequency stability of the transmitter,
Fig. 42, is determined by the second oscil-
lator alone. As a matter of fact, the stabil-
ity depends on the frequency stability of
both oscillators.
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The stability of the transmitter ar-
rangement illustrated in Fig. 42 is less,
theoretically, than if the frequency were
determined by a single crystal-controlled
oscillator. In practice, the output fre-
quency drift with both oscillators under
crystal control is a small fraction of that
allowed under FCC regulations. Further-
more, a new Armstrong modulator eircuit
has been designed, in which the frequency
stability is determined entirely by the
crystal-controlled oscillator at the mixer.

Improved Armstrong Phase-Shift Modulator « The
circuit of the improved Armstrong phasc-
shift modulator, employed in broadcast
transmitters, is shown in Fig. 45.

The output of a crystal-controlled
oscillator operating at a frequency in the
order of 200 ke.. is passed through a buffer
amplifier whose tuned output circuit is
inductively coupled to the input coil L of a
balanced modulator.

The voltage appearing across the modu-
lator input eoil L is applied to the 90°
phase-shift network CRRC. At the ap-
plied frequency, about 200 ke, the re-
actances of CC very greatly exceed the
resistances of RR, so that the current in
CRRC leads the applied voltage from coil
L by practically 90°,

The voltage drops across the resistors
RR are therefore practically 90° out of
phase with the voltage across the input
coil L. The common cathode lead from the
modulator tubes is connected to the com-
mon junction of RR, while the grids of the
tubes are connected to the extremities of
RR. Thus the grids are excited in opposite
polarity by voltages across RR that have
been shifted 90° along the time axis with
respect to the voltage across the input
coil L,

The modulator operates on the same
principle as the modulator shown in Fig.
44, the carrier component being balanced
out because the plates are connected in
parallel while the grids are excited in
push-pull. The net RF current drawn by
the modulator plates has an amplitude
proportional to the amplitude of the audio
modulating voltage and a polarity de-
pendent on the polarity of the modulating
voltage. The current drawn through the
load by the modulating tubes has the
wave form of the double sideband in Fig,
40. The phase relation of this current to
the voltage across the input coil L is the
same as that shown between the double
sideband and the carrier ecomponent in
Fig. 40.

The manner in which the double side-
band current and the carrier current are
combined in the improved modulator,
Fig. 45, differs from that employed in the
circuits of Figs. 43 and +4. It will be ob-
served that no carrier frequency amplifier
tube is employed in the new circuit. The
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center frequency voltage at the modulator
input coil is led through resistors R¢-Re.,
around the modulator, and is applied to
the opposite terminals A, B of the tuned
('il‘Cllit L[C|C1C3.

With respect to the center frequency
voltage applied at points A, B, the tuned
circuit L;C,C.C; is at parallel resonance, so
that the current drawn from the input
coil L through R¢-R¢. is in phase with the
input coil voltage. The center frequency
voltage appearing across points A,B by
virtue of the currents drawn through
R¢R¢ is therefore in phase with the
voltage at the modulator input coil. By
grounding the common junction of con-
densers C, and Cs, equal center frequency
voltages of opposite polarity are applied to
the tripler grids, as shown by vectors E¢y
and E¢; in the small vector diagrams.

by twice the amount of mutual inductance
M. Thus, in diagram (B) of Fig. 46, the
inductance offered by the coil between
terminals A,Bis L, + Ly + 2M.

This leads to the three-terminal net-
work of diagram (C), Fig. 46, which is the
equivalent of the coil in diagrams (A) and
(B). The equivalence can be easily checked
by adding the inductances between cach
pair of terminals.

Between terminals A,C, the inductance
is Ly 4+ M — M or simply L,, the self-
inductance of the turns in the upper sec-
tion. Between terminals C,B, the induct-
ance is —M + Ly + M or simply Ly, the
self-inductance of the turns in the lower
section. Finally, between terminals A,B,
the induetance is Ly + M + Lg + M, or
Ly + Ly 4+ 2M, that is, the sum of the
self-inductances increased by twiece the

(A)

A A
|
Lat M [
} -M '
M c
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FIG, 46, COIL L, OF FIG, 45, AND ITS EQUIVALENT NETWORKS

The above condition oceurs in the ab-
sence of modulation. Actually, of course,
during most of the time the transmitter is
on the air, audio voltage is applied to the
modulator screen grids and a double side-
band is created. The manner in which the
double sideband is added to the carrier
by way of network L.C, will now be
explained.

The coil L;. Fig. 43, has two terininals
and a center tap, and can be regarded as a
3-terminal network. This is illustrated in
Fig. 46, at (A). Each half of coil L, repre-
sents inductance in itself. This type of
inductance is termed self-inductance, and
is the amount of inductance offered by the
turns in each half of the coil when the
other half is disconneeted. The self-induct-
ances are denoted by L, and Ly in dia-
gram (B) of Fig. 46.

When both sections of the coil are con-
nected in series, the field set up about each
section sweeps across the turns of the
other section, This effect is called mutual
induction, and causes the inductance of
the entire coil to be increased. The induc-
tance of the coil becomes the sum of the
self-inductances of its sections, increased

mutual inductance, or again the value to
be expected.

Coil L of Fig. 45 can be replaced by the
mathematically equivalent network of
diagram (C) Fig. 46. This substitution
has been made in Fig. 47, in which the
circuits to which the output of the hal-
anced modulator is delivered have been
redrawn. In Fig. 47, the generator repre-
sents the double sideband voltage devel-
oped by the modulator. The ecapacity
across Ly of Fig. 45 has been assumed in
Fig. 47 to reside entirely in two scries
-ariable condensers C, and Cy, rather
than in the form of a fixed capacity C,
and two variables, C; and C,, as in Fig.
45. This change has been made to simplify
the explanation of circuit operation, since
the fixed condenser C3 of Fig. 45 is em-
ploved solely to avoid the use of exces-
sively large variable condensers.

The tuned circuit L,C,C,C3, Fig. 43, 1s
resonant to the center frequency voltage
applied at terminals A.B. Thus, in Fig.
47, the total capacitive reactance of C,
and Cy in series is equal to the total
inductive reactance of 1., + M in series
with Ly + M, Because of the circuit
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svmmetry, the inductive reactance of
L + M equals the capacitive reactance
of C,, and the inductive reactance of
Lg + M equals the capacitive reactance
of Cu. Therefore, between point E in Fig.
47 and ground, the parallel branches
Ca, Lo+ M and Cy, Lg + M are series
resonant at the center frequency. The
only opposition to current flow at the
center frequency between point E and
ground is the low resistance of the coil
sections.

The inductance of coil L; is sufficiently
in excess of the negative inductance —M
between points C and E to cancel —M
and to leave a positive remainder of
inductance that can be tuned to parallel
resonance at the center frequency by
means of condenser C4. In this way, the
balanced modulator delivers its output to
a resistive load.

The current in the inductive branch,
comprised of Lz, —M, and the low resist-
ances between point E and ground, lags
the voltage applied from the double side-
band generator by practically 90°. At
point E, the current divides equally be-
tween the series resonant paths to ground.
The voltages across the condensers C,
and Cy are equal to each other, and both
of the voltages lag the branch currents by
another 90°. Thus the double sideband
voltages appearing across C, and Cy are
equal in magnitude, of the same polarity
with respect to ground, with the phase of
both voltages differing by 90 + 90 or 180°
with respect to the sideband voltage at
the balanced modulator output.

Since a 90° phase shift was introduced
in the excitation of the balanced modu-
lator which carried over into the modu-
lator output, the subsequent shift of 180
degrees leaves the double sideband volt-
ages appearing across C, and Cy in phase
quadrature with respect to the center
frequency voltage appearing across the
modulator input coil.

The center frequency voltage is applied
in diminished amplitude at points A1,
causing center frequency voltages to ap-
pear across C, and Cy in opposite polarity
with respect to ground. The double side-
band voltages across C, and Cpg are in the
same polarity with respect to ground. It
follows that the phase difference between
the carrier and double sideband voltages
across one condenser will be in the form
of a 90° lead at the same time as the phase
difference across the other condenser is
in the form of 90° lag.

This is illustrated by the small vector
diagrams in Fig. 45. The sideband voltages
Es\ and Eg,, created across condensers C,
and C,, are in phase and equal. The center
frequency voltages Ec; and Eca, across
the same condensers, are equal but of
oppuosite polarity, each differing in phase
from the sideband voltage hy 90°.
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The resultant frequency-modulated
voltage Eg, appearing across C, leads the
center frequency component Ec, at the
same time as the resultant voltage Eg;
across C, lags the carrier component
Ece. The resultants are therefore fre-
quency-modulated voltages that are alike
except for the fact that the frequency of
one voltage is increasing at the same time
as the frequency of the other voltage is
decreasing.

Readers unfamiliar with vector dia-
grams will understand the situation by
considering what would happen if the
center frequency component in Fig. 40
were reversed before being combined with
the double sideband. The summation
would give a frequency-modulated wave
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DOUBLE
SIDEBAND
GENERATOR

CARRIER VOLTAGE
FROM INPUT COIL L

FIG. 4T. OUTPUT OF BALANCED MODULATOR
REDRAWN FROM FIG. 45

having its maximmumn lag at the instant
when a maximum lead is shown in Fig. 40,
and its maximuin lead at the instant when
the maximum lag is shown.

Thus the frequency-modulated voltage
Eg) across C, is increasing in frequency
while the frequency-modulated voltage
ERr2 across C; is decreasing in frequency. If
the frequency deviation of the voltage is.
say, 9.65 cycles, then the frequency-modu-
lated voltage across C, can be described
as having the frequency 200 kc. + 9.65
cveles, while that across C; can be de-
scribed as 200 ke, F 9.65 cyeles.

Frequency Multiplication System x Each of these
two output voltages of the modulator,
Fig. 45, is passed through its own chain
of four triplers, giving a multiplication of
both the center frequency and the fre-
quency deviation by a factor of 34 or 81.

If the frequency at the input of tripler
chain No. 1 is 200 ke. £+ 9.65 cycles, then
the output of the chain will have a fre-
quency of 16,200 + 781 cycles. Because
of the opposite frequency deviation of its

formerly FM Rapio-ELEcTrRONICS

input, tripler chain No. 2 will deliver an
output of 16,200 ke. F 781 cycles.

The output of each tripler chain is ap-
plied to a mixer stage. Tripler chain No.
1 delivers a frequency of 16,200 + 781
cycles to mixer No. 1. This mixer also
receives a voltage from the crystal-con-
trolled control oscillator, which has a fre-
quency equal to the assigned carrier fre-
quency of the transmitter divided by the
overall frequency multiplication that fol-
lows the mixer stages. In the transmitter
shown in Fig. 45, four doublers and a
tripler follow the mixers, giving an overall
frequency multiplication of 2¢ X 3 or 48.
If the carrier frequency assigned to the
transmitter is, say, 42.3 mec., then the
frequency of the control oscillator is
42,300/48 or 881.3 kc.

With the control oscillator frequency of
881.3 ke. applied to mixer No. 1 together
with the ontput of tripler chain No. 1 at
16,200 ke. + 781 eycles, the difference fre-
quency appearing in the output of mixer
No. 1 is 15,318.7 ke. + 781 cycles. This
frequency is applied to mixer No. 2 along
with the output of the tripler chain No. 2
at 16,200 ke. F 781 cycles. The difference
of the center frequencies is 16,200 —15,-
318.7 or 881.3 kc. The difference of the
frequency deviations, which at any time
are of opposite sign, is twice the deviation
of each frequency, or 2 X 781 = 1,562
cycles.

The frequency at the output of mixer
No. 2 may therefore be described as 881.3
ke. F 1,562 cycles. After passing through
four doublers and a tripler, in which mul-
tiplication of 48 is obtained, the frequency
becomes 42.3 me. F 75 kc., which is suita-
ble for excitation of the power amplifier
of the FM broadcast transmitter.

Advantages of the Improved Modulator x The most
notable differences between the improved
modulator and the earlier types arise from
the use of two chains of triplers excited by
the voltages from the phase-shift modula-
tor.

When the outputs of the chains of
triplers are combined with the ontput of a
crystal-control oscillator in the two mixers,
as described above, the center frequency
of the output of mixer No. 2 is the same as
that of the control oscillator, 1egardless of
any small variations in the frequency of
the oscillator used to excite the modulator.

Suppose, for example, that the fre-
quency of the oscillator which excites the
modulator drifts from 200 to 201 ke., that
is, to a frequency 1 ke. too high. The cen-
ter frequencies of the voltages at the in-
puts of the tripler chains will also be 1 ke.
high, while at the output of the triplers,
the voltages will be 81 ke. high. The out-
put of mixer No. 1 will have a center
frequency that is 81 ke. high, but the fre-
quency at the output of mixer No. 2 will
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not contain the 81 ke. error, because it is
the difference between two frequencies,
each of which is 81 ke. high.

The frequency stability of the output
frequency of the transmitter is therefore
dependent on the stability of the control
oscillator alone, and is independent of the
first oscillator, used to excite the modula-
tor. It is not imperative that the first
oscillator be crystal controlled, although
a crystal is usually employed as a matter
of convenience, since it insures that the
tripler chains will not be detuned by a
large drift in the oscillator frequency.

Just as the effects of drift, or slow varia-
tion in the frequency of the oscillator used
to excite the modulator, is balanced out,
so also rapid variations are balanced out.
Thus the improved modulator tends to
overcome any slight noise or hum modula-
tion that oceurs in the first oscillator. Al-
though earlier types of Armstrong modu-
lators were remarkably free from hum
and noise as compared to other modula-
tors, the noise level in the new Armstrong
modulator is still lower, being in the order
of —70 db.

The incorporation of sufficient multipli-
cation to give frequency deviation equiva-
lent to full mnodulation, while requiring a
phase deviation of not more than 0.2

FCCDELAY THREATENS INDUSTRY

 (CONTINUED FROM PAGE 27)
transmission throughout the spectrum
involved. However, tests of this kind will
produce very valuable transmission infor-
mation and it is interesting to note that
the engineers of the FCC are inviting in-
dustry to participate in such tests, as co-
operation of this kind will certainly have
beneficial effects on the future of broad-
casting.

Delays now, however, in fixing the fre-
quencies to be assigned to FM and television
throw an unnecessary burden of design on
wndustry and cause great uncertainty in the
planning of broadcast operations. This may
result in large unemployment in both of
these industries and loss of markets for
radio and television equipment to other in-
dustries making civilian goods which will
compete in the immediate postwar period
Sor civilian dollars.

While it is true that most of the radio
manufacturers in this country are busy
with war work and that much of this work
will continue throughout the Japanese
phase of the war, there is no guarantee
that drastic changes in requirements may
not occur without any notice and thus re-
lieve radio manufacturers of a large por-
tion of their war load, which should be
taken up immediately by civilian pro-
duction.

In all my disdussions with people who
are interested seriously in FM and televi-
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radian at the output of the phase-shift
modulator at the lowest audio frequency,
obviates the possibility of distortion in
the modulator.

For a modulation index of 0.2, the dis-
tortion inherent in the modulator is about
1%. This distortion occurs only with full
modulation at the lowest audio frequency.
At higher audio frequencies, and/or with
less than full modulation, the modulation
index is less than 0.2 and the inherent
distortion disappears.

Pre-emphasis Network = It has been stated
that the frequency deviation of the modu-
lated wave should be proportional to the
amplitude of the modulating voltage but
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FIG. 48. NETWORK FOR INTRODUCING PRE-
EMPHASIS

sion operation, the FCC plan No. 1, which
allocates 50—68 me. for FM and channels
above 68 me. to television, is considered
the most logical and the one which seemns
to provide the best answers to all of the
problems involved. Thus, an early decision
on the part of FCC to make this low FM
allocation final would be a wonderful aid
to both the broadcasters and the manufac-
turers and I trust that the FCC will see
fit to make this allocation within the next
few weeks.

ANSLEY RADIO CORPORATION
ARTHUR C. ANSLEY, President

I was much disappointed in the decision,
of the FCC, on FM allocations. From a
manufacturing point of view it is essential
that the engineering of postwar radios
should be completed far in advance of
actual production. The uncertainty caused
by this decision will delay this work very
seriously and in case of a sudden release of
civilian production, I believe it would cause
widespread confusion and unemployment.
It is especially serious to those manufac-
turers who believe in the future of FM,
as we do, and who are counting on FM in
most or all of their postwar models.

GALVIN MFG. CORPORATION
PAUL V. GALVIN, President

I was disappointed that the FCC was
not able to make a decision. Presumably

independent of its frequency. This is the
basis upon which all FM transmitters are
originally designed and upon which they
are adjusted in service.

In the FM broadcast service, as ex-
plained in Chapter £, it is desirable in the
interest of noise reduction at the high
frequencies, to employ pre-emphasis net-
works so that the frequency deviation is
increased when the modulating frequency
is increased, assuming that receivers in-
corporate de-emphasis networks to bring
the high frequency components of the
detected signal back into proper ampli-
tude relation with respect to the low
frequency components.

Fig. 48 shows a circuit which will per-
mit the correct amount of pre-emphasis
to be introduced. .\ .001 mfd condenser in
parallel with a 100,000-ohm resistance is
inserted in series with the lead to the grid
of the audio amplifier tube, and a 2,000-
ohm resistor is connected between grid
and cathode. As the frequency is in-
creased, a larger current flows through the
condenser, producing a higher voltage
across the 2,000-ohm resistor, so that the
amplitude of the audio modulating voltage
at the transmitter is increased.

Chapter 6 will deal with FM receiver
circuit details.

the Commission themselves are also dis-
appointed in not being able to reach a
decision at this time. Nevertheless, I think
their action calling for a considered study
of one of three plans at this time is very
wise. I sincerely hope determinations will
be made in the very immediate future so as
to avoid inderference with the prospects
of FM sales.

THE HALLICRAFTERS CO.
W. J. HALLIGAN, President

The Commission’s delay in determining
the final position of FM will have no effect
on Hallicrafters plans as our line has in-
cluded an FM receiver covering all three
of the possible alternatives for the past

- five years.

However, we feel that manufacturers of
home radios may be hard pressed to com-
plete their designs if actual production
should start with only the 90-day notice
promised by the WPB, and we hope that
the FCC’s test will be completed as soon as
possible. The assignment of 13 channels
below 300 megacycles to television, and
the announced intention of giving FM an
18-megacycle band width and eventual
extension to 20 megacycles provides ample
room for these services to develop their
full usefulness to the public. The final
frequency allocations above 25 megacycles
will undoubtedly clear the way for many
new and valuable applications of the radio
art.

FM axo TeLEvisiON



CIRCULAR ANTENNAS FOR FM BROADCASTING

Relative Cost Data on Antennas and Towers for FM Stations — Calculated Contours
for Mountain-Top Antenna Installations — Part 2

Economic Choice of Antenna & Tower x In
Part 1, we presented curves indicating the
expected coverage for various sizes of
circular antennas for normal antenna
heights and for standard transmitter sizes.
In many cases, the prospective broad-
caster will require a supporting lattice
tower in order to elevate the antenna sys-
tem to an efficient height above the

BY M. W. SCHELDORF *

we had available the average overall price
of complete antenna systems. These prices
are plotted on Fig. 16.

In order to compare these prices in an
effective manner, six sets of curves were
next established, Figs. 17 to 22. On each
chart for a given transmitter power there
are two sets of curves, one for each of the
required contour values of 50 and 1,000

30 40 50 80

TOTAL PRICE IN THOUSAND DOLLARS

20

10

l

300
TOWER HEIGHT IN FEET

400 500

800 700 J

FI1G. 16. AVERAGE TOTAL PREWAR PRICE FOR VARIOUS TOWER HEIGHTS,
ERECTION, ASSEMBLY,

ING FOUNDATIONS,

ground. For this case, it is possible to
present the field intensity information in a
forn which will bring out the economics
of the entire antenna structure.
Quotations were received on seven tower
heights, from 100 ft. to 700 ft., and in five
combinations corresponding to the loads
presented by the five standard sizes of
antennas. To the average price of each of
these combinations, we added the price
of the associated anténna, its self-support-
ing mast, the transmission lines on the
tower, and the price of assembly, so that

INCLUD-
LIGHTS, AND TRANSMISSION LINES

microvolts-per-meter. Each curve (one
for each antenna size) shows the price of
that antenna system corresponding to the
distance to the desired contour. The tower
heights are marked on each curve by dif-
ferent symbols, in order that the appro-
priate reference is easily available. The
lower limit on a set of curves defines the
minimum price at which it is possible to
radiate the required fixed intensity at
varying distances from the transmitter.
The result is that for economic choices,
there are certain sizes of antennas and

June 1945 — formerly F.M Rapio-ELEcTRONICS

certain tower heights which must be asso-
ciated, i.e., a small number of bays with
the short towers and more bays in regular
order with taller towers.

In order to make available one graphical
picture of the whole situation, these limit-
ing minimum curves are plotted on a
single graph sheet, Fig. 22. In this illus-
tration we have been able to establish a
single set of definite combinations for all
the transmitter power values. Note that
the single-bay antenna is economical for
any tower height up to 116 ft., the two-
bay is economical for heights between 68
ft. and 144 ft., the four-bay between 75
ft. and 150 ft., the six-bay between 102
ft. and 216 ft., and the eight-bay for all
heights above 161 ft. These combinations
will serve to guide the prospective broad-
caster in arriving at an economic choice
quickly and accurately.

It should be pointed out that although
we have used a certain set of price values,
there can be a considerable variation in
the associated basic tower price without
disturbing the relationships, because the
tower prices predominate in all cases. That
is, the total price may vary considerably
for specific cases but the limiting values of
tower heights for the different antenna
sizes will vary only slightly. In this re-
spect, it should therefore be expected that
the price values shown cannot be used
except in a relative manner, in making a
choice of tower and antenna combination.

Any one can prepare for his own use
similar curves covering the distance ranges
in which he is interested, based on local
prices of the various items. This applies
also to any antenna structure for which
the necessary field intensity information
is available.

Calculated Field Intensity Contours at Extended
Heights » The curves in Part 1 indicate
the expected coverage for various sizes of
circular antennas for normal antenna
heights and for standard transmitter sizes.
In Figs. 17 to 22, this information was
collected in another form, together with
total antenna structure prices, to show an
economical choice of antenna proper and
tower height.

However, in many cases in mountainous

* Transmitter Division, Electronics Department,
General Electric Company, Schenectady, N. Y.
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regions, it is convenient to obtain effective
antenna heights well above the 800-ft.
limit shown on those curves. For the use
of prospective broadcasters who are lo-
cated in these regions, we have extended
the coverage curves to effective antenna
FIGS. 23 To 2I. heights of 10,000 ft. Most of this addi-

CALCULATED
PROPAGATION
FOR] CIRCULAR
ANTENNAS OF 1
TO 8 BAYS, AND
POWER GAIN FAC-
TORS OF .794 TO
7.08

tional information, Figs. 23 to 27, was
secured from the FCC reference,* and in
the manner desecribed in Part 1. In order
to extend the values to 10,000 feet, it was
necessary to establish an additional curve
on the FCC diagram. This was done,
based on the work of Norton.t Its de-
(CONCLUDED ON PAGE 83)

¢ “Standards of Good Engineering Practice Con-
cerning High Frequency Broadcast Stations,” avail-
able from the Federal Communications Commission,
Washington, D. C.

§ “ The Calculation of Ground-Wave Field Intensity
over a Finitely Conducting Spherical Earth,’”’ by
K. A. Norton. Proceedings of IRE, Vol. 29, page 623,
December, 1941.
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LENS SYSTEM FOR PROJECTION TELEVISION

Explaining the Optical Problems of Projection Television, and.me Lens System Employed by RCA
BY JOHN P. TAYLOR™

PREVIEW of postwar television is

afforded by the RCA projection-type
home television receiver. This receiver,
which has recently been demonstrated for
various groups in the industry, is a rela-
tively compact console model in which a
picture 16 inches x 2114 ins. in size is pro-
jected on a built-in, translucent screen.
Through the use of a new highly-efficient
optical system, a picture is produced which
has about the same brightness and con-
trast as that of pre-war, direct viewing
tubes — while the size is such as to over-
come the one important objection to pre-
war television receivers; namely, that
““the picture is too small.”

The projection set shown on these pages
is an experimental model, and obviously
has not been styled or otherwise dressed
up. However, the general arrangement of
the components in this set approximates
that which may be expected in post-war
production nodels and, therefore, will
serve as a satisfactory example of the prin-
ciples involved.

There are four features of this set which
represent outstanding engineering accom-
plishiments. These are:

1. A simple, but ingenious arrangement

* Engineering Products, RCA Victor Division, Cam-
den, N. J.

FIG. 2. NEW RCA OPTICAL SYSTEM PRODUCES IMAGE 16 BY 21 INS. FROM 5-IN. TUBE

which allows a projection system having
a ‘“throw” of nearly thrce feet to be
mounted, together with high voltage power
supply and other components, in a cabinet

FIG. 1. PREWAR RCA MODEL WITH 12-.IN. TUBE PRODUCED AN IMAGE 7 BY 10 INS.

June 1945 — formerly FM Raplo-ELECTRONICS

only a little larger than many pre-war con-
soles or phonograph combinations.

2. A new projection-type 5-in. kine-
scope in which a very bright image is pro-
duced by operating with 27,000 volts on
the anode and a high beam current.

3. A new type of highly efficient optical
system in which an aspherical correcting
lens is used in conjunction with a large
spherical mirror.

4. A method of manufacturing the
aspherical correcting lens at low cost by
molding it of clear thermoplastic material.

Arrangement of Projection System % The projec-
tion receiver is a self-contained unit com-
prising all elements of the system from
antenna lead-in to viewing screen. In this
respect it differs radically from most of the
proposed projection receivers in which the
picture is usually intended to be projected
onto a wall or screen some distance away.

The built-in system has many advan-
tages. It is a much less awkward addition
in the average living room; it is more con-
venient to use — doesn’t need to be set up
again each time the furniture is moved; it
can have a fixed focus, eliminating one
control and simplifying the optical system;
and, for viewing under semi-light condi-
tions, the translucent screen represents a
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One of the studios used interchange-
ably by FM station WBRL and
AM station W JBO. RCA-Type 44-
BX Microphones are used in this
studio, in the smaller announce-type
studio, and in the large, auditorium-
type studio.

-

The specially built RCA control console in the master
control room shared by W BRL and W JBO. Indi-
vidual panels control the output from three studios.
Network lines and remotes are controlled from a
Jourth panel. The push-button selector system in the
center panel allows any program to be fed 1o each
of the three output lines (one AM,one FM, one spare
or network).

The transmitter room shared by WBRL and
WJBO. The 1 KW' FM Transmiuer is the unit
Just left of center in this picture. At the far left
are racks containing the FM audio input and
monitoring units. At the right is the 5 KW' AM
transmitter. Not shown in this picture are the
AM audio and monitoring racks and AM phas-
ing units. All of the equipment in this picture
is of RCA manufacture.



Serition WEIRL uses RUA

ftom Mirgptone 7

WBRL, the FM station of the Baton Rouge
Advocate and State Times, uses RCA equip-
ment throughout. In the studios are RCA
44-BX Microphones; in the control room
is a special RCA-built master control con-
sole. At the transmitter building are an
RCA FM-1-A Transmitter and RCA fre-
quency and modulation monitors. The
antenna is an RCA-devcloped, six-hay,
square-loop antenna.

WBRL is a sister station of WJBO, the
AM station operated by the Baton Rouge
Advocate and State Times. It is interesting
to note that WJBO, like hundreds of
other AM stations, is also completely RCA

equipped. Operators of AM stations know
the meaning of “RCA all the way.” And
they know that in RCA FM equipment
they will find the same dependability and
the same advaneed design features that
they have come to expect in RCA AM
equipment.

Operators of both AM and FM stations —
and station applicants — can make reser-
vations right now for early delivery of
RCA postwar broadcast equipment. For
information on our Broadcast Equipment
Priority Plan, write to Broadcast Equip-
ment Section, Ranio CORPORATION OF
AMmERIcA, Camden, New Jersey.

29| RADIO CORPORATION OF AMERICA

Buy More War Bonds

RCA VICTOR DIVISION « CAMDEN, N. J.
In Conadae, RCA VICTOR COMPANY LIMITED, Montreol

The transmitter plaut of WBRI-W]BO. The AM antenna system consists of two
300-fi. and one 500-ft. (center) tower. The M antenna system is mounted at
the top of the latter 1t 15 fed by a concentric transmission line from the transmitter
building in the foreground. The entire layout was designed by W BRL and RC.A

engineers working together.

A close-up of the six-bay Fal
anlenna wounted o top of
the 500-ft. AM tower. This
antenna cousists of square
loops wounted  around 1k
tower. It wras specially
designed by RCA engineers
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more efficient use of the available image il-
lumination than would a reflective screen.
Getting all the components of this re-
ceiver into a single unit, without making
that unit unreasonably large, represents
more of an achievement than an outward
look at the cabinet would indicate. The
major problem, of course, was the optical
projection system proper. The magnifica-
tion which can be obtained with a given
lens arrangement depends, of course, on
the “throw”, i.e., distance from lens to
screen. For a picture of the size desired,
the required distance was about 415 ft.
Obviously, the cabinet couldn’t be that
deep. The answer was to mount the pro-
jection system vertically. To keep this
from making the receiver too high, it was
necessary to use a reflective system.

In addition to the optical systern, it was
also necessary to provide space for the
receiver chassis, the video deflection circuit
chassis, the audio chassis, the high voltage
power supply, and the loudspeaker. The
first three of these are simply modifica-
tions of the standard RCA chassis used in
the pre-war TRK-12 Receiver. The devel-
opment of a stabilized 27,000-volt power
supply, in itself something of an engineer-
ing achievement, that could be mounted
complete on a small chassis made it pos-
sible to group the four chassis around the
outside cabinet; thus leaving the center
free for the projection system. The loud-
speaker is mounted in the usual position
toward the base of the cabinet.

High-Yoltage Projection Kinescope  The earli-
est projection television systems consisted
of a standard direct-viewing kinescope
plus a lens suitable for projecting an en-
larged image on a screen some feet away.
The picture projected in this way had very
low iHumination. There were two reasons:
first, the optical systems suitable for use
with such a projection system had low
light-gathering power, and hence made
available only part of the light in the
original image. Second, the light thus
made available was spread over a much
wider area and the average illumination
was greatly reduced.

It will be apparent that a successful pro-
jection tube mmust have much higher il-
lumination than a direct-viewing picture
tube. For instance, the 16- by 2114-in,
picture on the new RCA recciver has an
overall area a little more than four times
that of the 7}4- by 10-in. picturc on a
standard 12-in. viewing tube. If the pro-
jection optical system were 100 percent
efficient, which, of course, it is not, the
total illumination required would be four
times as great. Moreover, since the pro-
jection tube should preferably be smaller
than direct viewing tubes, in order to use
small-size lenses, the average illumination
or brightness on its face must be even
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greater. For example, the 5-in. projection
tube, shown at Fig. 9, produces an image
about 8 by 4 ins. in size. Thus, in an area
approximately one-sixth that of the pic-
ture on the 12-in. viewing tube, there must
be produced a total illumination four
tilnes as great. This means an average
illumination, or brightness, some 24 tiines
that of the image on the direct-viewing
tube. When the loss in the optical system
is taken into consideration these ratios
must be even greater.

Increased brightness of the beam spot
in a kinescope, and hence of the average
illumination, can be obtained by increas-
ing the second anode voltage, thereby
causing the electrons in the beam totravel
faster, or by increasing the number of elec-
trons in the beam, i.e., the beam current.
Both entail difficultics. Increasing the
voltage requires greater spacing and better
insulation within the tube. Increasing the
current requires higler emission cathodes.

RCA engineers have been working on
this problem for more than ten years.
The new projection tube, now in use, is the
result of this long-extended research. This
tube operates satisfactorily with 27,000
volts on the anode, approximately four
times that of the standard 12-inch view-
ing tube. It produces an image having an
overall illumination about 12 times that of
12-in, pre-war, direct-viewing tubes. Used
with the improved optical system de-
scribed in the following pages, this tube is
capable of producing 16- by 2114-in. pic-
tures having an average illumination com-
parable to that of home movies.

How the Optical System Works * It would seem
on first thought that the projection of tele-
vision pictures could easily and satisfac-
torily be accomplished with a simple pro-
jection lens system such as that used in
motion picture projectors. The first pro-
jection receivers were, in fact, so con-
structed. However, commercially avail-
able lenses of the type required have rela-
tively low light-gathering power which
means, in effect, that they gather light in
from a relatively small angle. s a result,
when these lenses are used for television
projection, the overall efficiency of the
optical system is very poor. The reason for
this can best be understood by comparing
the arrangement used for television pro-
jection with that used in motion picture
work.

In a typical motion picture system,
Fig. 4, light from a lamp or arc is con-
verged by a condensing lens so that as it
strikes the film it consists of a bundle of
nearly parallel rays. Nearly all the light
which strikes the film passes through ex-
cept, of course, that part which is stopped
by the dark part of the film. Moreover, as
the light rays emerge from the far side of

(CONTINUED ON PAGE 53)
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SUN, EARTH, AND SHORT-WAVE PROPAGATION

Effects of the Solar System upon Long-Distance, Short-Wave Communications

HORT wave communications circuits

girdle the earth. They are practical
symbols of the effectiveness of skywave
transmission. The signals which they radi-
ate bounce between the radio ceiling and
the earth, or sea, carrying an ever increas-
ing portion of the world’s interchange of
intelligence. Their stage is broadly the
solar system. Concurrently, they react to
changing conditions on the solar surface,
and to the relative positions of neighbor-
ing planets. We must not overlook the
major astronomical and geophysical as-
pects of the sun and the earth, if we would
better understand short wave propaga-
tion.

Elementary astronomy shows us four
cardinal positionsof theearth, namely, win-
ter, spring. sutnmer and fall, in the earth’s
annual 600-million-mile journey around
the sun. These cardinal positions are re-
produced in Fig. 1. The earth’s orbit is
slightly elliptical, having a mean radius of
93 million miles. About January 1st, peri-
helion, we are 3 million miles closer to the
sun than at aphelion, about July Ist. The
radio ceiling is therefore most highly
ionized in January. This is verified by
brief use of abnormally high frequencies

* Radio Corporation of Ameriea, Camden, N. J.

A paper delivered before the Radio Club of America,
Columbia University.

THE SOLAR SYSTEWM

RELATIVE DISTANCES OF PLANETS FROM THE
SUN AND ORBITAL PERIODS OF ROTATION IN
REFERENCE TO THE EARTH

PLANET  SOLAR DISTANCE PERIOD-YRS,
MERCURY 4 25
VENUS 7 58
EARTH 1 1.

MARS 1.5 1,94
ASTEROIDS 2704 5.2 MEAN
JUPITER 5.2 "
SATURN 9.5 20.2
URANUS 192 83
NEPTUNE 301 184
PLUTO 396 250

D

FIG. 1. THE EARTH'S ORBIT AND THE FOR-
MATION OF THE SEASONS

48

BY HENRY E. HALLBORG*

over long distances during this month,
although the tilt of the earth’s axis away
from the sun causes shorter and colder
days in the northern hemisphere.

Fig. 1 also contains a tabulation of the
distances, and rotational periods, of the
principal membersof our solar system. The
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FI1G. 2. THE SOLAR ROTATION CYCLE

rotational period of Jupiter, our largest
planet, is of particular interest in connec-
tion with the sun spot cycle, which so infi-
mately affects short wave propagation.
Jupiter makes the journey around the sun
in 11.8 years. The average length of a sun
spot cycle is 11.1 years.

In an electronic sense the sun is the fila-
ment, and the earth the plate, of a vast
electronic tube of which the vacuum is
supplied by outer space. The sun provides
the radiations which energize and sustain
our radio roof. The sun is an incandescent
gaseous body whose rotational period va-
ries with solar latitude. It completes one
rotation in 24.6 days at the equator, and in
85.6 days at solar latitude 80°. New solar
surfaces of varying radiative properties
are continuously being presented to the
earth. The particular solar area that causes
the most prolonged variations of the radio
roof is the sun spot belt. This is located
on the sun, north and south of the solar
equator, between latitudes 5° and 40°
Spots on the sun first appear at the higher
latitude, and, during the course of the 11-
vear cycle, work downward toward lati-
tude 5°. The new cycle starts with a rather
abrupt recurrence of spots at the higher
latitudes. The actual numbers of spots
observed are at a maximum around solar
latitude 16°. Spots provide a convenient
means for measuring the rotational period

of the sun. The solar period in terms of
measurable effects on terrestrial magnet-
ism is 27 days, which is the accepted solar
rotational cyele. Fig. 2 contains a graphi-
cal summary of the above mentioned solar
data interpolated from Doctor C. G. Ab-
bot’s most interesting book **The Sun.”

Sun spot areas are the seats of sustained
radio roof disturbances which not infre-
quently last from 3 to 5 days. These dis-
turbed periods are known to radio nen as
magnetic blankets. A more sudden and an-
noying type of disturbance is the drop-out.
This may be as completely effective as the
opening of a switch, for periods of from
2 to 20 minutes. Drop-outs are caused by
sporadic solar eruptions of hydrogen, and
the lighter solar gases. Eruptions often
precede the formation of a sun spot group.
Viewed from the edge of the solar disc
both sun spot and flare types of solar ac-
tivity would appear as prominences. The
quiescent, or stable type, may accompany
a sun spot area, whereas the eruptive or
flare type may occur anywhere on the solar
disc. The effect of a flare on the earth,
however, is at a maximum when it occurs
near the center of the solar disc. Typical
solar prominences are shown in Fig. 3.
The quiescent type may recur after a 27-
day rotational cycle. The flare type has no
recurrence cycle.

We now return to earth for our short
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wave propagation study. Our atmosphere
is normally thought of as the air we
breathe, having maximum density at the
earth’s surface. The density drops to the
vanishing point at the radio roof, several
hundred miles above us. If we could be
physically transported upward toward the
radio roof a number of unique encircling
layers would be encountered. The designa-
tions and distinguishing characteristics
of these layers are illustrated in Fig. 4.

The first, and lowest, layer to be crossed
is the Troposphere. It extends upward to a
height of about 10 miles. It is the layer of
earth-bound weather and human habita-
tion. Within it, winds, clouds and thun.
derstorms exist, continuously generating,
in some part of the globe, radio static.
For each mile of our ascent the tempera-
ture would he observed to drop 17° F.
The barometer at 3 miles altitude would
read only one-half that at the earth’s
surface.

We would then enter a second layer, the
Stratos phere, extending upward to a height
of about 22 miles. The barometer here
would read less than 1/10th that at the
carth’s surface. The thermometer would
register — 67° F. This temperature would
be found quite constant day and night, for
which reason this envelope has also been
called, the “isothermal layer.”

Above the stratosphere, and extending
upward to a height of about 40 miles,
we would come upon the Ozonosphere.
This layer contains free oxygen. It has the
life preserving property of absorbing the
deadly actinic rays of the sun. In the proc-
ess of absorption its daytime temperature
rises to about 200° F. At night, in the

IONOSPHERE
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absence of actinic rays, its temperature
drops to that of the stratosphere, about
— 67°F.

A fourth layer, the Alto-Troposphere
would be encountered extending above the
ozonosphere to a height of about 60 miles.
This is a quasi-vacuous region of sporadic
radio reflections and absorptions. It may
be opportune here to observe that absorp-
tion not only involves temperature rise,
but also expansions of free gases. Radio
absorption screens and blankets are
formed by solar radiations which pene-
trate to the Alto-Troposphere. Sunlight
also suffers absorption in this layer. The
region consequently undergoes wide tem-
perature and volume changes between
day and night. Air density here has
dropped to such low values that break-
down of residual gases may be likened to
the blue glow in a leaky radio tube. The
layer is a dividing zone for sky wave
transmission. Long waves are reflected
by it. Short waves suffer varying degrees
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of absorption and penetration depending
upon their relative frequencies.

The fifth and last layer to be entered,
the Ionosphere, extends upward from 60
miles to an indefinite upper height. Here
are found free ions, practically a perfect
vacuum, and two major stratifications of
free ions. The lower stratification, at a
mean height of about 75 miles, is the well
known Kennelly-Heaviside layer, or E

formerly FM Raplo-ELecrroNics

layer. The upper stratification, or F layer,
has a mean height of about 200 miles.
By virtue of absorption and expansion it
separates into two layers, F, and F., in the
daytime. These layers are well known to
the radio profession. Daily, seasonal and
secular variations of the ionosphere are
the subject of periodical publications,
notably by the National Bureau of Stand-
ards, and the Carnegie Institution.
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Dr. J. Bartels of the Carnegie Institu-
tion has provided a most interesting cen-
tury-long correlation between magnetic
and solar activity. This covers the period
from 1835 to 1930. It is reproduced in
Fig. 5 from data originally published in
the March, 1932, Journal of Terrestrial
"Magnetism and Atmospheric Electricity.
The long period interrelationship between
magnetic activity, and relative sun spot

NEWD

ZEALAND

north pole. At the time these data were
plotted the published location was 71° N.
The method of applying the radio-mag-
netic relationship remains valid, however,
whatever the actual location of the mag-
netic pole. An application of the data of
Fig. 6 to radio circuits working to and
from New York City can be made to Fig.
7, an azimuthal map of the world with
New York City as its center. Based upon

FIG, 7. AZIMUTHAL MAP OF THE WORLD, WITH NEW YORK AS THE CENTER

numbers is convineingly indicated by these
data.

Terrestrial magnetic range is normally
measured as a difference between maxi-
mum and minimum deflections in a unit
of time. Terrestrial magnetic range in-
creases sharply with proximity to the
carth’s magnetic poles. Disturbance on
short wave circuits likewise has long been
known to increase with proximity to the
earth’s magnetic poles. .\ study of this
effect was made by the anthor from ter-
restrial magnetic data of North Ameri-
can magnetic observatories supplied for
the year 1931 by the U. S. Coast and Geo-
detic Survey. The recorded range values
were evaluated to correspond to observed
moderate and severe. radio circuit dis-
turbances. The results are plotted in Fig.
6. Some uncertainty has always existed
as to the exact bearing of the magnetic

the curve marked “average” of Fig. (

“dead” and “disturbed” zones can be
laid out on the map. They would picture
mean magnetic conditions for the year
1931. The DEap ZoNE would be deline-
ated on Fig. 7 by a radius equal in length
to the intersection in Fig. 6 of the severe
storm level with the magnetic pole, and
with the curve marked AvEraGE. This
radius measures about 13° of latitude.
Similarly, the DiIsSTURBED ZoNE would be
defined by the intersection of the moder-
ate storm level with the AVERAGE curve of
Fig. 6. If the radius of Fig. 6 had been
taken to intersect with the curve marked
Maxivoym instead of to the AVERAGE
curve the dead zone would then overlap
the disturbed zone on Fig. 7 and the
storm period disturbed zone would ap-
proach the equator. On the other hand,
during quiet conditions, application of the
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curve marked Mixtvun of Fig. 6 would
produce no intersection with either the
moderate or severe storm level, hence no
dead zone would exist on quiet days.

A recording made at the Bureau of
Standards, Washington, D. C., on April
8, 1936, and submitted for reproduction
provides a graphic illustration of the ef-
fects of a flare type of disturbance in
producing sudden drop-outs. The record-
ing is reproduced in Fig. 8. Circuits having
frequencies of 6.06 mec., 9.57 mec. and
13.525 me. are seen to cut off promptly
at 1640 GMT, and to stage varying de-
grees of recovery. A broddcast circuit,
WLW, of .7 me. is not affected by the
flare, but records QRM during the drop-
out interval. At the lower right a recording
of the horizontal magnetic intensity trace
at Cheltenham shows a steep dip, and
gradual recovery, during the drop-out.
Reflections by vertical incidence from the
ionosphere are seen to cut off at the same
instant, namely 1640 GMT, but the higher
frequencies are the first to return. This
characteristic is also the normal observa-
tion over point-to-point circuits. Penetrat-
ing radiations from the flare reach the
alto-troposphere where they cause ioniza-
tions that set up temporary absorption
screens in the normal path of the radio
wave. The absorbing screen dissipates
when the flare subsides, whereupon nor-
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mal conditions return, since the normal
reflecting layers remain unaffected.

A continuous record of short wave cir-
cuit disturbances is maintained on the
world wide traffic channels of R.C.A.
Communications, Inc. A disturbance rat-
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ing scale of 0 to 5

is applied to each 8 hour

watch. The scale numbers are defined,
and evaluated in accordance with the fol-

lowing table:
NuMBER DisTURBANCE

Unusually Quiet
Normal Conditions
Slightly Disturbed
Moderately Disturbed

SieNAL
Unusual Strength
Strength Normal
Slightly Below Normal
Considerably Below Nor-

- Wi~

mal
Nearly Out; But Still

Audible
Inaudible

The circuit disturbance ratings provide
a coutinuous source of radio conditions
reference. Plotted in sequences of solar
rotations they indirectly chart the ranges
of sokar activity. They provide means for
the prediction of probable propagation
conditions during each new solar rotation.
An additional source of ionosphere moni-
toring is maintained by R.C.A. Communi-
cations, Inc., in the form of an earth-
current recorder at its Receiving Terminal,
Riverhead, L. 1., N. Y. This consists of a
ground loop, 6 miles long, formed by utili-
zation of an abandoned South American
long wave antenna in which has been in-
serted a series resistor, through which in-
duced earth-currents circulate. The volt-
age drop in this resistor is continuously
recorded. The rate of change of earth-cur-
rent is measured in terms of a variability
unit, which expresses rate of change per
hour as a percentage of increase of trace
length. Typical earth-current traces are
reproduced in Fig. 9. They are taken to
correspond to mean values of circuit dis-

Severely Disturbed

Complete Drop-out

3
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turbance ratings from the 0 to 5 scale cir-
cuit records. Signal strength variation is
found to follow quite closely an inverse
variability law, which means that dou-
bling of the variability should halve the
signal.

The inverse variability law was applied
to London Signal “GLH,” 13,525 kec.,
during the disturbed month of April 1936.
Mean daily signal strengths from signal
recordings were compared to mean daily
Riverhead earth-current variabilities dur-
ing the working hours of the signal. The
results are plotted in Fig. 10. Three types
of days must be recognized for the proper
analysis of the results, namely quiet
days, storm days and post storm days.
Post storm days are governed by residual
ionization and absorption, consequently
may be excepted in laying out the variabil-
ity plot. The solid curve of Fig. 10 is ob-
tained by applying the inverse variability
law. The agreement is seen to be close
enough to indicate that subnormal signals
and earth-current variability are both
proportional effects caused by terrestrial
magnetic activity.

The amount of radio station power re-
quired to combat magnetic conditions has
been a matter of speculation. The observed
inverse relationship between signal and
earth-current variability has provided the
meauns for computmg required antenna in-
puts over a given circuit corresponding to
circuit ratings 0 to 5. .\ plot of computed
antenna inputs in kilowatts needed to pro-
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vide a commercial signal over the North
Atlantic on a circuit having a mid point
at 60° north geomagnetic latitude is shown
in Fig. 11. The kilowatt antenna input
required is seen to vary, in round num-
bers, from 13 kw. for circuit rating 0 to
4000 kw. for circuit rating 5. The 4000-
kw. figure means that it is impractical to
utilize a high latitude short wave circuit
during conditions corresponding to rating
5. The ratio of power required for circuit
rating 5 compared to circuit rating 0 is
8000 to 1.

The wide range of power required.to
produce a commercial signal over a circuit
whose mid point geomagnetic latitude is
60° N logically leads to the question,
what power ranges will be required over
circuits whose mid points are nearer the
equator? An answer to this question was
obtained by deriving a relationship be-
tween earth-current variability and hori-
zontal magnetic intensity ranges at equal
latitudes. The derived relationship was
then applied to horizontal intensity re-
cordings from all the North American
Magnetic Observatories. The results for
the year 1939 are shown in Fig. 12.
These data provide a direct comparison of
power requirements for a circuit whose
mid point latitude is 60° N geomagnetic,
as compared to a circuit at 30° N geomag-
netic. The comparison shows that under
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are correspondingly 26 to 1, and 2.7 to
1 respectively.
Prevailing circuit conditions 6 days be-

and Cheltenham horizontal magnetic in-
tensity ranges are shown in Fig. 13. The
improved operation of low latitude sta-
tions is quite evident. Riverhead earth-
current variability is lowest two days be-
fore the storm day. North Atlantic circuits
correspondingly show the lowest disturb-
ance. Nature thus provides a practical
warning of the storm to follow, a fact
which has not been overlooked by the
Operating Staff.

The persistence of residual ionization
and absorption on high latitude sky wave
circuits has previously been mentioned.
This circuit characteristic was studied
during the 16 major sun spot passages
mentioned in the preceding paragraph.
The results for circuits whose mid points
have various geomagnetic latitudes are
shown in Fig. 14. This figure plots relative
lengths of circuit interruptions against the
geomagnetic mid point latitudes of the
circuits. Circuit interruptions are seen to
increase sharply at about 55° N geomag-
netic latitude. The New York-London
circuit is more disturbed on the 8rd day
following a storm, than is the lower lati-
tude New York-San Francisco circuit
during the height of the storm. The low
latitude New York-Buenos Aires circuit
is relatively unaffected.

An example of a most spectacular solar
rotation is shown in Fig. 15. It covers the

©
o § <
=1+ ——— EeEE——F—FFVFF77:
S e SITHA .MAX. MEAN MiN @
E——1—1—e | POWER RATIO 5ANJUAN es6 187 28 |1 P
w = RATIOSAN JUAN . MAX. MEAN MIN.
° F- SIGNAL RATIO=5TRA + 26 13 22
§._H = ::0‘3.':*7_ ——= = =
=== —— 1 t= E=== ===
b JO = p—
z e 3
o - ¥ = ]
x ‘o N — + - —_—t3
o =3 = e | | w
—__1 __Ww__| IS -4 4 - 4 ) - o 4 .
R =3 —= 5:?7* ] = = — ==
3 3 —> ——wl<H—] ¥ —— 1 —=t =
= = —3— ""—"*‘Il x — 2= 1 Of
e —x % ) 13 z z y
s | 5 o T -
%] > - <
- : I 2
i 3 2 o el : | 2 ik
z — Pl — e — e =
&%l B AT 2" e =y /]
- Z = W T MEAN OF MONTHLY HIGHS ? e —
< |9 b s ——
Y L / < ==
5 s J .4
2|z Oy = e = : s e S
=3 m— e— — —— = i m—— ——34—
5 s —— - ',
¥ —
(= St = == i
3 - ] 1 ] isa |
S S —1= MEAN OF ALL OBSERVATIONS
a COMPUTED FROM EARTH-
< |2 =327 CURRENT VARIABILITY SQUARED — el S SN U —
A ——1—— RELATION, AND A COMMERCIAL —] = = = —— —
2 e — ) — —
71— SIGNAL POWER BASE OF 40 KW, — —— A
——{——1—— AT DISTURBANCE RATING 3 — L —
1 JAN.1,1930 TO JULY 11940  — Ty OF_MONTHLY LOWS. ——
O o | 1 INC]
-, 1 b=
‘o 3 s s 2 10° 20° 30° 40° s0° o0
RCAC CIRCUIT RATING NUMBER GEOMAGNETIC NORTH LATITUDE

FIG. 11, LEFT. KW. ANTENNA INPUT FOR COMMERCIAL SIGNAL AT VARIOUS RCAC DISTURBANCE RATINGS ON NORTH ATLANTIC,
MEAN GEOMAGNETIC LAT. 60° N. FIG. 12, RIGHT. COMPUTED RELATIONSHIP BETWEEN COMMERCIAL SIGNAL, ANTENNA POWER,
AND MIDCIRCUIT GEOMAGNETIC LATITUDE. H RANGE DATA FOR THE YEAR 1939

storin conditions 688 times as much power
will be required for the high latitude sta-
tion, and 7.5 times as much under quiet
conditions. The signal improvements in
field intensity for the low latitudestation
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fore, during, and 6 days after 16 major
sun spot passages of 1939 and 1940 have
been studied. A summary of the mean
circuit ratings, and the corresponding
Riverhead earth-current variability ranges,

period from March 17 to April 12, 1940.
This period was outstanding in that it
produced two major sun spot barrages,
with associated aurora, and cable and
radio interruptions for several days, in the
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form of independent storms within 5 days
of each other. The measured earth-current
variabilities from recordings at Riverhead
are plotted in comparison with the re-
ported disturbance ratings on world wide
circuits of R.C.A. Communications, Inc.,
for cach day of the solar sequence. The
following interesting facts may be ob-
served from a study of the figure. A flare
type of disturbance strong on all circuits
occurred on March 19th, 5 days before
the first major disturbance on March 24th,
and a second on March 23rd, one day be-

fore. A third flare on March 27th pre-
ceded by 2 days the second major dis-
turbance of Mareh 29th. Earth-current
variabilities of over 40009, were recorded
at Riverhead. High frequency outages of
several days duration oceurred on North
Atlantic cireuits. South American cireuits.
on the other hand, showed only inoderate
disturbances. except for the short period
flare type of drop-outs which are normally
more intense; but fortunately brief on the
equatorial circuits. A period of absolute
calm on April 9th and 10th completes the

gamut of a most unusual solar rotation.
It is concluded from the evidence herein
presented that the sun. the earth and the
sky are truly co-actors on the stage of
short wave propagation. The moods of the
actors on the stage are fortunately calm
and serene most of the time. The percent-
age of disturbances such as above de-
scribed is well under one per cent per an-
num. In all fields of endeavor, perfection is
quite remote. The remaining one percent
may perhaps still be achieved in better
understanding of wave propagation.

PROJECTION TELEVISION

(CONTINVED FROM PAGE 47)

the film, they diverge only slightly. Thus,
all the light originally falling on the film
eventually reaches the screen, except that
part stopped by the picture on the film,
For comparative purposes, and disregard-
ing losses, such an optical system can be
said to have a very high efficiency. This
fact, together with the relatively intense
illumination, makes for a very satisfactory
projection system.

Now, what happens when the same
optical system is used to project a tele-
vision picture is shown by Fig. 5. The only
source of light in this case is that in the

picture itself. Moreover, this light does not
emerge from the fluorescent screen in
parallel, or even nearly parallel rays.
Rather, sinee the screen is a perfect dif-
fusing surface, these rays emerge in all
directions and only a small part are gath-
cred in and brought to a focus by the lens
system. Thus, the overall efficiency of the
optical system is very low. Maloff and
Epstein have calculated that good, com-
mercially available (f/2) lenses, when used
at the magnification typical of home tele-
vision receivers, will collect and deliver to
the screen less than 5% of the light
generated.

From the foregoing, it would seem that
the obvious answer would be to increase

June 1945 — formerly F M Rapio-ELECTRONICS

the size of the lens and thereby increase
the amount of light it will collect, as in
Fig. 6. This, however. brings up another
problem: when the rays from a single point
souree are refracted on different parts of a
large spherical lens, they do not all meet
accurately at a single focus. Instead, the
rays refracted by the outer portions of the
lens come to focus nearer to the lens than
those that pass through the central por-
tion. This dissimilarity of focus, known
technically as “ spherical aberration,” can
be avoided by masking all but the central
part of the lens, or ""stopping it down,”
as the photographers say. Doing this,
however, cuts down the light-gathering
(CONTINUED ON PAGE 77)
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RADIO DESIGNER'S ITEMS

Notes on Methods and Products of Importance to Design Engineers

Amplifier Transformers: A new group of input
transformers, known as the 400 series,
has been announced by The Langevin
Company, Inc., 37 W. 65th Street, New
York 23. They are contained in gray
enamcled cases 114 ins. in diameter by
214 ins. high, and equipped with 10-in.
Suprenant color-coded leads. Type 401-A
is an input transformer operating from
30/250/600 ohms primary to 30,000 ohms
secondary, center-tapped. Type 400-C
i1s a bridging input transformer with a
nominal impedance of 600/15,000 ohms
to 60,000 ohms secondary. With proper
input cireuits, the input impedance range
is 0/25,000 ohms. Type 402-A is an input
transformer of 30/120 ohms primary to
50,000 ohms secondary. Input imped-
ance range is 0/250 ohms. All types have
a maximum operating level of +10
YU at .001 milliwatt reference level.

Microphones: Instead of a general catalog
for 1945, Universal Microphone Com-
pany, Inglewood, Calif., will publish
bulletins for distribution to the trade and
to jobbers. Two new bulletins, showing 19
different microphones, are now ready.

Milliohmmeter: A 6-scale millichmmeter,
model 673-F, has been added to the line of
resistance meters produced by Shalleross
Manufacturing Co., Collingdale, Pa. This
instrument has a linear scale calibrated
for 0-0.5, 1, 5, 10, 50, and 100 ohms, full
scale. Separate connections for current
and potential are used to minimize the
effects of lead and contact resistance
when measuring low values. The case
carries a single No. 6 dry cell.

Sintered Alnico Magnets: A 20-page brochure
on sintered Alnico magnets has been is-
sued by General Electric Company, Sche-
nectady, N. Y. Much valuable data is pre-
sented on the manufacturing methods, dies,
and tolerances attainable, and on magnetic
and mechanical properties of sintered
magnets. In addition, there are dimen-
sioned drawings of 76 stock magnet shapes.

Tropicalization: Very interesting data on
waxes for the tropicalization of radio and
electrical equipment is presented in a
pamphlet from Zophar Mills, Inc., 120
26th Street, Brooklyn 32, N. Y. Particular
consideration is given to the matter of
health hazards resulting from handling
waxes containing Pentachlorphenol. Re-
ports of tests made on rabbits showed
that such waxes are not likely to give any
direct irritative effect when handled by
human beings.
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Sealed Transformers: A new series of hermeti-
cally sealed output transformers is now
available from The Acme Electric &
Manufacturing Company, Cuba, N. Y.
Cases of aluminum, with Pyrex glass ter-
minals and Kovar electrodes are designed
to withstand the standard 5-cycle emer-
sion test.

Frequency-Compensated Instruments; Ammeters,
voltmeters, and wattmeters of the moving
vane and dynamometer types which main-
tain their accuracy on frequencies from
25 to 3,000 cycles have been developed
by Weston Electrical Instrument Com-
pany, Newark 5, N. J. They are available
in both portable and switchboard types.

Lighthouse Tubes: The first technical data
on lighthouse tubes 2C40, 2C43, and
GL-559 has been published in a pam-
phlet from General Electric Company,
Schenectady, N. Y. Circuits and per-
formance data, however, are still withheld
for military reasons.

FM Tuning: Engineers are greatly relieved
over the decision of the FCC to reduce the
FM broadcast band to a width of 20 mc.,
instead of the 30-me. band first proposed,
as this brings the tuning ratio down to a
point where it can be covered without a
2-range band switch, and its attendant
complications. Moreover, if Alternative
No. 1 is finally selected, the reservation of
48 to 50 me. for facsimile will make this
part of the band available temporarily for
present FM stations during the period of
postwar transition, since prewar sets can
cover those channels.

Now, at least, it will be possible to work
out the mechanical design of dials and
tuning controls for new sets, even though
actual calibration must await the FCC’s
final decision.

VT Frequency Meter: Something new in fre-
quency meters has been developed by
J-B-T Instruments, Inec., Chapel Street,
New Haven 8, Conn. This instrument
combines the standard vibrating-read
meter with a multivibrator circuit which
divides the incoming frequency by 2, 3,
4, 6, or 9. Thus it is possible to measure
frequencies in the 400, 800, 1200, 2400,
and 3600-cycle ranges with an accuracy
of .25% or better, independent of fre-
quency.

The accuracy is permanent, requiring
no subsequent standardization. No pro-
tection is required against the accidental
application of higher frequencies. Tubes
used are two 6N7 multivibrators, a 6N7

input tube, 6J5 buffer, 6V6 amplifier,
and a 6XJ rectifier.

Duplexed Sound & Facsimile: It appears that
the first widespread use of facsimile will
be in the police services, for it meets
an important, unfilled need in recording
messages and the transmission of finger-
prints and photographs. Discussing the

.use of facsimile by police services, Licut.

Basil Cutting of the New Hampshire
State Police explained that fingerprint
and photographic records are kept at the
capital city of each state, and that the
distribution of such records to municipal
police is not practical by mail. Even when
specific requests are received from munici-
pal police for fingerprints or photos, much
valuable time is lost by transmission
through the mails. Thus the use of fac-
simile will make possible a new degree of
codperation between the state and munici-
pal police.

This introduces a new problem in com-
munications equipment design. The vol-
ume of police traffic is too great to hold up
speech transmission while the facsimile
apparatus is in use. Therefore, separate
transmitters and receivers will be required
unless a satisfactory method is developed
for duplexing these services.

Opinions of the practicability of duplex
operation are not in agreement, but the
fact is that no one appears to have under-
taken the task of perfecting such a system
for either police or FM broadcasting. Still,
the need for it exists, and it will tap a
tremendous market whenever the appa-
ratus is available. In addition, it seems
probable that the railroads will be equally
interested in duplexed sound and facsimile
for confirming verbal orders.

Slide Rule: Because the use of standard
slide rules by their engineers called for
so frequent reference to mathematical
tables, the Standard Transformer Cor-
poration developed a slide rule of its own
design which incorporates the 8 tables
most commonly used in radio and elec-
trical calculations. Now, this Multi-Slide
Rule is being distributed through Stancor
jobbers at a price of $1.00, including the
carrying case. Orders should not be sent
to the Standard Transformer Corporation.

Crystal Mounting: A new low-frequency
quartz crystal unit developed by Bliley
Electric Company, Erie, Pa., employs a
resonant pin assemnbly to maintain the
frequency within narrower limits than has
been possible in the past. For frequencies
of 70 ke. to 400 ke., the crystal is held
between steel pins which are mechanically
resonant to the crystal frequency or to a
sub-multiple. Thus the damping effect
of the mounting upon the crystal is made
negligible.
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A pair of Eimac 1000-T’s give 3 KW
output io this Link-built FM trans-
mitter for the emergency services.

Here’s a 500 watt supersonic test
generator for operation at 1 to 300
ke which uses Eimac 152-T tubes.

o
5
‘. oo < 3
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ER 500 watt AM police trans-

“ CY mitter for 30-40 Mc opera-
¢ MERGE CWDABLE | EEELE
P

in the final.

The transmitters shown on this page
were developed and built for the emergency services — police, fire and
transportation — by Link Radio Corporation of New York City. Recog-
nition such as that enjoyed by the Link organization in this field is built
upon sound engineering and the right choice of cquipment components.
That Eimac tubes occupy the important sockets in these vital transmit-
ters is fitting acknowledgement of their inherently superior perform-
ance capabilities. That Fred M. Link specifies Eimac tubes is confirma-
tion of the fact that Eimac tubes are first choice of leading electronic
engineers throughout the world.

FOLLOW THE LEADERS TC

Get your copy of Electrouic Telesis
oo the sixty-four page booklet which
gives the fundamentals of electron-
ics. This little bookl Z -
ves. This little booklet will help lec-  giyg; mecytLOUGH, INC., 1033 San Mateo Ave., San Brune, Calll.
tronic engineers exprlain the subject

10 laymen. I1's yours for the asking Plants located at: San Bruno, Califernia and Salt Lake City,Utch
... n0 cost or obligation. Arailable Export Ageants: Frozor & Honsen

in English and Spanish languages. 301 Cloy Street, Son Francisco 11, Colifornio, U.S. A.




DIRECTORY OF RAILWAY SIGNAL ENGINEERS

Officials in Charge of Communications & Signal Systems on Roads in U,

U. S. RAILROADS

— A —
ABERDEEN & ROCK FISH Aberdeen

47 Miles, 5 Stea:

J A Bryant Genenl 8u peﬂm.endent

ABILENE & BOUTHERN See T & P

AHNAPEE & WESTERN SeeGB & W

AKRON & BARBERTON BELT Bar-
(e

23 Miles, 6 8
C M Potter Superintendent
AKRON CANTON & YOUNGSTOWN
12 E Exch Akron 8

ange Ohlo
171 Mlles, 23 Steam, 1 Diesel
GA msklns Eng Mum of Way

J V Preto Sig fore:
ALA(I;AMA & VICKSBURG See Iltnots

‘entral
ALABAMA CENTRAL Jasper Ala
10 Mllw 1 Steam
C A Lee’

]Jerl ntenden
ALABAMA GREAT SOUTHERN See
Southern RR
ALABAMA TENNESSEE & NORTH-
ERN York Ala
220 Miles, 11 8team, 2Gns-l-‘lec. 2 Diesel
G C Nichols General Man:
ALAMEDA BELT LINE Allmadl Callt
20 Miles, 3 Oﬂ Diesel-Elec
L L D avis nundent
ALASKA R R nchorage Alaska
513 M!Iu 31 Steam
w Kinsell Supt Motlve Power &
ALBA‘?\IVP& NORTHERN Albany Ga
36 M Steam
J Hw act General Manager
WINSLOW & WESTERN
Oaklnnd City Ind
2 5 Steam

8.
H Nichol General Superintendent
ALIQUIPPA & SOUTHERN Aliquippa

44 Mllm 25 Steam

I’

W C Van Blarcos ntenden

ALLEGHENY & ﬁ()UT SIDE So foth
St & Muriel Plnsburgh Pa

5 Miles, 3

G A Diets Genenl Supeﬂntendent
ALTON P R Bloomington

959 Milles, 160 Steam, 11 Dlesel

HC Sunxuon Supt Slg & Tele

C Kles 88t Supt Sig

ampson Gen Sl

ALT{)Nm&MSOUTHER Box 270 E St

9‘& Mlles, 1

wiJ Nuebllnz Chle( anneer
Geo H Dauer gg’ln upervlsor

MADOR CEN
AMADOR CENTRA L Mmell Calit
12 ‘Vlllu. 3 OII
HwW neral Manag

Loomis er
ANGTFLINA & NECHES RIVER Keltys
31 Miles, 2
E L Kurth General Mmaxer
ANN ARHOR R R Decatur
294 Miles, 31 Steam, esd-Elec
R J Bellsmnh I\?u t ot Tele

APACHE R R Nary Aria
72 Miles, 2 Ol
W R Filelds Master Mechanle
APALACHICOLA NORTHERN Port
St Joe FI
99 Miles, 7
J L Bharit Supeﬂnv.ende

ARAI:ISA% HARBOR TERM Aransas
7 \mu. 1 mesel

W A Scrivner Pres
ARCADE & ATTICA Arcade New York
28 Mlles 1 Swam l DI

R I Cartwrigh eral ) l
ARKANSAS & LOUIS]A\A M ISSOURI

Monroe
86 Vlllu,
E 8 Roys neer
ARKANE AS R R Stl.l' ity Ark

20 MHes, 5 Steam

W R Alsohrook ~General Manager
AROOSTOOK VALLEY Presque Isle Me

32 Mlles, 2 Electn

G B Haliett Man
ARTh‘VlUS-JELLICO Anemus Ky

14 MII , 2 Steam

R B Martin _General Superintendent
ASHhRT()\I & GULF Gulf Coast

Lines
ASHLLYADREW & NORTHERN Cros-
41 Miles, 4 Steam
C L Finch _Superintenden
ASPHALT BEL’ See Gul] Coast Lines
ATCHISON TOPEKA & SANTA FE

a Kan
E’i ngMlles 12,087 Oll 159 DIesel-Elec

Thomas_ Signal E
Comprising. Eastern Llnes
Western Lines
Coast Lines

Also (Listed Separately)
Gulf Colorado & Santa Fe
Panhandle & Santa Fe
Eastern lines 29856 M
D W Fuller 8ignal Enxlneer Topeka

Kan

C B Keers Asst 8ignal Engineer To-
peka Kan
Stgnal Suparmon'

E H Hahn n Kan

FD Hmwll (‘mlllcothe m

B R Olin Emporia Kan

56

Unless otherwise noted, each listing shows the number of
miles of road operated, and the number and type of locomo-
fives. In most cases, the words RAIL ROAD are omitted from
the company name. If no address appears after an official’s
name, he is located at the company headquarters address.

E L 8alisbury Arka.nus Clty Kan

B F Smith Mueeul

Western Lines 3.6 Mﬂa

ﬁ A Appleby Slxnalgns Amarillo Tex
ng

Hanson Asst 8 Amarillo Tex
R L Woodling Asst Sig Eng LaJunta
Colo
8 Sy
E F Artman Clovis N M
H L. Hutton Las Vegas N M
A N Jackson LaJunta Colo
R C LeHew Dodge City Kan
EH marilio Tex
O T Staley Well n Kan
Coast Lines 2,500 Miles
E Winans Loa A eles Calif
WCI;IPH Asst Eng Los Angeles
T A Smith Gens 8Sup Los Angeles
J ‘g F‘rlad CTC Eng Los Angeles
pcrvlwr
J L Bartlett San Berm.rdlno Calit
J C B y Needles C
wi Dlaner Wlnnlow Arlz
W F as  Fresno Cal

Doug! it
ATLANTA & ST ANDREWS BAY

Dothan Ala
82 Miles, 11 Oll, 5 Diesel-Elec
Nichols General Superintendent
WEST POI 4 Hunter

Steam
ller Asst Supt Motive Power
ATLANTA BIRMINGHAM & COAST
26 Cain 8t NW Atlanta 3 Ga
639 Miles, 61 Steam
% E Brower (‘iepcnl Supeﬂntendent
hie|
ATLA\I C & CAROL NA Kenansville
10 Miles, 2 Stea:
J E Jerritt Gen
ATLAN'I;II%& EAST CAROLI\IA Kins-

tol
96 Miles, 14 S8team, 2 Diesel-Elec
E R Buchan Presldent
ATLANTIC & WESTERN Sanford N C
24 Miles, 3 smm
Manager

E T Usaery eneral
ATIQ%TIC COAST LINE Wilmington

4962 Miles, 237 Steam, 71 Diesel-Flec
F Brown Vice President Wliming-

n N C
J S Webb Slxnnl Eng Wilmington N C
\i" " l Assistant Engineer
m

nzto \I C
. White Gel:%nl Superintendent Tele

Stmal u
WM Aduns Rocky Mount N C
O L Chltwood  Waycross Ga

J H Lackey Jacksonville Fla

D R Morris Savannah Ga
C 1l Wiegand Charleston 8 C
—_B -
BALTIMORE & OHIO Baltlmore Md
6,144 Miles, 1979 Steam, 9 Electric,
2 Ofll, 69 l)lesel 1 G
C W van Hormm (Oper & Malnt)
GH Dryden SIgnal Enginee
Comprising.
New York Terminal Region
Eastern Region
&entrnl Realon
Also (Listed Separately)
Baltimore & Ohlo Chicago Terminal
rminal Region 25 B'way

New York Te
NYC 5§ es

C M Shriver General Manager

A C Ciarke Ch Eng Baltimore Md

C \?Ysuverson 8ig Super Staten Is

Eastern {Eewm Baltimore Md

F G Hoekins General Man:
F A Baldinger Qupt Mo',lve Power

ubum: Pa

D Beltz  General Manager
Rees Supt Motive Power
Signal Supervisors;
P Buzzerd Pittsburgh Pa

L Connors Rochester N Y
H Gault Garrett Ind
Hol’lman Akron O

1 Walker Connelisville Pa

tern Region Cincinnati Ohlo

Mitchell General Manager
Burkley Supt Motive Power

TEgHemde DerQ
u:'a 2C :i

Stgnal Supereisors:
Cannon Washington Ind

MOR.

TERMINAL Grand Central Sta
Chlcago m
% Mﬂu, 16 Steam, 9 Diesel
House 8upt Motive Power & Equip

J J Clancy 8ignal 8u sor

BAMBERGER RR t Lake Clty Utah
Mlles, 9 Electric, 1 Diesel-Elec

J M Bam berier Generai Manager
BANGOR & AROOSTOOK Bangor Me

596 l\ﬁlw. 62 St.eam

£ CRELSEA e Hom

BARRE & CHELSEA See Montpelier &
Wells River

BATH & HAMMONDSPORT Ham-
mondsport N Y

8 Mllu Steam

WG A Su'gtol'qlz&c mm

BAUXITE & HERN Box 270
E 8t Louls I|

7 Miles, 5 § t.ea.m

wJ Nuebllng Ch E
BAY POINT & CLAYT

9M Ol

N  Cowell Callt
E D Barnett Supt
BAY TERMINAL Toledo Ohto
[ lles. 1 Steam
H O eron Pres & Gen Mgr
BEAg%ORT & MOREHEAD Benu!ort
33 Miles, 2 Steam
A T Leary Gen Mgr
BEAUMONT SOUR LAKE &WESTERN

See GuIéCmt ines
BELFAST & MOOSEHEADLAKE Bel-
fast Me
3 Miies, 3 Steam
W L Bowen Gen Mgr
BEL}I;EFONTE CENTRAL Bellefonte

20 Miles, 3 Steam

G E McClelland _ V Pres & Gen Mgr
BELThI‘tY CO OF CHICAGO 47 W Polk

440 M‘i?E.. 59 Steam, 9 Diesel

MF Stoku Pres & Gen Mgr

F E Morr Ch E
BENNE'[;HI‘ISVIL(IJJE & CHERAW Ben-

23 Miles, 2 Steam

AT Dampler Supt.

BENW (?.311) & HEELING CONN
Va

7 Miles, 4 team
F W Kios V Pres
BESSEMER & LAKE ERIE Greenville

Pa
214 Miles, 119 Steam, 1 Diesel-Electric
F Lnyng Ch E

G R Pflas

BEVIER & SOUTHERV
10 Miles, 4 Steam
R Corbin Ch Eng

BIG CREEI\ & TELOCASFT Pondosa

reg

11 Mlle‘. 1 Steam

T W Collins Pres & Gen Mgr
BIG FOUR SeeCCC & St L
BINGHAM & GARFIELD

33 Miles, 8 Steam, 2 Elec, 4 D

NE Moklnnon Supt

G (‘ Earl Ch Eng
BIRMINGHA‘;\‘I & SOUTH-EASTERN

7 Miles 2 Steam

J H Gen Mgr
MIR]X{IINGHAM SOUTHERN Falrfield

Fy

33 Miles, IG DIesel-Elec

E W Bean Ch En
BLACK MOU\'TAI\I Erwin Tenn

13 \lllm. 1 Steam

L H Phet E:hwe Gen Megr
BLUE RIDG Anderson sC

Bevier Mo

a Utah
esel-Elec

Dt
SOUTHERN
Bank Bldg Dallas 2 Tex

Pres & G Mgr
TTIEQBURG
l{xmlesbu.rx Miss

Texas

W O Tatum E V Pres
BOSTON & ALBA\IY HBoston Mass
M e & Equip tncluded in N Y Central
R J Culien Supt of Teie & Q\If Eng
B()S‘s'l‘O;Ilﬁt MAINE Boston X

ortol r N H
C P O’Connell (,reenneld Mass

S,, Ganada & Mexico

A Pennlnztorz/ lsoer'(,lon Mass
A
BOYNE CITY Boyne Clty Mich
10 Miles, Sunm
L H Whl n Mgr
BRIMSTONE R R New River Tenn
13 Mllu 1 St

A AK 8 Mzr
BUFFAL CREEK Buffalo N Y
34 Miles, 9 Steam, 4 Dlesel-Elec
W M Sporleder 8u
BUFFALO CREEK

don Va
19 MIIG. 2 Steam
J G Bradley ~Pres
BUFsFéLO NION-CAROLINA Unlon
20 Miles, 3 Steam
L. B Woodward Gen Mg
BURLINGTON MUSCATINE & NORTH-
WESTER Cedar Raplds Ia
11 Miles, 2 Steam
R F Knnq_p Pres & Gen Mgar
BURLINGTON-ROCK ISLAND Hous-
ton Texas
228 Mlles, 2 Steam
B Bristow Eng
BURLINGTON ROUTE SeeC B & Q
BUSH TERMINAL 107 48th St, Brook-

lynNY
4 Miles, 8 Diesel-Elec
PJ Roth_ V Pres
BUTTE ANAC?NDA & PACIFIC Ana-

conda Mon
135 Miles, 3 Steam, 29 Elec
P R Peery S8upt Malnt Way

t
GAULEY Dun-

_C = -

CADIZ R R Cadlz Ky
10 Mlles, 2 Steam
W C White Gen Mgr
CALIFORNIA WF.STERN & NAVIGA-
TION Ft Bragg Calif
49 Mles, 5 oli

A T Nelson Gen Mgr
CAMBRIA & IVDIANA Colver Pa

35 Mlles, 10 Steam
J H Smith Sug
D I, Rt ng Maint Way

odgers
CAMINO PLACERVILLE & LAKE
HOE Camlno Calif

9 Mllm 20
Preq
CAM{"RIELI{S CREEK Reed W Va

l
CANTON & CAR’ [‘HAGE Canton MIlss
57 Milea, 1 Steam
C L Freiler Gen N

CANTONRR '220 “’ater Raltimore Md

P
CAPE FEARR R Fort Bragg N C
32 Mlles, 2 Steam, 2 Electric
H H Latham_ 8upt of Sig & Comm
CARBON CO R R _Columbla Utah
5 Miles, 2 Diesel-Elec
HR n.llby Gen Mgr
CAROLINA & NORTHWESTERN
McPherson Sq Washington D C
113 Mﬂu 13 Steam
L C Walters 8upt of 8lg & Comm
H E Johnson 8Supt Hickory N C
CAROLINA CLINCHFIELD & OHIO
See eld R R

Ciiwh‘g

CAROL]NA LINCHFIELD & OHIO
RY 80 CAROLINA See
Cl hﬂdd

R
CAzg(gilﬁlNA SOUTHERV Windsor N C
Mnthews (‘en Mgr
CA LINA WESTERN Sumter ScC
5 Mlles 2 Steam

T H B Pres
CARROLLTON’ R R Carroliton, Ky
9 Miles, 1 Steam

ooth V Pres
CAsSlaVILLE & EXETER Cassville Mo

321

wam
R Dingler ¥ Pres
CASTLE\IA\I RIVFR 7008 Haze Ave
Upper Darby Pa

wood
13 Mlls l Steam
J Hers Pres & Gen Mgr
CEDAR RAPIDS & IOWA CITY Cedar
Ral)lds Ia
28 M lu 7 Electric

A R Swem Gen Supt & Ch Ei
CENTRAL CéALll!FORNIA TRACTIO\'

W L Wh Gen Mxr
CENTRAL INDIAN. Indlanapolis Ind
52 Mllea, 3 Steam
J D Fuchs SuEt
CENTRALOFGEORGIA Savannah Ga
1,816 Miles, 234 Steam, 14 Diesel-Elec
R R Cummins Gen M

8T
E B DeMeritt 8ig Eng Macon Ga
R M Hitchcock Buper Tele Macon

Ga
CEN‘;i‘RAL RR COOF NJ Jersey Clty 2

657 Miles, 369 Steam, 24 Diesel

E T Moore Gen Mgr

R w 113“““ Elec Enx
CENTR_AL e ERMONT See Canadian
CHA&{,EIS”CITY WESTERN Charles

v I[a

23 Miles, 2 Elec, 1 Diesei-Elec

J F Christiansen V Pres & Gen Mgr
CHARIESTON & WESTERN CARO-

LINA Wilmington N C
343 Miles, 45 Steam

FM axp TELEvVIsION
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Frequency Modulation poses obvious problems in the
design and building of loud speakers and loud speaker systems. The
answers to these problems are not simple; but research and precise
engineering based on long experiencs in and knowledge of audio-
acoustics, will result in a complete postwar line of JENSEN
speakers to meet the most particular requirements of FM.
Other new and special loud speaker applications will be met
just as satistactorily with other JENSEN postwar products, some
of which will employ the new JENSEN AUN/EQ 5.

To help the service man, dealer and engineer solve the
special problems of FM sound 1eproduction, JENSEN has made
available technical Monograph No. 3, entitled, “Frequency
Range in Music Reproduction.” This Monograph, one of a
series of four, is available for 25¢c.

Other Monographs
No. I-—"Loud Speaker Frequency—Response Measurement”
No. 2—"Impedance Matching and Power Distribution”
No. 4.—""The Effective Reproduction of Speech"’

-
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JENSEN RADIO MANUFACTURING COMPANY, 6601 SOUTH LARAMIE AVENUE, CHICAGO 38, ILLINOIS
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SCHEDULE OF DIRECTORIES in FM ano TELEVISION

the U. S. A.—includes the
naomes of general mana-
gers and chief engineers.

CLOSING DATE MAY §

on all roads in the United
States, Canada and
Menxico.

CLOSING DATE JUNE 5

JANUARY FEBRUARY MARCH APRIL
All Police and Emergency Rodio Products Directory, FM, AM, ond Television Set and Ports Jobbers,
Stations in the U. S. A.— listing monufacturers of S'o'mmﬁuu S.A.ond listing general managers
incudes nomes of the Ro- quipment, comp. t C includ ge & service monagers; ond
dio Supervisors. , ond suppli gers, chief ong Factory Representatives
CLOSING DATE JAN. 5 CLOSING DATE FEB. 5 CLOSING DATE MAR. 5 CLOSING DATE APR, 5
MAY JUNE JULYy AUGUST
Rodio Moanufacturers in Railway Signal Engineers All Police and Emergency Radio Products Directory,

Radio Supervisors.

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

CLOSING DATE JULY 5

listing monufacturers of
equipment, components,
materiols, and supplies.

CLOSING DATE AUG. 5

SEPTEMBER
FM, AM, ond Television
Stations in the U. S. A. and
Conodo—includes general
manogers, chief angineers.
CLOSING DATE SEPT. 5

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

CLOSING DATE OCT. 5

OCTOBER

NOVEMBER
Radio Manvufacturers in
the U. S. A.~~includes the
names of general mona-
gers ond chief engineers.
CLOSING DATE NOV. 5

DECEMBER
Railway Signal Engineers
on all roads in the United
States, Conado and
Menxico.

CLOSING DATE DEC. 5

U. S. RAILROADS, Confinved

F W Brown Gen Mgr
CHAl;l"ll‘nAléOOCHEE VALLEY West

27 Miles. 3 Swam

R F Lanier
CHESA PEAKE &. OHIO Richmond Va
3. 017_3 Miles 895 Steam

wmaster Exec V Pres
W N Hartman Supt Tele*& Sig
D K Roll Super Sig Constr
C 1\!::[ Nauman Gen Super Tele & Telo

t
H C Land Tele & Telo Eng
SMg;rvan of Signals:
arrison (‘Im,on Forge Va
H M Johnson Peru Ind

M Weeks
CHESAPEAKE WESTERN 141 W
Bruce St Harrisonburg Va
52 Miles, 5 Steam
J C Black 8up!
CHES'I‘NU'I‘k §IDGE 160 Front St

LBH Gen
CHICAlGOCh& EASTERV ILL 332 8

720 Miles. csagsm 12 Dlsel
F G Nicholson Gen
G P Neal Supt 8Sig &. Tele Danville

m
Stgnal Supervisors:
E Folley anvitle Il
E R Lin Evansville Ind
G C Selfert Salem Il
H Duncan _Danville Il
CHICAGO & ILLINOIS MIDLAND
Tiinois Bldg Springfieid I
lSlvaIllw. 26 team

G mgrund P
CHICAGO & ILLINO S WESTER\X
135 E 11th Pl Chlcuai
12 Miles, 4 Steam, eul
J L Beven Pres
CHICAGO & NORTHWESTERN 400
W Madlson St Chicago 6 T
8,077 Miles, 600 Steam, 30 Diesel
E Noble Supt Tele & Slgs
8 Tomkins Asst Supt Tele & Sigs
Moyer Asst Supt Tele & Bigs
ors of Tel les%mph ‘g: Signals:

L]

o I

W
G WEST RV INDIANA
47 W Polk Chlcaxo
172 Miles, 19 S
G M K ly S Bupcr
CHICAG! A ICA &
Box 169 An.l
63 Miles, 5 8

F E Cheak G Supt
CHICAGO AURORA & ELGIN Whea~

wEKaT gO

SOUTHERN

IJ8
R G Kendall Com nts
CHIE{GO JBURLI“«G’I‘O & QUI‘\ICY

ackson Chi
9,024 Miles, 871 Steam 80 Oll 4 Gas-
Elec, 75 Dlesel-Elec
W F Zane 8ig Eng Chicago
A Emml.n Prin Asst 8ig Eng Chl-

L Asst 8ig Eng Lincoln Neb
L East of M1issouri River 4,556 M!
O E Ward SBupt Motive Power
s Su; 078
CT Bishop Aurora M
JH LaChmee Ottumwa Ia
W W Swanson Galesburg It
F A Tegeler 8t Joseph Mo
RL Vnuxhn Harrison & Canal Chi-

um Wut of Missouri River 1004 M!
Farnam

s"
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Juhon Blvd Chlcag 6 Il
56 Steam, 6 Diesel, 2 Gas

n Supt Tele & Sig
ngton Asst Supt Tele
uperoisors:

EN
55 E

Qnwus~
LomEE

L

L D Allison Oelweln Ia

h J Klsas Oelweln Ia

W J O'Nell St Paul Minn

CHIC}A‘(iO HRI:IIG HTS TERMINAL
3328 Mlchlgan CMcago 4
7 Muee. 3 Steam, 2 DI esel

F G Nicholson V Pres & Lsr
CHICAGO INDIANAPOLIS & UIS-
VILLE L. ette Ind
541 Miles, 85 S8team, 4 Dlesel-El
Aénemon Asst Ch omrou&cn
E Gngtradung B?t Tele & 8ig

E E Ireland
CHICAGO "!‘I&IVC’I‘ION See  Chicago

River & I
KALAMAZQO & SAGINAW

CIIICAGO
{chigan Centr,
CHICAGO ILWAUKEE ST PAUL &
A’AlCI FIC Unlon Statlon Chlcago
1061111 Mllels. 1008 Steam, 52 Elec, 82

Dliesel
J T Glllick Ch O;i_e
L B Porter Supt ele&Blg
Eastern Lines 7,346 M
O N Harstad Gen Mgr Chicago Il
J P Kaysen Asst Supt Sig Mllwaukee

Wis
E J Muckerhelde Tele & Telo Eng
Milwaukee Wis
A Hel Super Tele & S8ig Mil-

Su rmon 0, Tauamph &
¢ Riexander. polts Mina

) Bmon Mnson Clty Ia

3 Bentley Terre Haute Ind
¥ Bornitzke Milwaukee Wis
C Downing Milwaukee Wis
C Dueland Ottumwa Ia
Minnea

(™

wcpwm»

‘astern Lines 30,085 Miles
L W Smith Supt Tele & Slg Seattle

yd‘:h h & Stgnal S vis:
grap; uperotsors:
E P Allen Tacoma Wash
R M Lloyd St Marles 1dah
C O Mc harson Miles Clty Mont
herson Butte Mon!
CHICAGO NORTH SHORE & MIL-
WAUKEE 72 W Aduns Chicago
2R97Gs Miles, 8 Elect

ndail Com
WG l"l erald Slx
CHI(B:&IAGO RIVE.

228 Miles, 35 Sf

W L Houghton Supt Equi Cl (]

S L Van Akin Supt Tele etroit Mich
CHICAGO ROCK ISLAND & PACIFIC

LaSalle 8t St.at,lon Chlcn%o
7,751 Mlles, 722
C R Swenson
E A Dahl Elem.ronl Enz
C(;\él Duffy Asst Sig Enz El Reno
Y
C Iﬁ Hartvig Asst 8ig Eng Chicago

C O Ellis Sug!. Tele Chlcago I

G E B, ram ‘ele & Telo Super Kan-
8as
Staruu Su otsors.

LTl lel ]
"t gt g

c
hnen Blue Island I

O ST PAUL MINNEAPOLIS
MAHA 400W Maudison Chicago 6
Miles, 234 Steam, 8 Dlesel

oble Supt Tele & Sig _Chloago
Tomkins Asst Supt Tele & Sig

cago
F&Vmﬁluer Gen 8ig Super St Paul
CHICAG?].l SHORT LINE 8outh Chi-

cago
29 Milles, 6 Steam, 3 Diesel-Elec
A E Feeley Gen Mgr
CHICAGO SOUTH SHORE & SOUTH
BEND Michigan City Ind
77 Miles, 16 Electric
C H Jones V Pres & Gen Mgr
CHICAGQO TERRE HAUTE & SOUTH-
EASTERN See Chicago Milwaukee St
Paul & Pacific

Q
e
=
>N
oF

W=
QulB2eQ
230

CHICAGO WEST PULLMAN &

BOUTHERN Wes( Pullman Iil
31 Miles, 11 8
wJ Wheaton Mnlnt of W
CINCINNATI URVSIDE & UM-
BERLAND VER See Southern
Ratlway System
CINCINNATI_ NEW ORLEANS &
TEXAS PACIFIC Ses Southern
Raflway System
CITY OF PRINEVILLE Prineville Ore
18 Miles, 3 Of

C W Woodruft Mgr
CLA‘I}"E‘IDOV & PITTSFORD Proctor

18 Miles, 3 Steat
CLARI((:)OVll}.iIVLéastRldzw P

a

11 Miles, 1 Steam nd

R E Cartwright V Pres
CLEVELAND CINCINNATICHICAGO

& ST LOUIS Indianapolis Ind

Mitleage & Equlp tncl in New York
Central

J J Corooran nzs Cleveland Ohlo

B J Schwendt Aas ig Eng Clncin-

ti O
C D Cronk Asst Sig Eng  Cleveland O
CE Buter Bth Tele Detrolt Mich

Tenn

team
Comprising. C olina Clinchfield & Ohlo
Cm'ollna ‘Clinchfel d & Ohlo of 8

L H Phetteplace n Mgr
COL((:)PLADO & SO EASTER\I Delagua

iles, 2 Swam
A McNew Sup
COLORADO & BOUTHER‘I Denver

, 64 Steam, 9 Oll, 1 Dlesel
Supt Tele & Sig

& WYOMING 1755 Glen-
arm P1 Denver Colo

114 Miles, 21 Steam

W Wire V Pres
COLORADO RAILROAD INC Pueblo

Colo
33 Miles, 1 Gas-Ele¢ .
I MacDanlel Sec & Treas
COLUMEIA & COWLITZ Tacoma

8 Mllu. 1 Oll

CH
COLUMBIA NEWBERRY & LAURENS
Columb a8 C
75
P Tag
COLUM

>%
Zo

Pres & Gel Er
US & GREEWIL E Colum-

Kinzua Oregon
C C Coleman Bum
CONEMAUGH & BLACK LICK Johns-
town Pa
48 Miles, 27 Steam
F Campbeil V Pres & Gen Supt
COP]I&ER RANGE 89 Broad St Boston
488

NWALL R R Bet.hlehem Pa
SPGAMlles. 9 Steam

‘Trageser V Pres
COTg‘ON B!'.LT ROUTE See St Louts
COU(]})ERSPORT & PORT ALLEGANY
33 Mus. t.eam
WFD Pres
COWLITZ CHEHALIS & CASCADE
Beattle Wash
32 Mllu. 3ol
JN Pres
CRAIG MOUNTAIN ‘Winchester Idaho
6 Mllu 1 SG Sup
CUMBERLAND & MANCHESTER
See Loutiseille & Nashvills
CUMBERLAND & PENNSYLVANIA
Cumberland Md
50 Milles, 11 Steam

W Claus Gen Mgr
CUYAHOGA VALLEY 3341 Jennings
Rd Cleveland Ohlo

14 Miles. 9 Steam
W M Lorenz Pres & Gen Mgr

— D —
DALLAS TERMINAL R R & UNION
DEPOT CO

See St Louis Southwestern
DANSVILLE & MOUNT MORRIS
Dansville

9 Mllw. 2 Steam

Hart V Pres & Gen
DANVILLE & WESTERN Dmvﬂle Va
82 }vﬂles, 5 \‘.eun

DARDA)?ELLE k& RUSSELLVILLE

Dardanelle Ar
7 l\gl es, 3 Bt@am
DAVE RT OCK ISLAND &
NORTHWESTERN Davenport Ia
48 Mlles. Steam
F 8 Welshi rook Gen
DE KALB & WESTERN De Kalb Miss
12 Miles, 2 Steam
E H Jones Pres
DELAWARE & HUDSON Albany N Y
848 Muu, 355 Steam, 5 Oll, 1 Dlesel-Elec
S H Rice 8ig Eng & Supt Tele
J A Vallee Super 8Sig Constr

Signal Supervisors:
C M Aocker Albany N Y
B H Richards Oneonta N Y
40 Cedar New York City
1604 Mlles, 370 Steam, 141 Motor cars,
33 Diesel-Elec
J Ray V Pres New York City
Rellly 8ig Eng Hoboken N
Thomas Telo Enx Hoboken N J
Buﬂnlo NY
Pa
n NJ
DELRAY CONNECTING 7501 W Jet-
ferson Ave Detrolt 32 Mlch
ZGSJMlles. 8 St.eam
DELTAAVQ LEY & SOUTHERN
18 Miies, 2 Steam

E D Bryan VPres&GenMYr
DENVER & INTERMOUNTAIN Den-

wil-

H Detrick _Supt Eq \?
DEVVER & RT1O GRANDE WESTERN
Rlo Grande Bldg Denver Colo
2,405 Milles, 321 Rteam, 4! Dlesel-Elec
W W Pul

am
B W Molls 8
o (l:l IBrown 8ig Constr Eng Denver

olo
J Ayer 8ig S8uper Provo Utah
C R Hom Super Pueblo Colo
B C Esato ig Super Grand Jot Colo
DE‘IVER & SALT LAKE Denver Nat'!
Bldﬁ ver Colo
231 Miles, 39 Steam
W H Asst 1o Pres

t Tele
DEQUEE\I & EASTERN DeQueen Ark
36 Miles. 1 Oll
JC Leepe V Pres
DES MOINES & CE\ITRAL IOWA
1ith St Des Moines
75 Mlles. 7 Elec
HA Benjamln Pres & Gen Mgr
DES \L}OINES UNION Decatur Il

40 Miles, 5 Si
R J Bellsmlth q%t of T
DET Ml T &M INAC Tawa.s City

242 Mlles, 18 Steam, 1 Gas
C A Pinkerton Pres & Gen Mgr
DETROIT & TOLEDO SHORE LINE
Monroe Micl
59 Miles, 25 S
alnt of Way

O H Sesslo ng M
DET)&OIT CARO & SANDUSKY Caro

44 Mlles, 4 Steam

J W MacLachlan Gen
DETROIT TERMINAL 14517

ward Ave Detroit Mlich
18 Miles, 2i v.eam
D G Cohan Gen
DETROIT TOLEDO &. IRONTON 4921
mel

114

Wood-

P L Forbes
DONIPHAN KENSETT & SEARCY
See Mo Pac R R
DONORA BOUTHERN Donora Pa
16 Mlles. Steam
F E Van Woert V Pres & Gen Supt
DUL}{ITH & IRON RANGE See

{3sabe & Iron Rang
DULUTH & NORTHEASTERN
w[et Minn
12 Miles, 5 Steal
G E Nichols V Pres & Gen
DULUTBchMISSABE & IRON RA”IGE

Mii
545 Mllu. 139 Steam

AL
DULUTH SOUPTH SHORE & ATLAN-
Mlnneapolls Minn

535 Mll& 32 8
R C Wickizer Supt.Teln 509 W Roose-
Rd Chl

velt
DURHAM & BOU%ERN Durham N C
59 uu. 4 Steam
D Clark Supt

ulh
Clo-

—E—
EAST BROAD TOP Rockhlll Furnace
70 Miles, 9 Steam
CD Jones V Pres (Oper)
EAST CAROLINA® Fataville N C
25 Miies, 1 Steam
W H Newell Gen Mgr
EAST ERIE COMMENCIAL Erie Pa
12 Miles, 4 Dicsel-Elgo |
J'H Huntt _Pres & Gen
EAST JBREEY R R ATERM Bayonne

4 Miles, 4 Diesel
J A Glliesple Supt

FM anp TrLEVISION



RAILROAD RADIO
FREQUENCIES

Because of the punishment which radio equipment
must take in railroad operation, the maintenance
of exact frequency adjustments must be made a
part of routine servicing.

For this purpose, BROWNING Frequency Meters
are ideally suited. Their accuracy, reliability, and
rugged design have been proven over years of

service to police radio systems in every part of the
United States.

Every police radio supervisor who uses the
BROWNING "Sixty Seconds Check” for regular in-
spection to keep his equipment at top efficiency
testifies to the ease and speed with which these
instruments can be used.

Full information on BROWNING Frequency Meters
is available to railway radio engineers. Address:

BROWNING
LABORATORIES

INC WINCHESTER
o MASSACHUSETTS

June 1945 — formerly F'M Ranio-ELrctroxnics
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U. S. RAILROADS, Continved

EAST JORDAN & SOUTHERN East
Jordan Mich
22 Miles, 1 Steam, 1 Gas
H P Porter Pres & Gen Mgr
EASTLAND WICHITA FALLS & GULF
Eastland Texus
28 Miles, 2 O1}
CJ Rhodea V Pres Gen Supt
EAST ST LOUIS JUNCTION Nat1l
tock Yards Chicago 11l
L8 Bt,eam

G
EAST TENNES! EE & WESTERN
NORTH CAROLINA Johnson City

m
W _H Blackwell V Pres & Gen Mgr
E,AS’{’dWASHIVGTOV Seal Pleasant

3 Miles, 2 Steam
M Rector Pres & Gen n Mgr
EDGSE(MOOR & MANETTA Edgmoor
3 Miles, 1 Steam
R A Willis Gen Mgr
YL DORADO & WEQSO\X El Dorudo Ark

H D Reynolda

I~

Pres
ELGIN JOLIET & EASTERV Jollet 111
392 Miles, 174 Steam, 63 Diesel-Elec
T M Miiligan_ Gen Supt
F C Stuart S
F W Furnas Asst l% Eng
ERIE R R Midland Bldg Cleveland O

2,377 Mlles, 761 Steam, 12 Diesel-Elec,

1 Gas-Elec
W 8 Storms 8ig Eng
J P_Kreiter Act Su l Tele & Telo
G D Poole Tele & Telo Eng
Eastern District 1,171 Mlles
RC Randall Gen Mgr Jersey City N J
Stgnal Supervisors:
RC Galleher Hornell N
Blnghamton NY
Paterson N J
J H Storms Paterson N J
A C Turner uffalo Y
Western District 1,208 Miles
A E Krieslen Gen \lzr Younnwwn o
Stgnal Supervisor.
O G Carey Mari
C L Castor Youngstown O
E F Champlin Huntington Ind
A E Young Salamanca NY
F Youngwerth (Asst) Youngstown O
ERIE & ICHIGAN RY & NAVIGA-
TION Alabaster Mich
11 Miies, 1 Steam
AA Blgelow Gen Supt
hSCAel BA & LAKE

onO

SUPERIOR

l-‘TNA & MONTR()BE Etna Pa
1 Mile, 3 Stream
M J Strueber Supt
FVAVBVILLIEd&. Ol[IO VALLEY

W R Hickrod Gen Mgr
EVANSVILLE SUBURBAN & NEW-
BURG l[ Evansville Ind
25 Miles, 3 Steam
C H Hendricks V Pres & Gen Mgr

—F—

FAIRPORT PAINESVILLE & EAST-
ERN  Puinesville Ohlo
20 Miles, 8 Steam
L 1. Dixon Pres & Gen Mgr
F%’FMI*}!ER;IIVER Feather Falls Callt
C J Everett Sugt of Sig & Comm
I-EDERAI, VALLEY SeeN Y Central
FERNWOOD COLUMBIA & GULF
Fernwood Miss
44 Miles, 3 Steam
Enochs @upto 8Sig & Com
FLEM NG%BURG & \'()RTHLR\'
sburg K
Mllm Gas-Elec
G aulkner _Gen Mgr
FLINT RIV ER & NORTH EASTERN
Moultrie G
23 Mliles, 3 %
F R Pldcock Gen Mgr
YLORIDA EAST COAST St Augustine

Fla
682 Milles, 102 O11, 6 Dlesel-Elec

W A lloffman

GIPOVI‘ RS-
VILLE Gloversville \'
20 Miles, 4 Steam
J Zimmer Pres
FOR‘PECE & PRINCETON
T
9 Mlles l
A Mayh V Pres & Gen Mgr
FORF RI PR Bethlehem Pa
7 Mlles, 6 *team
P A Trag
FT DOD(JE DES MOIVES & SOUTH-
ERN Boone Ia
150 Mllw, 12 Elec
C H Crooks Pres & (Gen Mgr
I-ORIT ‘!‘\IYI-‘RS BOLTHFR\' See At-
an

¢ Line
FTSMITH @UBIACO & ROCK ISLLAND
Parls Ark

Fordyce

H H Hasselbacher Gen Bupt Tele

cago
% Parnell Supt Tele Denver Colo
FORTH WORTH BELT See Texas &

Padg
FRAIert( ORT & CINCINNATI Frank-

(v
41 Mliea” 5 Steam
J'M Perkins Pres & Gen Mgr

-G —
GAINESVILLE MIDLAND  Galnesville
a

;“4 Miles, 5 Steam

‘Webb p
GALESBURG & REAT EASTERN
ldg lndlmapolls nd
10 M s, 2
R H Sherwood Pres
GALVESTON HOUSTON & HENDER-
50%3;«' Galv{luton Texas

7 O
N E Smith Supt 8ig & Comm
GALTVESTOV HARVES Galveston

exas
51 Milles, 7 Steam
R E Fristoe Ch Eng
GARDEN CITY WESTERN
City Kan
14 Mlles, 1 Oll
J Stewart Pres & Gen Mgr
GENESEE & WYOMING Scrnnlon Pa
15 Mlles, 5
H C Finch V Pres & Gen
GEORGIA & FLORIDA Augustl Ga
408 Mlles, 32 Steam
"has McDiamid Supt 8ig & Comm
GEORGIA NORTHERN Moulitrle Ga
68 Milles, 6 Steam
Pres &

C W Pildcock Gen Mgr
GEOCIIIGIA R R 4 Hunter St Atlanta

a8
329 Miles, 53 Steam
C A Wickersham Gen Mgr
GEORGIA BOUTHERN & FLORIDA
See Southern Ratlway System
(.RAI"I‘OV & UPTON Honedale Mass
lles. slec
A Johnson  Gen Mgr
GRAHAM COUNTY Oll City Pa
12 Mlles. 1 Steam

J B Veach Prea
GRASSE RIVER Conifer N Y
6 Mllw, 2 Steam

S({ Pres
GRAY NIA NASHVILLE & ASH-
DO Nashville Ark
27 Mlles 3 Steam
J W Dawson_Gen Sup & Ch Eng
GREAT NORTHERN St Paul Mlnn
8,372 Miles, 423 Steam, 386 Oll, 12 Elec
66 Diesel-Elec, 31 Gas-Ele¢ Motor
Cars, 2 Diesel-Elec Motor Cars
H E Brashares Supt Sig
P G Seaholm Asst Supt Sig.
R C Thayer Supt Tele 8t Paul Minn
8 J Bowers Asst Supt Tele Spokane

Garden

a8l
Signal Supervisors:
J P Melby BSeattle Wuh
H Ottoson Mlnneapolla
GREAT WESTERN O Box 5308
Tel rmlnal Annax Denver Colo
84 Mlles.

D J Roacl
GREVI‘:I.'I;IBAY & W!i%TERN Green Bay
234 Miles, 12 Steam, 1 Diesei-Flec
E MeGee
GREENVILLE & NORTHERN Green-
ville 8 C
19 Miles,
F G H bl V Pres & Gen Mgr
GULF & SHIP ISLAND Ses Ill ccnlral
(.ULI-‘ CO e GI‘ilI"‘XES Comprising:

Asphul Bell
Beaumont Sour Lake & Western

Orange & Northwestern

Rio Grande City

8t Louls Brownavllla & Mexico

San Antonio Southern

San Antonio Uvn.ldo & Gult

g-.n Befll(a & Rlo Grande Valley

l,734 Mlies, 5 Steam, 93 Oll, 2 Elec, 7
Diesel

I.S Werthmuller 8ig Eng_ St Louis Mo
11 L Robertson Asst8ig Eng Houston
W Rogers Supt Tele 8t Louis Mo

R H Richter Asst Supt Tele Houston

Tex
GULF COLORADO & SANTA FE Gal-
veston Texas
2,098 Mlles, Equipinclin AT&SF
V O Smeltzer Sig Enﬂ
W L Talevich Assl Sig Eng
JLL ele gr

AT ol
P H Yarbrough Galveston Tex

GULF MOBILE & OHIO Mobile Ala
1,963 Mllw 160 Steam, 13 Diesel
K win Supt Telo Tele & Sig
GD Mel)onud uper 'l‘olo Tele & Sig
J M Wuerpel Super S!

HA\ILI\' & NORTHWESTERN Ver-

Texas
11 Mllm 1 ()ll
H U Jacl & Gen Mgr
HAMP’I‘é)g&BRA CHVILLE Hamp-

49 Mlles. 4 Swam

E O Lightsey V Pres
HA\XVIBALP CONNECTING  North-
al i3

ock  Pres
HARBOR BELT LINE 8an Pedro Callf
18 Miles, 16 Ol
hlin Gen Mgr
A N & NORTHI:.ASTER\' See
So Ry Sys!
HARTWELL R R Anderson 8 C
10 Miles, 1 Steam
C Quin V Pres
HELENA SOUTBWESTERN
Helena Ark
287 Mlles. Steam

F W Schat Gen Mgr
HIGH POll\ T-THOMASVILLF & DEN-
TO. l:lgh Point N C
34 Mlles. 5 Steam
O A Kirkman Exec V
HILLSBORO &
Hillsboro Wis
6 Mlles, 1 Gas
J A Lesnlk Pres & Gen Mgr

West

Pres & Gen Mgr
NORTH EASTERN

HOBOKEN MANUFACTURERS R R
Hoboken
11 Miles, 3 Diesel-Elec, 1 Gas
AR zowan Supt
HOOPPOLE YORKTOWN & TAMPICO
Hoop] m
12 Mlles. Steam
A R Mathis  Gen Mg
HOOSAC TUNNEL & WILM[NG’I‘O\X
Readsboro Vt
12 Mijes, 2 Steam
J A Long Gen Sugl
HOUSTON & BRAZOS VALLEY See
Gulf Coast Lines
HOUSTON BELT & TERMINAL Un-
ion Sta Bldg Houston Texas
26 Miles, 7 Oll, lesel
G M Leach en Mgr
HUNTINGDON & BROAD TOP
MOUNTAIN Saxton Pa
74 Mlles, 9 Steam
F E Steele Supt
HU'I;CHI\II(SON & NORTHERN Hutch-

an
(] Mlles. 2 Elec
8 B Horrell

§

Gen Supt
—_f -

ILLINOIS CENTRAL SYSTEM 135 E
th Place Chicago 5 Il
10,819 Miles, 1370 Steam, 37 Dlesel, 140
Motor Cars, 140 Traller
Comprising:
Alabumas & Vicksburg
Gulf & Ship Island

RC Asst to Sig Eng

JM ec Eng Fixed Property

P B Burle Electronles Eng

G K _Phill Asst su;ly_t Tele

J C Ramage 8u elo & Tele Equlp
G R Stewart Telo & Tele Eng

D C Walk Anal Supt Tele Rm 411

18 Ten
C I Edney Su g Tele Equlp
411 Grand Central Stn Memphis Tenn
A L 8Stahl Telo & Tele Eng Memphis

nn

trict Fo remen Tcuar%m
LP
LH
D D o
J C Doyle Champalgn Il
J A Holllday Jackson Miss

R Peck Waterloo Ia

LR Wlm?ham Fulton Ky

ILLINOIS NORTHERN 180 N Michi-
gan Chlengo

28 Miles, 9

W J Wheato! Maulint of y Eng
ILLINOIS TERMINAL Bprlnzﬂeld m

456 Miles, 22 Stea:

John Lelisenring gl of 8ig & Comm
INDIANA HARBOR BELT Detroit Mich

628 Mllu. 116 Steam

an Akin Supt Tele

(‘ E Rowe Sig Super Englewood m

w L Murphy Asst 8ig Super Engle-
lNDlANA NORTHERN 533 8 Chapin

8t South Bend Ind
Bmam

G

INDIANA SERVICE CORP 2101 Spy
Run Fort Wayne Ind

18 Mllw. 2 Elec

E A Luhm. q
[VDé.:INAPOLIS UN ION Uunlon Station

16 Mlles. 11 Steam

J M Symes Prea
IVTFRNAT[ONAL-GREAT NORTIi-

RN Houston Tex

1,155 Miles, 103 Oll 10 Diesel

H L Robertson Act Asst Eng Sig

R H Richter Aml Supt Tele

L 8 Werthmull Sig 8t Louls Mo
ogers Su l Tele St Louls Mo
I\TERNATIO AL R R 43 Court St
Buffalo N Y

121 Miles, 3
BJ Yungblum Pres & Gien Mgr
INTERSTATE R R Andover Va
55 Miles, 13 Steam
A Ramsey V Pres
TOWA TRANSFLR Des Molnes 9 Ia
slec

3 Mlles, lec
F C Hubbell Pres
—_d -

JACI\SOIII«'VH;LL TERMINAL Jack-
51 Miles, 11 St,esm 2 Oll
J L wil Pres &

Kes
JAMESTOWN WESTFIELD & NORT[{-
WESTERN Jamestown N
33 Mlles. 2 LI
MPG & Gen Mgr

V Pres
JAY STREET CONNECTING 7l Water

u
CKW dge Pres
JOHNSTOWN & STONY CREEK
Johnstown Pa
3 Miles, 3 St
C M Kimmel Pres

—K —

KA.\%AWHA CENTRAL

Va
5 Milles, 1 Steam
H H Fletcher Gen Mgr
KANBSAS & MISSOURI
Kansas Clty Mo
(] Mlle!, 2 Elec
W H Cummins Sec
KANSAS CITY COVVECTI\'G le&
stock Exch Bldg Kansas City M
12 Miles, 1 Steam

J C Cash Pres
KANSASCITY KAW VALLEY Bonber
Springs Kan
42 Milles, 2 Elec

Charleston

1711 Minn Ave

J E Hubbel Supt
KANSAS CITY PUBLIC SERVICE
7 City 13 Mo
l\ANBSAq CITY BOUTHER\I 114 W lith
1713 Miles, 189 gt.eam 14 Diesel
E F Salls gz Sig & Comm
Tele
TERMINAL Unlon
City Mo
170 Mllu. 13 Steam, 10 Dieset
F J Ackerman Ch
KANSAS OKLAHOMA & GULF See
Midland Valley
KELLEY'S CREEK & NORTHWEST-
ERN Ward W Va
7 MHes, 3 Steam
L Riden Mg
KELLY" B CREF!\ Mammouth W Va
7 Miles, 1 Steam
W F Wolfe Su
KENTUCKY & I DIANA TERMINAL
%910 No Western Pkway Louisville
125 Mﬂyes. 30 Steam
C W Asl Prea & Gen Mg
KEV;:.;S{NE GREEN BAY & WEST-
35 Mlles, 6 Steam, 1 Dlesel-Elec
For o] seeG B & R
KLICKITAT LOG & LUMBER Kilckl-
tat Wash
20 Mlles, 2 Oll
W H Rathert Supt
—_t -
LACKAWANNA & WYOMING VAL-
EY Scramon Pa
24 MNl‘lw. Elec

PJ Ny Pres & Gen Mgr
LACKA?VA NA R R See Del Lack &

LAKE (,HANMPLAIV & MORIAH Port

gr
& FT WAYNE Decatur
5 Miles, 1 Diesel
R J Bellsmith Supt of Tele
LAKEE’;:%IE & EASTERN See P & L
LAKE ERIE FRANKLIN & CLARION
Clarion P
16 Mlles, Steam
L L Marshall Gen Supt
LAKELAND R R Lakeland Ga
10 Miles, 1 Steam
C Bradford Gen Mgr
LAKE PROVIDENLE TEXARKANA
& WESTERN Memphis Tenn
2 Miles, 1 Steam
R W Dickinson V Pres & Supt
LAKESIDE & MARBLEHEAD Mar-
blehead Ohio
ll Miles, 4 Euam
O F Gardi Mgr
LAKE BUPERIOR & ISPEMING Mar-
uette Mich
156 Mlles. 32 Steam
A Egverson V Pres & Gen Mg
LAK SUPERIOR TERMINAL &
NSFER Superior Wis
25 Mllw. 13 Steam
L Elmsile Su ?‘
LAKg‘I T‘llall}MlNA Grant Bldg Pitts-
40 Mlle!. 17 Steam
J M Morrls Pres & Gen Mgr
LANSC(AJSTER & CHESTER Lancaster
29 Mlles, 4 Steam
A P McLure Pres & Gen Mgr
LAONA & NORTHERN Lwna Wis
14 Miles, 3 Steam
R M Connor V Prea
LARAMIE NORTH PARK & WEST-
ERN Laramie Wyo
111 Mlles. 4 Steam
F C McEntee Gen Sup!
LA sstlll‘Llli:j& BURI:.AU COUNTY La
13 Miles, 1 Steam, 1 Gas-Elec
J B McCaffrey Gen Jr
LAURINBURG & SOUTHERN Laurin-
burﬁ NC
30 Mlles, 3 Steam
G Y Jones Mgr & Su?t
LEngG}l" & HUDSON RIVER Warwick
96 Mlies, 20 Steam

A Shaw Pres & Gen Mgr
LEHIGII & NEW LNGLAND Bethie-
em
190 Miles, 44 Steam
1ac] Super Tele & 8i,

JE kman
LEHIGH VALLEY Bethlehem
1, 256(()‘ Mllw, 352 Steam, 51 l)luiel-l:.leo.
as~ Lk

Elec

J ¥ Yerger Supt Tele & Sig
J A Nledeek Asst Supt Tele & Sig

visors of Tele & Sig:
itchendort Buffalo N Y

A Frank Wlilkes-Barre Pa

T P Heltzman Jersey City N Y
LEWISTON & YOUN STOWN FRON-

TIER Youmwwn NY

[} Mll&l. 1 Diesel
t of Sig & Comm

J Van
Ll(.O\ IER VAL%I:.Y Ligonier Pa
16 Miles, 4
J P Gochn urJ Gen Mgr
LITg‘lﬁFlu!iJLD & MADISBON Edwards-
o
51 Mlles, 7 Steam, 1 Dluel-Eleo

H N Huntsman _Chief Engin
LIVE OAK PERRY & GULF Foley Fla
59 M 4 Steam

J H Kansinger VPres&Ge Mgr
LONG ISLAND R Penn Station

m, 35 Eloc. 3 Dlmel

J'8 Genshetmer Sum

ginbottom Asst .nﬁ'l‘ele& Sig
fte Buper Tele & 8! Jamalca

Amz Super Tele & Big Ja-
mllen

FM axp TELEvVisION



MOTORS

1 1500

ON BURKE TERMINAL BLOCKS

If your problem is control circuit design, layout, or installation, you
will want this new informative bulletin on Burke Molded Bakelite
Terminal Blocks. The Bulletin contains actual size cross sectional
illustrations showing detail construction features, with dimension and
prices on all types and sizes.

Burke Terminal Blocks provide a simple method of identifying, section-

alizing and terminating intricate control circuit wiring—a few of the

typical applications are listed below. Prompt deliveries are being made.
Write for your copy of booklet TB-3

BURKE ELECTRIC COMPANY e« 1456 WEST 12TH ST., ERIE, PA.

A FEW Jypical USES

Electronic Control Systems e Radar Equipment e Radio

Receiving and Transmitting Sets @ Telephone and Telegraph

Switchboards e Load Dispatching Signal Systems e Fire

and Police Signal Systems e Traffic Signal Systems

Machine Tool Control e Voltage Regulator Equipment

Switchboards of all kinds e Automatic Welding Control
Induction Heating Control

¢ GENERATORS 1 1000 K. w,

B u R K E A.C.&D.C Motors & Generators

BURKE

June 1945 — formerly FM Rapvio-ErntzerroNics

ELECTRIC COMPANY, ERIE, PENNSYI.VANIA- Since 1897

61



U. S. RAILROADS, Continued
H L uulnear Asst Super Tele & Sig

Jamaica N Y
L()\(-Vlh“ PORTLAND & NORTH-
ERN Luugvlew Wash
7 Miles, 4 O], 1 Diesel-klec
R F Morse Gen Mer
LLORAIN & S5OUT HLR\' Guildhall Bidg
Cleveland Ohlo
(ls }Xllall 1 %e;m
A)R\l\! & WP,S’I V1RGINIA

‘& LERy
.()‘1 A\'(.hLI:.S JUNCTIO{'\' 4814 Loms

33 A\lllul 1 Oil,
H G Erickson Ch
l,()LHlA\A & Al(l\\\'\\“c Kansa#

i Mo
S’H Miles, 64 Oll,
F 11 Hooper Gen \X
Lot l"IANA & \Ul(lll WEST

99 ‘\llles 5 Steatn
LS Rand Gen Supt
L()U HIAVA & PIYE BLUFF

Tt La
3 Mllel 5Ol
A Frost Pres
LOUISIANA SOUTHERN
1,

a
15 Mlles, 2 Oil, l Diesel-Elec
1D W Mchow V Pres & Gen Mgr
LOUISVILLE & \'AbllVlLLb s w
13'way Loulsville 1| Ky
4,745 Miles, Y08 Steam, .53 Diesel-Elec
W Stilwell
P P Ash  Asst 8l En
Af R Willlams Sz \uper Truin Control
Stgnal Supersisors:
R C Austin  Knoxville Tenn
W (' Baker Moblle Ala
1I° Hacker Latonla Ky
G Il llume Ravenna Ky
' E Pinkston Nashville ienn
W G Ray Birmingham Ala
15 Il Weish Loulsviiie Ky
1S Willlams  Evansville Ind .
LOUISVILLE NEW ALBANY & CORY-
DON  Corydon Ind
S Mlles, & Steatn
W F Buchanan _V Pres & Gen Mgr
LOWVILL, l- & BEAVER RIVER Low-
NY

ville
11 Mlles, 2 Steamn
¥ 1. Farker Pres

2 Diesel
Homer

Shreve-

New Orleans

-— M -

McCLOUD RIVER R R McCloud Callt

61 Mlles, 14 Steam

P N Myers V Pres & Gen Mgr
MCKEESPORT CONN Grant

Pittsburgh Pa

15 \Xllm 10 Steam

J'M Morris  Pres & Gen Mgr
M \(.()\' l)UHI IN & SAVANNAH Ma-

92 \llles. K Steam
F C Cheney V Prea
MAG‘\IA ARIL()\'\

Yo
28 ‘\lllei 2 Oll
12 G Dentzer Vv Pres & Gen Mgr
MAINE (h\TRAL 222-242 St John

Portland Me
964 \lllu 130 Steam, 5 Diesel
J P Muller SIg Eng Boston Mass
F E Avery B8Ig Super Portland Me
J M Seott Asst Slz Super Bangor Me
S Sullivan  Asst 8ig Super  Portland Me
MANCHESTER & ONEIDA Manches-

ter [a
9 Miles, 2 Steam
' J 1lockaday V Pres
MANISTEE & NORTHEASTERN
Manistee Mich
112 Mlles, 6 Steam
J G Johnson Gen Mgr
MANISTIQUE & LAI\L
)eca ll

Iles 3
R J B ellamlth hu t of Tee
‘\l\\s'lT()U (&ll’ll\ 3 PEAK Colorado
olo
10 \mes. 4 ‘neam I Diesel-Flec, I Gas
J A Carruthers _V Pres & (Gen M;
MA\%FH-,LI) !(Y & TRANS Shreve-

3 \Illeﬂ z Ot
R G Dowell  Sup!
M \\UFAL I‘URI‘I(S RR
St Louls Mo
34 \l les, 8 Diesel-Llec
A E Wright Pres & Gen Mgr
MARCELLU@ & ()Tl.%(,o LAKE

h

Bldg

14 Wall St New

SUPERIOR

2297 8 Broad-
Mar-

res
M \RIAN\IA & BLOUNTSTOWN
Bloum.smwn Fla
29 Mliles, 3 Steam
O O Miller P’res & G
IMARKVI‘TTL l‘()\lAllAWK & WEST-
ERN Tomahawk Wis
24 Mtles, 3 Steam
J A Fremon Exec V Pres
MARION & EASTERN See Missourt

l\!ARillALL ELYSIAN  FIELDS &
SOUTHEASTERN 111 E Rusk St
Marshall Tex
2 Miles, 1 Gas
W K Furth V Pres & Gen Mg
MARYLAND & PENNA Mt Royul Sta
Baltimore
81 Mlles, 11 Steam
C Adler Jr _Slg Eng
MAS&e‘I (f‘ITY & CLEAR LAKE Mason
a

0 Miles 3 Elec
CEstri land Pres & Gen Mgr
MASSENA TERMINAL Massena N Y
2 Mlles, 3 Dlue
A J Hani V Pres
M ERIDIAN & BIGBEE RIVER Merid-

51 Mlles, 4 Steam
J C Floyd

62

MICHIGAN CENTRAL Michigan Cen-
tral Term Bldg Detroit Mich
Mueaoc & Equip included in N Y C Sys-

tem

C E Baxter Su t Tele

J J Corcoran 8Slg Eng Cleveland O

CD Cronk AsstSlg Eng Cleveland O
Stignal Supervisors:

H D Albright Jackson Mich

F M Brown St Thomas Ont

wood Il
231 S LaSalle St
[ \mes. 2 swu.m

M lDDLL FORK Ellamore W Va
13 Mllu 2 steam
H W Kelly Gen
M [DDLE’I‘OW; & UNIO\IVKLLE Mid-

L F Zieres
MIDLA\D CONTINENTAL James-

wn D
73 \!llm 2 Steam, 1 Dlesel-Elec
C W Cookrell  Gen Mgr
MIDLAND VALLEY Muskogee Okla
334 Miles, 13 Steam
E M Tanner Gen Sltp
MéLﬁTEAD R R LaGrange Ga

JH ugh V Pres
MINNEAPOLIS & ST LOUIS North-
western Bank Bldg Minneapolla

Minn
l.4(;9 Miles, 89 Steam, 11 Gas-Elec, 12

[l Weatherill Chiet Engineer
G 8 L Asst Ch Eng &Sul?t'l‘&‘!
M l\'\'ht\l’o IS ANOKA
RANGE Fridley Mion
5 Miles, 2 Elec

J B Hawley
MIN \'EAPOLIS LASTFR\'
s M mn
4 \lll t.eam
ll Supt

PJT
MI\‘NEAPOLIS NORTHFIELD &
SO(lIg‘l\{ll;:RN Pence Bldg Minne-
D]
77 Mllm 10 Steam, 1 Dlesel Elee
JR rnnley Gen M
MINNEAPOLIS ST PAUL & SAULT
STE MARIE Soo Line Bldg Mtin-
neapoltis Minn
4,277 Miles, 275 Steam, 9 Diesel-Elec
J'R Smith  Supt Tele & Sig
BF Mc(‘-ownn Asst 8ig F
R _C Wickizer Supt Tele (Chicago

Dist g
MINN TA DAKOTA & WESTERN
International Falls Minn
22 Miles, 6 Steam
W La Du  Gen Supt
MINNESOTA TRANSFER 2071 Unlv
Ave St Paul Minn

Minneapo-

M
115 ‘\ﬂlu. 1 Dlesel
JR en Mgr
Mlsigggll’l’i & ALABA\! A Leakesville
17 \!llm. 2 Ste

O T Brown ?(
MISSIS‘!IPPI & U\IA
391 Memphis Tenn
team

21 Miles, 1
RY Du%uesn V Pres & Gen Mgr
MISi{i‘!SI Pl ENTRAL Hattlesburg

38
158 Mlles, 12 Steam
L F. Faulkner V Pres & Gen Mgr
MlSi}%IPPI EXPORT Moss Point

44 Mlles 2 Diesel-Elec
W M Dutton V Pres & Gen Mgr
MISSNSIPPKAN R R Amory Mtiss
24 Miles, 2 Stea:
£ L Puckett  Pres & M
MISSOURI & ARKANSAB

Ark
365 \ﬂlu 20 Steam

JRT
MlS\iOURI & lLLl‘?Olq BRIDGE &
BE T Alton 1
3 Miles, 1 Steam

A A anlperl Supt
MISSOURI-ILLINOIS See AMfo Pac R R
MKSS()URI KANSAS-TEXAS Dallas

Tex
1, 798 ‘\ﬂla 29 Steam, 244 Oll
J'A Johnsoo ~ Supt Tele & Sig Denlson

Tex
R R Wood Sr 8ig Buper Denlson Tex
R O ngpnson Tele & 8ig Super Deni-

R A Mosse Sig Super Parsons Kan
W G Pluto Sig Super Parsons Kan
M ISS()URI KANSAS-TEXAS R R (,O of
TEXAS Katy Bldg
1,350 Mlles, 37 Ofl
J'A Johunson ~ Supt Tele & Sig Denison

ex

R R Wood Sr Sig Super Denlson Tex

W H Dutton 8ig Super Denison Tex

RO Jg[!mson Tele & Sig Super Deni-
n

(23
Guarrison Sig Super Waco Tex

MISSOURI PACIFIC LINES Oﬂldals
mileage below. Comprising:

Donlphm Kensett & Searcy

Gulf Coust Lines

wemutlonal-Great Northern

Marion & Euaster

issouri- [Lunola

1ssourl Pacific

ohez & Loulslana Ry Tranafer Co

ches & Southern

St .loaeﬁh Belt
Unlon y Co (

Uni hul Ry g& Jos;xh Mo)
MISSOURI PACIFIC o Pac Bldg

t Lo
7.139 Milles, 714 Steam, 213 Oll, 47 Die-
sel-Elec

& Com
ALLI-,Y Box

Harrison

N

O

A T Hunot g
‘W Rogers Supt Tele
R end Asst Supt Tele

W Chunn Telo Eng
O J Surron Super Tele Kansas City

Mo
P _F McKinney Super Tele Little
Rock Ark i pe

C Brady Coﬂeyvule Kan

J W Chowning Monroo La
EM Kempe Dy

N 8 Lynch Kansas Clt{l\m

R Ragland De Soto

Spillman  Nevada Mo

O R Thurston Lmle

L D Woods (Asst!

-]

Rock Ark
l(:m.le Rock Ark

J [I: ul}:arcum “houteau Ave St
MOBILE & GULF Fayette Ala
34 Miles, 2 Stea:

R E Loper G
MODESTO (‘MI}S\!PIRE TRACTION
esto

M odest
5 Mlles, 4 Oll
G K V Pres & Mgr
MONONGAIIELA CONNECTING 311
Ross St Pittsburgh Pa
38 Miles, 22 Steamn, 10 Diesel
W E Cox Pres & Supt
MONONGAHELA RY CO Peno Sta
Pittsburgh Pa
171 Mlles. 53 Steam

CMY V Pres
MONUNGAKELA WEST PENN PUB-
LIC 8 VlCL Parkersburg W Va
97 Mllm.

JR Robmson supt Malnt of Way
MONSON R R Monson Me
8 Miles, 2 Gas, 2 Steam
P A Jackson Supt
MONTANA WESTERN Valier Mont
20 Miles, 1 Steam
C E Atwood Supt of Sig & Comm

MONTOUR R R Coraopolis Pa
51 Mlles, 22 Steam
W H Hamilton Gen Supt
MONTPELIER & WELLS RIVER

HL Pres
MOORE CENTRAL
10 Miles, 1 Steam, 2

A Ross
MOREHEAD & NORTH FORK Clear-
fleld K,

4 Miles, 2 Steam
M C Crosley Pres & Gen Mg
MORR}S’I‘OWV & LRIE Whlppnny

N
Il Mlles 3 Steam

M Jensen V Pres
MOSCOW CA‘Vll)E\' & SAN AUGUS-
TINE Camden Tex
7 Mllm 2 0l
8 F Adams__ Gen Sup
MOSHASSUCK VALLLY SaylesvilleR I
5 Mlles 2 Steam
D C Paton Gen Supt
MOU\IT HOOD llood River Ore
2 Miles, 1 Steam
L Kostol G en Su|
MUNCIE & WES ER\I
St Muncie 1nd
5 Mlles. 1 Gas, 1 Gas-Elec
uskopf Supt
MURFREES ORO — NASHVILLE
Murfreesboro Ark
15 Miles, 1 Steam, 1 Oll
J L Ledbetter

Asheboro N C
Gas

1410 E I2th

—N—
NAC()Gl)ocm:s & SOUTHEASTERN

oches
42 Mllm. 1 ()ll

H W Whited V Pres & Gen Mgr
VACO ZARI R R El Paso Texas

7 Miles, 1 Oll

H S Falrbank V Pres
NARRAGANSETT PIER Peace DaleR [

8 Mlles 2 Gas

Sec
NASHVIL LE CHATTANOOGA & 8T
LOUIS 930 B’dway Nashville 3 Tenn

1,072 MI es, 205 Steam, 16 Diesel-Elec

E W Anderson  Sig & Tele Enz

LW ()llphant Super 8ig Const

C R Stuart Super Tele Malnt & Constr
NATCHEZ & SOUTHERN Natchez
Miss See M. R

3 Miles, 1 Stearn

\IATCFII:;.“Z URANIA & RUSTON Ur-
7 Mllu 1 Oll
QT Hardtn Pres & Gen

NELSON & A LBEMARLL Bchuyler Va

14 Mlles, 2 Btea|
C C Rothwell Pres & Gen Mgr

V
NEVADA COPPER BELT
Nevada
29 Miles, 2 O
G Ellf Supt
NEVAa::l)A NORTHERN East Ely Ne-

vada
185 Mllu. 7 Steam
HJ Beem Gen Mgr
NEWBURGH & 80 SHORF‘ 8143 B'd-
way Cleveland 5 Ohl:
5 Miles, 9 Steam, 12 Dlesel
F A Gideon Pres & Gen Mgr
NEW HAVEN & DUNBAR Dunbar Pa
[ Mlles. 1 B'.enm

P Fri
NEW& IBE]{IA & NORTHERN Ses Gulf
NEW JERSEY INDIANA & ILLINOIS
]H h Bld.g 8t Louls Mo
12 P'u. Steam

N toalrn  Prea
NEW ORLEANB & LOWER COAST

ason

G C Stol V Pres

NEW ORLEANB & NORTHEASTERN
See Southern ldt

NEW ORLEANB PUB IC BELT Mu-
nicipal Bl

NP ldg New Orleans La
128 Mlles, 3 lo Oll, 6 Diesei-Efec
EJ Garland Gen'M

NEW ORLEANS‘TERMINAL See

hern Ry Sy.
NEW ORLEANS TE\AB & MEX]CO
e Gulf Coast Lines
NEW YOR CENTRAL SYSTEM 466
Lexington Av New York N Y
10,534 Miles, 3,190 Steam, [44 Flec, 168
Diesei-Elec
w A Jackson Gen Supt Tele & Telo
JL L5 Nlm Asst to Gen Supt Tele &
elo

Comprising:
Boston & Albany
hicago Junction
hicago River & Indiana
eve Cin Chic & St Louls
Indlana Harbor Belt
Michigan Central
\ev;’ York Central

Peol
"msb h & Lake Erle
h

ast
L EBaxter Suptof Tele Detroit Mich
RB Elaworlh Sig Eng Albany NY
West of Buff
CE antel' B Jn of Tele Detroit Mich
J J Corcoran Sig Enx Clevelaod O
NEW YORK CHICAGO & S,;ll‘ LOUIS

QQQ

(Asst) * Ft Wayne Ind
E Schroff Ft Wayne Ind
H M Van Oslnskl Conneaut Ohtlo
(Asst) Conneaut Ohlo
e E) & Western District
©] \!ettlln Slig Super l-‘mnk(orl Ind
HV Glene Asst Slg Super Frank-

K;O
zx

tort
Clover Lea,fD
C Mettlen Slz uper l-‘nnkton Ind
Hr Glléewe Asst 8ig Super Frank-

rt I
NEW YORK DOCK 44 Whitehall St
New York N Y
11 Miles, 2 Steam, 4 Ofl
G E Fenniman V Pres
NEW YORK NEW IIAVEN & HART-
FORD New Haven Conn
1,838 Miles, 496 Steam, 127 Elec, 113
Diesel, 1 Gas

O F Dorward  New Haven Conn
O Frantzen Boston Mass
A Schwarta Hmlord (,onn
E W Shea Providence R I
NEW YORK OVTARIO & WESTERN
330 W 42nd St New York N Y
546 Miles, 87 Steam, 5 Diese!
i H Shannon Sig Eng Middietown

NY
NEW YORK SUSQUEHANNA & WEST-
ERN North Hawthorne N J
129 Mlles, 20 Steam, 2 Gas, 8 Dilesel
W I ‘\chlplne Sig Super
NEZPERCE & IDAHO Nezperce Idaho
14 Mllm. 1 Stea
& Gen Mgr

H C Ken Pres
\HAgAyRA JU\C’I‘IO\I \humra Falls
33 Mllm. 9 Elec
P Redding Gen Sup!
VICfs(EL PLATE ROAD See N Y C
ystem
NORFOLK & PORTSMOUTH BELT
LINE Norfolk Va
27 Miles, 23 Steam
H L White
NORFOL & ESTE N

IH Eut Asst g
NORFOLK SOUTHERN Norfolk Va
(7:2%%“' ! gw;erm'rel Telo & Sig
an 8y e Telo
NOI}TH[.}E(PTOA & BATH Northamp-

on Pu

12 Miles, 3 Ofl-Elec

A F Tldal Pres
NOI‘STHEABT OKLAHOMA Miami

a

8 Diesel
ey Supt Sig & Comm
NORTHER?} OHIO See Akron Canton

& Y
NORTHEI;.‘gI PACIFIC 8t Paul Mlnn
10,249 Mlles, 834 Steam, 43 D

SW Law Sig g
FL Bv.elnbrigm ) Tele
R B Johnson Asst t Tele
arding Asst Supt Tele Seattie
aal
Superoisors of Stgnals:
F L Eukes Livingston Mont
1° C Hanson Tacoma Wash
A G Nutting 8t Paul Minn
NORTHERN PACIFIC TERMINAL CO
QF OREGON Unlon Sta Portland
Oregon
79 Miles, 14 Oll 8 Diesel
H D Mudgett Mgr
NORTHLA & GULF Hodge La
25 \'ﬂlm. 3on
J8 Pres
NORTHWESTERN PACIFIC 65 Mar-
ket St San Francisco Callt
331 Mlles, 36 Ol
D J Russell Pres
NORWOOD & ST LAWRENCE Nor-
folk N Y
18 Miles, 3 Steam
E W Beaty Supt
-_—0 -

OAKLAND TERMINAL 114 Sansome
8t San Francisco Callt

14 Mlles, 2 Elec, 2 Diesel
G E Dufty V Pres

FM anp TELEvVISION



R
introducing the

NEW TRIPLETT LINE
of

NSTRUMENTS

HERMETICALLY SEALED |

All the features of standard instru-
ments retained. Withstand submer-
sion tests at 30 feet. Comply with
thermal shock, pressure and vibra-
tion tests. Resistant to corrosion.
Conform to S.C. No. 71-3159 and
A.W.S. C-39.2-1944 specifications.
114", 234" and 34" metal cases with
" thick walls, in standard ranges.
D.C. moving coil, A.C. moving iron
and thermocouple types. Write
for circular.

CASE [)_GAskeT
T, /

10

-l

i SCREW-ON 4
FLANGE EETey ot

TERMINAL

2

Zott, Tripledl ™

ELECTRICAL INSTRUMENT CO. srurrron, onro

Make Plans Now . . .
for the coming PLASTIC ERA

“\ > Only 213" of space needed

HT: © 0z. » CAPACITY: 15 C.F. M. at
WS%(CJSO R.P.M. ¢« CONSTRUCTION: Housing
of high impact phenolic plastic e Wheel
is turbo-type cadmium-plated steel
SIZE: 25/8" long x 61/¢4”" wide
x 21/9” high
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sz';wlt ROGAN

Here at Rogan, seasoned engineers are ready and willing to

assist you in determining your post-war plastic requirements. The bl - ed. No. 1%, i ¢ bl del
. . . 3 ower 1llustrat y 0. , 1§ one of many ower models manu-
Wh.e?her your peacetime products are to include electronic facwred by the L-R Manufacturing Company. These blowers were de-
equipment, electrical appliances, stoves or what have you, the signed :io ou;pﬁrform frmmy l“}f" agii heavier ty eshfqrme;ly in use..Wherg
P f . . . size and weight are factors these blowers with their minimum size an
Rogan Orgomzoh?n will gI‘odly provide cost-free advice on maximum output are the answer to cooling problems presented by elec-
all phases of plastic production. tronic tubes or circuit components in such applications as air-borne
communication units as well as in many industrial applications.

Send Us Your Specifications Today !
L-R MANUFACTURING COMPANY o DIVISION OF

ROGAN BROTHERS — | | | |- ) e

Compression Molders and Branders of Plastics

21 NEW LITCHFIELD STREET
2000 So. Michigan Avenue CHICAGO, ILLINOIS TORRINGTON, CONNECTICUT
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U. S. RAILROADS, Continued

OHIO & MORENCI Springfield Ohio
22 Miles. 4 Steam .

G Bell V Pres & Gen Mar
OHIO CENTRAL LINES Ses New York

Central
OHIO PUBLIC SBERVICE Hanna Bldg
Cleveland Ohlo
45 Miles, 2 Elec
T O Kennedy Pres & Gen Mgr
OKLAHOMA R R 1206 Exch Ave
Oklahoms City
142 Miles, 7 Elec

N Barrett V Pres
OKI:(I)IleLGEE NORTHERN Okmulgee
a
10 Miles, 2 Oil
D H Corbell Mgr
OMAHA LINCOLN & BEATRICE 895

North St Llncoln Nebruska
10 Miles, 2 Elec
hm V Pres

M Fres & Gen
orgg;lnﬁx & WESTERN I'Ihmdnle m
€8, 3

8 Heal z Pres
ORACNGEL‘ NO WESTERN Ses Gulf
OREGON & NORTHWESTERN Hines

N
OREGON PACIFIC & EASTEBN
Co t.age Grove Oregon
20 Mlles, team

OF FPrRONK K
OREGO TRUNK R R See SP & S
SA R Slﬁxmou‘ P, 0. Webb City

8T
NORTH-WESTERN

10 Mllw 101
W L McDermott Supt

.

PACIFIC COAST R R 811 8 Alaska
Way Seattle Wash
43 Miles, 5 Steam
G W Mertens Pres & Gen Mgr
PACIFIC ELECTRIC 208 E 6th St
Los Angeles Callf
891 Mlles. 50 Flec, 6 ofl
E C Johnson Chlef Engineer
PANAMARR n.lboa Heights, C Z
98‘Mlles 25 Steam. 5 Diesel

Diesel
A C'Garilngton Electrlcal Engineer
PANHANDLE & SANTA FE Amarillo

Tex
1888 Miles See AT&SFRR
PARIS & MT PLEABANT Psrls Texas
Miles 4 OII

R'W Wort Pres
PATAPSCO & BACK RIVERS Bethle-

hem Pa
a7 Mllu. 15 Steum, 19 Diesel
P A Trageser
PBALI}(I& RIVER VALLEY Plcayune

5 Miles, 2 Steam
A H Knight Sec
PECO%FAL%FYSOUTHERN
See r&?n
PENINSULA TERMINAL Unlon Stock

Yds Norlh Portlan
4 Mliles, 2

HH Burdlck Pres
PENNSYLKAJNIA & ATLANTIC New
t

ohnson Gen Mgr
PEN}%SYLVANIA R R Broad 8t Sta
9, 76#4“& 4,369 Steam, 286 Elec, 3 Gas,
18 Diesel

W R Trlem Gen Supt Tele
WM Poet Slz Eng

New
498 MI (Inc L TRR)
J S Gens elmer SUD'- Tele & Sig
oisors of T
S F hmidhamer Jerae Clty NJ
H White Jamalca
Re Penn Sta 30th St Phils

Mlies

irsch Supt Tele & g

Patterson Asst Supt Tele & Sig

upereisors of Tele & S

Adams Willlamsport Pa
Harrisb Pa
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Crawford Supt Tele & Sig
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ele & S

urg  Pa
Black Cleveln.nd io
artah  Pittsburg!
Henricks Pln.shurzh Pa
Jones_ Erle
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‘»I:"‘oodsoom‘e and F‘M lgl Mich

n TAD
SYLVANIA-READING SEA-
RE LINES Cumden N J

Steam
Idhuner Super Tele & Sig
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PEORIA & I',ASTIuR\'
202 Miles, 42

W Davis

PEOlll%IA & PEKIN UNION Springfield
158 Milles. 16 Steam, 4 Diesel
W C Hurst

PERE MARQUETTE Gen Motors Bldg
ﬁug Mues. 286 Steam, 6 Dlesel »

Indianapolis Ind

PETALUMA & SANTA ROSA Peta-
tums Calif
38 Miles, & Elec
W B Isaacs Eng Malnt of Way
PHILADELPHIA BEI‘HLEHFM & NEW
ENGLAND Bethleham Pa
55 Miles, 8 St;:g 20 Diesel

D M Petty
PICKENS R R Pickens 8 C
Miles, 1 Steam
T J Mltchell Gen M
PIL]&M‘ONT & NORTHERN Charlotte

130 Mliles, 17 Elec
F H Cothran Pres

PIONEER & FAYETTE Ploneer O
5 Miles l wam

E 8 Sny
PI’I‘TSBURGH & LAKEhE;lIE P&LE

Pa
PITTSBURGH & OHIO VALLEY Nev-
ille Island Pa

8 Miles, 4 Steam
C G Glbson Supt
PI'I‘T?BI{’RG & SHAWMUT Kittan-
n a
97 Mues. 16 Steam
‘W W Morrison V Pres & G
PITTSBURGH WEST VIRGI\IIA
bash Bltg Pittsburgh Pa
136 )ls‘llles, 33

V P
PI'I"I‘RBURGH LI‘IARTIERS & YOU-
GHIOGHENY Penn Station Plt'.s-

N W McC: Engineer
PI;[;I‘SBURG l(-‘?]OUNTY MoAlester Okla
e
M M 8chene VM&GGD%
PITTSBURGH LISBON & W ERN
Youngstown O
gémlu, 5 Steam

Harper Pres
PITTSBURG SHAWMUT & NORTHERN

J
PORT HURO: & DEI‘ROIT Port
Huron Mich
20 Miles, 4 S8team
W N Boyd Supt
PORTLAND LECTRIC POWER
1605 8 E Water Av Portland Ore

37 Mllm, 12 Elec
Rossiter Chlef Engineer
PORgLA'gD TERMINAL Seée Matine
ent.
PRA'I‘TSBURGH R R Prattsburgh N Y
12 Miles, 2 Steam
8 B Merritt Mgr
PREES‘O'I‘T & NO WESTERN Prescott
33 Miles, 3 Oll
J R Bemis
PRESTON RR Crellin Md
12 Miles, 3 S tea

Kendall V Pres
PULLMAN R R 707 E 111th 8t Chicago

31 Miles, 3 Steam, 2 Diesel
N Kunst Pres

—Q-—

QUANAH ACME & PACIFIC Quanah
'ex
122 Mllu. 7 ol
A F Som V Pres & Gen Mgr
QUINCY R R Qulncy Calit
6 Miles, 2 Ofl
LH Thayer Supt

RAHWAY VALLEY Kenllworth N J
15 Miles, 3 Steam
G A Ciark Presiden
RAPID CITY BLACK HILLS & WEST-
ERN Rapld City SD
34 Mues. 5 u

AN RVER:
RA.RI'I; N RIVER R R South Amboy

N
21 Miles, 8 Steam
H Filskov Mgr
READER R R Shreveport La
23 Miles, 3 Oll
ough Gen Mgr

B McC
READING COMPANY Reading Term
Phila 7 Pa

1,374 Miles, 631 Steam, 58 Diesel
8 R Negley Elec Eng

J W Moorehouse Elac Super

E W Relch 8! E.nx Reading Pa

llllps hlmdelghla Pa
L Reading Pa
B SI clalr Tamaqua Pa
D RIVER & GULF Long Leaf La

62 Miles, 2 Oll
H A White ~Gen Mgr

RICHMOND FREDERICKSBURG &
POTOMAC Fredericksburg Va
IIBKMlles, 110 S

W nders
RIO’lgRANDE & EA(JLE 'ASS Laredo

21 Miles, 2 Steam, 1 Gas
R W Davis Pres
RIOD?RANDE CITY Ses Gulf Coast
nes
RIOCGOIRANDE SOUTHERN Durango

]
174 Mllu. 6 Steam
C W Graeblng Gen Mgr
RIVER TERMINAL R R 3100 E 45th
St Cleveland Ohilo
22 Mlles, 16 Ateam, 3 Diesel
B Lad} Gen Mg!

ey
ROARING FORK Blu:kwood Va
15 Mlies, 1 Stea:
LJ Huenle Chlet Engineer
ROCKDALE SANDOW & SOUTHERN

H Neweil Gen
ISLAND SOUTHERN

58 Miles, 2 Steam, 2 Elec
L. R Walsh Pres

ROCK PORT LANGDON & NORTH-
ERN Rock Port

pt 8ig & Comm
ROSCOE[_ SNYDER & PACIFIC Ros-
‘ex

coe
32 Mlles, 3 Ol
RO Dobblns Vice President

408 Miles,
AT Danver Ch Eng
W O Cutler Supt Tele

Rock

- —

ST JOHNSBURY & LAKE CHAM-
PLAIN Monlpellerv

96 Miles,
A G Ei ery Gen Sup!
ST JOH\IS RIVER TERMINAL See
Sout R

R
ST JOSEPH BELT Mo Pac Bldg St
Joseph Mo
19 Miles, 1 Diese!
R _E Hastings Prm & Gen Mgr
ST JOSEPH TERMINAL 803 8 4th 8t
8¢ Joseph Mo
11 Mlles. 3 smm

C H Drew

ST LOUIS & BEELEVILLE ELECTRIC
7 Collinsville Ave E 8t Louls
18 Miles, 2 Elec

T G D; lyer Supt
ST LOUIS & O'FALLON 2927 S B'dway
8t Louls Mo
19 Miles 2 Sf

team
H Marsh Chief Engineer
ST LSOURISR& OHIO RIVER Seée Alton &

16 M 1 8

ST5L0}JISI&STROY Hanntbal Mo
C Ramsay Pres & Gen Mgr

8T LOUIS BROWNSVILLE & MEXICO
See Gulf Coast Lines

8T ﬁgglgquN FRANCISCO Spring-

0
4,647 Miles, 601 Steam, 28 Diesel
R W Troth 8

G F Linster BSupt Tele
C I Garton 8u vr CTC
{gnal Su,
H Barron
J Drummon
P W Davis Jnsper
F C Harper Cape Girardeau Mo
E Shannon Memphis Tenn
ST LOUIS SAN FRANCISCO & TEXAS
Sprlngtleld Mo
154 Miles
F G Jonah Chlef Engineer
ST LOUIS SOUTHWESTERN Cotton
Belt Bldg St Louls M
}3617 Mlles 32 Swl.m 178 Ofl, 7 Dlesel

omprising
St Louls South Western
8t Louls South Western R R Co of Texas
F W Green Ch Oper Oft
R M Stone Supt Tele Tyler Texas
ST MARYS R R 8t Marys Ga
% Miles, 4 Steam

T Scarboro n_Agt
SABINE & NECHES VALLEY Dewey-
ville Tex
14 Miles, 1 Ofl
C C Cary Pres
SACRAMENTO NORTHERN
to 14 Calit

men!
275 Miles, 23 Elec
C B Bruner Chief Engineer
SALT LAKE & UTAH 107 W South
Temple Salt Lake City Utah
76 Miles, 6 Elec
W J Browne Supt of 8ig & Comm
SALT LAKE GARFIELD & WESTERN
22 E lst So Balt Lake City Utah
17 Mlles, 6 Elec

H A Snow _Pres
SAN ANTONIO UVALDE & GULF Ses
GuléCoau Lines
SAN BENITO & RIO GRANDE VAL-
See Gulf Coast

f Coasi nes
SAN DIEGO & ARIZONA EASTERN
65 Market San Francisco Callf
140 Mlles, 13 Ol
A W Flanagan Supt.
SAND SPRINGS Sand snrlnzs Okla
32 Miles, 4 Elec
C O Nuckolls Chiet Ei
8AN FRA(NE(E SCO & N.
7 Muw. 3 Dieset
C E Brown V Pres & Gen M
SAN LUIS VALLEY SOUTHERN
Denver Nut Bldg Denver 2 Colo
32 Miles, 2 Steam
G T Kearns V Pres & Mgr

g:)rl neld Mo
prlngﬂeld Mo
ia

Sacra~

PA VAL LEY

SANTA FE SYSTEM Comprising.
A&clltllmnn To ka & Santa Fe

Panhandle & Smtn Feo
SANTA MARIA VALLEY 6’18] Tofly-
wood Blvd Los Angeles Cal
.ISMM"H 8 Ol

vis  Mgr
SAV(A}VVAH & ATLANTA Savannah
145 Miles, 13 Steam
Mac Engin

JA Leod Chief eer
SEABOARD AIR LINE Norfolk Va

4, 179 Miles 552 Steam, 1 Oil, 44 Dlesel

R DePriest Supt Tele & Sig

BIERRA R R Jamestown Callf

57 Mlles, 5 OII

JETné/or V Pres & Gen Mgr
SIOUX CITY TERMINAL Sioux City

Ia
18 Miles, 4 Steam
JT gxnn %lépt
SKAN! TEL SHORT LINE Skan-

A
SMOTKY MOUNTAII}rR R Sevlerville

30 Mlies, 3 Steam
Kesselman Gen Magr
S8OUTH BROOKLYN R R 250 Hudson
New York N Y
9 Miles, 3 Elec
PE Ptelter Gen 8uj
SoU

t
TH UFFSALO ggthlehe:n Pa

7 Miles, 21 Steam, 1
M Dalziel Chiet Engineer
SOUT!-}IGEO

GIA Quitman Ga
m

Rountree Pres
SOUTH OMAHA TERMINAL S0 Oma-
ha Neb
32 Miles, 8 Steam
JV Erixon _Chiet Engineer
SOUTH SHORE R R Jackson La
8 Mlles, 3 Steam
H H Holloway Gen Supt
McPherson

SOUTHERN R R SYSTE.
S%W hington I C
7. 7él Mlles.‘ 1,558 Steam, 54 Diesel

Alablma G':’South
Cmcilnnm,l Burnslde & Cumberiand

R
Cincinnati New Orleans & Tem Paclfic
rgla Soutbern & Flori
Harriman & North aast.ern
New Orleans & Northeastern
New Orleans Termlnal
St Johns River Termlnal
Southern R R
L C Walters Asst to V Pres (Sig)
P E 8Snead Asst Eng 8ig & Elec
J A Jones Aset to V Pres (Comm)
D Ruff Tele & Telo
A H Johnson B8upt T & T Cinelnnat! O
J R 8mith SBupt T & T Charlotte N C
Ea.stem Llna Charlotte N C

2N Chaties 8ig & Elec Supt
J R Smith Supt Tele & Telo
JwW Sut.t%n Super Tele & Telo

Stgnal
W O Junker Spmanb% |fC
P S8chart G
RT greenvi{}e 8C

range
W H Wiley Columbia 8 C
Cmml Lines Knoxville Tenn

2,463 Miles
T N Charles Sig & Elec Supt Char-

-
2

S e g 1l
Stgnal Su; ors
J W Cole acon

2>
£%
Yy
o
2
H
3
5
2
o

lm Clncinnati O

Hudson Slg & Elec Supt
Johnson 8upt Tele & Telo
Keller 8u Tele & Telo
nal Superoisors:
Behnke Sldell La
rgck Lexi

5

{20 Z>IPFUATFQQ
wwom>§

Zow

h!

ngton
rown Birmi
Goodson T 0088
Linn Birmingham Ala
aller Chntunoon Tenn

Wilson Somerset Ky
SOUTHERN INDIANA R R 8peed Ind
5 Miles, 3
G L Harm lg
SOUTHERN IOWA R Centervlille Ia
2 Miles, 3 Elec
E L 8hutts Pres
SOUTHERN NEW YORK 225 B'dway
New York City
3 Mlies, 3 Steam

M P Groes V Pres & Gen Mgr
SOUTHERN PACIFIC SYSTEM Com-
ng.
E'oﬁt.hern Pacific Co — Pacific Lines
'El-outhem pmnc ines Tex & La

lexas & New Orleans R
SOUTHERN PACIFIC CO Paclfic

Lines
65Msrket 8t _San Franclsoo Callf
8.263 Miles, 39 Steam, 1,486 Oil, 104

Diesel
R va I;I‘loore SlstlI'g Tel
anagan 8u e
W R Birt Aset S8upt Tele
E DeMattel Aast. Supt
Steere Asst Sup!

bl
al“

Tele
ele

clsco Callt

(o]

Gordon West Oakland Calif
Hickey _Dunsmuir Calif
Jenne El Paso Tex

gesron®ey W
Hr<p>t'>t
leked
3
2
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folo™

D C Miller en Utah
SOUTHERN PACIFIC LINES (Texas
ﬁ New OTrl R) 80 Pao Bldg
4,340 Mues, 467 Oll, 8 Diesel, 1 Gas
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ENGINEERS! DRAFTSMEN! ACCOUNTANTS! STUDENTS!

ﬂmerlcan ORDER TODAY!,Snsitonal Wew
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‘e ‘4nlll‘ll'

ELECTRIC
SOLDERING
IRONS

are sturdily built for
the hard usage of in-
dustrial  service. Have
plug type tips and are
constructed on the unit
 system with each vital
part, such as heating
element, easily remov- i
able and replaceable. ’ : CASE?
In 5 sizes, from 50
watts to 550 watts.

only fron

Groncor JobDET

in your 07€8 ’

TEMPERATURE
REGULATING
STAND

Thisis o thermostatically con-

trolled device for the reg-

Note fhese 8 New Features!

In odcmqn ta having ALL the
values of the ordinory slide-rule,
the new Multi-Slice Rule has:

vlotion of the temperature
of an electric soldering iron.
When placed on and con-
nected to this stand, iron

may be maintained at work- 1 Four-place LOGARITHM TABLE

4 Cleor, legible print . .. Tough, duroble 2 SIGNS and LIMITS of VALUE as-
adjustment on bottom of . €9 P 8 sumed by trigonometric functions

for long wear. .. Size 10’ x 4*". . . Fits
S8R & 1o% &8 e i b? 4 i i v 3 Table of NATURAR TRIGONO-
-ring binder ... In case...Full instructions METRIC FUNCTIONS

...TRANSPARENT PLASTIC INDICATOR.... T e it ron.

ing temperature or through

temperatures.

STANCOR now oifers the entire elec- 13 s

tronic industry the new Mult:-Slide Rule. 5 Toble of SLIDE-RULE SETTINGS
First developed for our owa use, it is 6 Table of GENERAL EQUATIONS
tcday made available to all ... Greatly

simplifies calculation of unlimited range 7 Long list of common MATHEMAT-
of problems...A genuine professional ICAL FORMULAE

rule—not a toy. This rule is obtainable
ONLY THROUGH STANCOR JOBBERS. PLEASE
DO NOT ORDER DIRECT. See your local

8 DiCIMAL equivalents of a fraction

directory for the name of the Stancor
For further information or jobber in your city or, write for Lis name. 0 FF E R E 0 A s A s E R V I C E
descriptive litercture, write Price of Stancor Multi-Slide Rule: One 'I' 0 TH E 'I' R A 0 E B Y
Collar!—America’s biggest s.ide-ruie bar-

A'::K'TCE?!N cgﬁ&'}ﬁ“ fu;]a ey, cur vl
DETROIT 2, MICH., U.S5.A. W"ORDER FROM YOUR JOBBER

Jure 1945 — formerly FM Rapro-ELEcTRONICS



U. s. RAII.ROADS, Continued

D1 Laf
W R 8Smylle ouston
N C Tubbs Ennis Tex
nio Tex
OF MEXICO
85 Market San Francisco Callf
1 331 \llles 88 Oll
arker Chlet Englneer Guadala-
arn Mexloo D F Mex
SPO. CQEUR D'ALENE & PA-
E  Ses Great Northern
SPOKANIL INTERNAT[ONAL Spo-~
kane 1 Wash
150 Mllu. 14 Steam
D R Walte Gen Supt
J H Williams Div nz
C J Binaitt  Asst SBupt
SPO ANE PORTLAND & SEATTLE

rtland Ore
962 Mllu 85 Oll, 16 Elec, 14 Diesel
Comprising.

Oregon l-‘leo

Oregon Trunk

en.e La

pt
SOUTHWESTERN
Sfrlmmeld m
wam
T Cahee
SPRINGF!ELD TERMINAL Spring-

fleld Vt
7 Miles, 3 Eleo
\iJ

G Bell Gen Mgr
SPR[NGFIELD TERMINAL (of 1llI-
5 &oll.s) rluxneld m

G wmm Chief Enxl
STATE BELT R R Foot of Battery 8t
San Fran

clsco
58 Miles, 7 S8team, 4 Dfesel
F G White

STATEN ISLAND RAPID TRANSIT
8t Geol INY
23 Milles, team
C A Salverson 8Super 8ig Tele & Telo
STEELTON & HIGHSPIRE Bethlehem

35 Mlles. 9 Stoam, 5 Diesel
H M Dalziel cnlet Engincer
RM & EASTERN

F E Odell
STRASBURG R R Strasburg Pa
4 Miles, 1 Gas
JE Homaher Pres
SUGAR LAND R R See Gulf Coast Lines
SUMPTER VALLEY RR Baker Oregon
62 Mlios, 3 Steam, 1 Dlud
JF Cng nter Asst
SUMPTER & CH OCTAW Belluny Alas
23 Mllu. 2 Steam
W T Haynle V Pres & Gen Mgr
SUNCOOK VALLEY Concord N H

Gen Mgr
UNSETRR Ses ATESFRR
SYLVANIA CENTRAL 8avannah Ga
15 M team
RR Cummlna Pres

—_T—

TALLULAH FALLS Cornella Ga
Ilea, 4
H L Brewer Ge Mgr
TAMA & TOLEDO Toledo Ta
4 Miles, 1 Diesel

D V Wella sugt
TAN}II"A S8OUTHERN Ses Atlantic Coast
TAVERES & GULF Taveres Fla
38 Miles, 1 Steam
W H Edmunds Supt

TENNESSEE & NORTH CAROL]INA
Ha?'mvllle N C
Steam

R E Crawford
TENNESSEE ALABAMA & GEORGIA
Chattanooga Tenn
95 Mlles, 7 Steam

W A Forrester Chlef Engineer
TENNLSSE E CENTRAL Amer Trust
Nuhvllle Tenn
, 2 Diesel

eer
da Tenn

RR On
mm

8 A nl.r Gen gls';o
TERMINALR R A C OF 8T LOUIS
Unlon Sta 8t Lo
367 Miles, 101 Stelm 48 Diesel
A P Hix 8ig Eng
E A Wunder Sum Tele & Telo
H Austlll Ch Eng
TERMINAL RAILWAY ALABAMA
STATE DOCKS Moblle Ala
41 Miles, 5 Steam
C U Irvine 8upt
TEXA8 & NEW ORLEANS Ses S P

Lines
TEXAMSI&TPACIFIC Tex & Pac Bldg

Dallas Tex

1,884 Mlies, 289 Oil
E P Weutherby Sig Eng
F W Burkholder 8ig Super Ft Worth

(o} C Whltehwd Sig Super Ft Worth
‘ex
G E Thompson 8ig Super Alexandria
a
TEX'IAS CITY TERMINAL Texas City
ex
42 Miles, 1 Gas, 4 Oll
H J Mikeska Pres & Gen Mgr
TEXAS ELECTRIC R R CO 218 Inter-
urban Bldg Dailas Tex
174 Miles
= G H Peters 8upt of Power

EXAS-MEXICAN R R Laredo Tex
161 Milles, 6 Oll, 6 Dierel

Mgr
TEXAS8 OKLAHOMA & EASTERN
Dierks Blduf Kansas City Mo
40 Mllu 1
J C Leeper V Pres & Ch Eng

TEXASR PACIFIC-MISSOURI PACIFIC
TERMINAL R R OF NEW OR-
LEANS 8t Louls Mo

94 Miles 2 Ofl, 2 Diesel
L W Baldwin Pres
TEXAS SB0OUTH-EARTERN Diboll Tex
21 Mlles, 1 OlI
H G Temple Pres & Gen Mgr
TIDE:VmATER SOUTHERN Modesto

C
65 Mlles, 2 O1I, 2 Elec
T K

R earney Bup!
T()LED() ANGOLA & WESTERN Lock
x 858 Toledo Ohlo

TOLEDQ PEORIA & WESTERN Pe-

oria Il
239 Mlles, 16 Steam
I H Hultgren Supt Tele & Sig
TOLEDO TERMINAL Toledo Ohfo
88 MK u. 20 Steam
A B Newell Pres & Gen
TON{I)PAH & GOLDFIELD Tonoplh

100 Miles, 6 Oll
E Peterson Super Tele

TOOELE VALLEY Tooele Utah
9 Milles, 4 SBteam

TE Tate Supt

TORONTO HAMILTON & BUFFALO
230 Pk Ave New York City

111 Mlles, 23 Steam, 1 Gas

J g ?tonehouse 8ig Super Hamilton
TREMONT & GULF Winnfleld Ls

97 Mlles, 1 Steam, 5 Oll

T W Fatherson Gen Supt
TRONA R R Trona Callf

31 Miles, 3011

3'L Roblnaon _Gen Mar
TUCKASFEGEE & S8OUTH EASTERN

La Porte N C

E
12 Mlies, 1 Steam
Mrs J Keys Pres & Gen
TUCSON CORNELIA & G[LA BEND

Bi en Mrg
TUSKEGEE R R Tuskegee Ala
6 Miles, 2 Steam

W Runnette Gen Mgr
TWIN BRANCH R R Mishawaka Ind
3 Mlles, 2 Flec

O K Fay _Gen Supt
TWI]C'Q'“CITY R R Chehalls Wash

es, ec
G M Brown Gen Mgr
LR | -
UNADILLA YALLEY New Berlln N Y
49 Mlles, 4 Steam
Schomo Bupt Motive Power
R Coffeyville Kan

ec
L L Francis Pres & Gen Mgr
UNION FREIGHT R R New Haven

Conn
2 Mllu 4 Steam
J F Doolan Pe
UNION PACIFIC R R 1416 Dodge
Omaha Neb
9, 782 Miles, 974 Steam, 534 O11, 73 Diesel
L D Dick Eng

M P Dualbey Cheyenne Wyo
E C Grant Denver Colo

G A Zlehlke Kansas City

South-Central Dm‘?‘a‘h Unlon Pnc Bldg

Purdy Pocct.dlo Idaho
A R White A% o8 C:
Northwestern Pittock Block
rtland Ol
2,212 Miles

RC Chulton Slz Super Albina Ore

C A Larson Prer Spoksne Wash
Ul;léON RR Eut ttab! l.lrrh Pa

E Bouol P K
UNION RAILROAD OF OREGON
PO Box 1202 Portland Ore

5 Mlles, 1
R Woodbury Pres & Gen
UNION RY Cco (Memphlﬂ)

Ten
104 Mlls, 13 Steam
w

E Lamb Pres
UNION TERMINAL Dallas Tex
16 Mll 1 O

M L Buckner V Pres &
UNION ’PERM[‘\IAL RY (St Joseph Mo)
Mo Pac Bldz 8t Josep
25 Mlles. '4 wun 1 DI |
Gen M|

UNITED RA LWAYS SeeSP&S
UPPER MERION & PLYMOUTH
Conshochocken Pa
12 Miles, 10 Steam, 3 Diesel

H P Ross
UTA}{ IDAI[O CENTRAL Ogden Utah
4 Miles, 7 Elec
W J Browne Supt Power & Equ!p
UTAH “Rllt Newhouse Bldg Salt Lake
y Utal
lll Mlies, 13 Steam
G S Anderson Pres & Gen Mgr
—_V —
VALLE‘Y & S(l){ LETZ Hoekins Ore

41 Miles,
F W A Cox Supt

Memphls

n Mllu. 3 O
J W Roo res & Gen Mgr
VERDETU \'hL& HMELTER Cluk-

dale Arlz
11 Miles, 2 O}l
J B Pullen V Pres

VICKSBURG SHREVEPORT & PA-
CIFIC See lllinots Central Systém
VIR(EINIA & CA%OLINA SOUTHERN

berton N
53 Mlles, 6 Steam
J Q Beckwith V Pres
VIR(P}I[NIA & TRUCKEE Carson City

ev
46 Mites, 53 Oll
G T 8Salsman Ch Eng
VIRGINIA BLUE RIDGE Massles
Mill Va
16 Miles, 4 Steam
TA v

VIRGINIAN R Princeton W Va
657 Miles, 106 smm 12 Diesel
A R Kyle Supt. Tele & Sig
E Lockhart Sum Tele & snﬁl
VISALIA ELECI‘R C
39 Miles Elec, 1G la
RT Jmhon Mgr

—W—
WABASH R R Decatur Il

od
R J Bellsmith Supt T
ACH EA

WACO_BEAUMONT TRINITY &
SABINE Trinity Tex
lll?ﬂlu. 1l

T be&en Gen Qg
WAI‘%A ALLAVALLEY WallaWalla
as]
24 Mlles, 5 Elec
J F. Martin Gen Mgr
WARE SHOALS Ware Shoals 8 C
5 Miles, 1 Steam

C P Gordon Sec
WARREN & OUACHITA VALLEY
W n Ark

arre!
16 Mlles 1 Steam
W R Warner Gen M
WARRENTON & SALINE RIVER
Warren Ark

16 Milles, 3 Steam
J C Anthonl V Pres & Gen Mgr
WARR (8] R Warreaton N C

J Rodgers Supt
WASHINGTON & OLD DOMINION
Arlington Va *
52 Mlles. 3 Dlesel

G C Baggett V Pres & Gen Mgr
WASH[N TON & VANDEMERE See

ntic t Line
WASHINGTO%:I IDAHO & MONTANA

4 II
W J Gamble Asst Gen M
WATFRLO() CEDAR FAL:
Waterloo Ia
128 Mllu. 10 Elec
T E Rust Chlef Enzl
WATERVILLE R
5 Miles, 1 Swam

& NORTH-

Watervﬂle Wash
W V Friel l&r
WEATHERFORD INERAL WELLS
rdN'I(‘)RTH WESTERN Weather-
31 Mllu. 1 OII

M Y Anderson V Pres
WESTERN ALLEGHEVY Kaylor Pa
21 Miles, 4 Steum
C L Correy  Gen Mgr
WES’}‘ERV MAXJlldYLAND RAILWAY
ag
720 Miles. 212 Steam, 18 Diesel
K L Muse ~ 8ig & Telo E Eng
ECB8hreve Eng »aum of Way Hlillen

J A Abbott Supt Hagerstown Md
J M Miller Supt Cumberland Md
WESTERN PACIFIC 526 Misslon St

San Francisco 5 Calif
1, 195 Mlla. 152 Oll, 25 Diesel-Elec, 17

w Du Signal Engineer
JP Qulzle Supt Tele
WEST PITTSTON-EXETER Scranton

A
3 MII&. 3 Stesm
CH Knight Supt & Ch Eng
WEST VI%’GINIA N RTHERN

wood
11 Miles, 4 Steam
G th Gen Mgr
WHEELING & LAKE ERIE Brewster

Ohlo
099 Miles, 154 Steam, 4 Dlesel
E A Hamilton _Elec ng
WHITE SULPHUR 8PGS & YELLOW-
i;l‘OEIE PARK White Sulphur Spgs
on
23 Mliles, 1 Steam
G A Wetherell Sugt
WICHITA FALLS & SOUTHERN
Wichita Falls Tex
169 Miles, 9 Oll
J D Sulllvan Gen M|
WlLLAM[NA & GRAND RONDE
ew Wash
8 \ﬂles 2 Steam

Robertaon V Pres
WINCHESTER & WESTERN Win-

King-

Miles, 2 Steam

F C McKee Pres
WINIFREDE R R Charleston W VA
0 Miles, 1 Steam
R Yarborough Traf M
R Warsaw In

B R Ritter Gen 8
WINSTON-SALEM SOUTHBOUND
Wilmington N C
89 Miles, 8 Steam
Lowell White Cen Supt Tele
w O%D[RIVLR BRANCH Hope Valley

] Mllm l Gu
R R Ra nt
w Rl?l§ I‘SV LF&TEN\IV[LLE Dub-

1
36 Mlles 3 Steam
18 H lLord Pres &
WYANDOTTE SOUTHERV Wyan-
dotte Mich
6 Miles, 3 Steam
W D LeBar Gen Supt

WYANDOTTE TERMINAL Wyan.
dotte Mich
9 Milles, 5 Steam, 1 Diesel

5 Edson
WYOM NG R R Buffalo Wyoming
28 Miles, 3 Steam
C C Palmer Supt Tele & Comm

—Y —

YAKIMA VALLEY TRANSPORTA-
TION Yakima Wash
34 Mlles, 3 Elec
LeGrand You! V Pres & Sl&:t
YAKUTAT & SOUTHERN amiin St
& Falrview Av Seattle Wash
15 Milles, 1 Diesel

G V Graham Pres & Gen Mf
YAZQO & MISSISSIPPI VALLEY See
Ilitnots Central System
YORK UTILITIES 8anford Me
2 Mlles, 2 Elec
M rd V Pres & Gen Mgr
YOSEMITE VALLEY Merced Callf
Steam

G a‘?er Pres
YREKA WESTERN Yreka Callf
8 Miles, 2 Oll
O F Guerin _Supt
YUMA VALLEY Yumsa Ariz
43 Mlles, 1 Oll
C B Elliott Supt

CANADIAN RAILROADS

ALGOMA CEVTRA[.& HUDSON BAY
Sault Ste Marle (
332 Miles, 27 Qmm
RS Mc(,ormlch Gen Supt & Ch Enc
ALMA & JOVQUIERES Lake 3t John

llQMlles 3 Sm.m

T J But|
BR[T[SH COL MBIA ELEC Van

213 Mllu. 11 Elec
J B Mouat SuRz
BRITISH COLUMBIA YUKON
RITISH YUKON NAVIGAT[O\I
BRITISH YUK \I RR
See White Pas: Yukon
CANADA & GULF TERMINAL Mont

5 Bteal
TJ Fouhy Ge I\P
CANADIAN NATIONAL Montreal Que
198 Miles, 2,380 8tm, 84 O], 33 Elec,
3 Diesel ' Comprising:
Canadlan Government.
Canadlan Nor!
Central Vt (Mucaac shown separately)
uluth Winnipeg & Pacific
Duluth Rainy Lake & Winnipeg
Grand Trunk Pacmc
Grand Trunk R R
Gr Trunk Western (Mfleage also shown
separately é
Niagara 8t Catharines & Toronto (M{le-
age v%‘:%hm zeparately.

8l !«f - %‘.‘ Anipeg M
e Slg ns nnipeg Mano
CENTRAL VEB NT
422 Milles, 82 8
R D Garner Gen Mgr St Albans Vit
DULUTH WINNIPEG & PACIFIC —
DULUTH RAINY LAKE &
WINNIPEG
68

173 Ml
C Owens  Gen Winnipeg Mun
GRAND TR UN. I\'

WESTERN
1,026 M|
WL Dayton Sig Eng_ Detroit Mich
JB ‘wcGregor Supt Tele Battle (reek

ich
NIAGABA ST CATHARINES &
571&4 IIQON TO Toronto Ont

J F Pringle V Pres & Gen Mgr
CANdADIAN NORTHERN Su Cana-

{an Nattonal
CANﬁDI‘AN PACIFIC 204 Hospital 8t

real
17,038 Mlles, 1,700 qmm 15 Diesel
W'D Nell Gen Mgr
E 8 Taylor Sig Eng Rm 337 Unlon

8ta Toronto Ont
A W East Eng Comm 204
ospital Montreal Que
(o} R Hodgdon Slg Eng Wlnnlpe1 Man
New Brunswick D 842 M
C H Cameron sslg Suli)er St John NB
Quebec Dist Miles

E 8 Becksted Sig Super Montreal

Que
Ontario Dist 1,423 Mliles
R I Beoksted 1g Su lr Toronto Ont

Dist 1,223
E M cCracken’ Gen Mgr North Bay

Manunba Dist 2,516 Mliles
J I MacKay Gen Supt Winnipeg

an
Saskatchewan Dist 3,626 Miles
Hsgk’l‘uylor Gen Supt  Moose Jaw

AlDrm| D“‘Slga 103 Miles C 7 AI
avies u algary ta
Brigleh Columbla bist 1,987 M

Davies 8|
CENTRAL V

nadian Nat'l

CUMB ERLAND R R Springhlli N 8
32 Miles, 6 Steam

A MoMllian Supt

DOM‘I}\'IO‘g ATLANTIC R R Kent-

304 Mlles, 23 Steam
J J Richardson Eng

FM axp TeELEvVISION



PRESTO ELECT
UNION CITY,

RIORITY

For Harco Radio

MASTS & TOWERS

Revocation of Order M-126
permits manufacturing from
surplus invenfories. We have
adequate surplus stocks to
make,,.

IMMEDIATE
SHIPMENTS

HARCO

CO. INC.
ELIZABETH 4, NEW JERSEY

Catalog mailed on request

June 1945

formerly F'M Rapio-ELecrroNics

THERMOS [A]]

DELAY R

Other important features include:—

1. Compensated for ambient temperature
changes from —40 to 110 F.

2. Contact ratings up to 115V-10a AC.

3. Hermetically sealed — not affected by al-
titude, moisture or other climate changes . , .
Explosion-proof.

4. Octal radio base for easy replacement.
5. Compact, light, rugged, inexpensive.

6. Circuits available: SPST Normally Open;
SPST Normally Closed.

WHAT'S YOUR PROBLEM? Send for "Spe-
cial Problem Sheet” and Descriptive
Bulletin.

561 BROADWAY

AMPERITE CO. Riw vorda'NY

In Canada: Atlas Radio Corp.. Ltd.
560 King St. W., Toronto

PROVIDE DELAYS RANGING
FROM 1 TO 120 SECONDS

ELAYS

-
/

porcelain
heater

= ]
with heater wound

directly on blade

67



FM BROADCAST &
COMMUNICATIONS

HANDBOOK

This series of articles, the first com-
plete presentation of FM theory and
practice, started in the February, 1945
issue of FM AND TELEVISION.

A few copies of the back issues con-
taining this series are still available at
25¢ each.

If you missed any of these issues, order
them at once, before our supply is
exhausted.

FM AND TELEVISION
511 Fifth Avenue, New York 17, N. Y.

RADIO AND ELECTRICAL ENGINEERS

for research and development in the

field of radar, radio commmmunications

and electrical test equipment. Good 1
postwar opportunity. Also openings ‘
available for Draftsmen and Junior
Designers.

ALLEN D. CARDWELL MFG. CO.

81 PROSPECT STREET ¢ BROOKLYN, NEW YORK

FREE TOo YOU

COLOR CODE AND
OHMS LAW CALCULATOR

A great convenience. Easy to
work. Solves many problems.
Attach coupon toyour letterhead.
Free to radio men, engineers, etc.

BURSTEIN-APPLEBEE_COMPANY
1012 McGee, Kansas City 6, Mo.

Send me FREE Color Code and Ohms Law Calculator

BURSTE'N_ along with latest catalog
APPLEBEE WEL
COMPANY STATE CONNECTION tN INDUSTRY
1012 McGee St. NAME
Kansas City 6, Mo. AOORESS
Mail Coupon Now TOWN =TATF

CANADIAN RAILROADS
Continved
Fﬁle(l\:dALT & NANAIMORR Victoria
209 Miles, 25 Ol
C D Mackintosh Asst SBupt & Div Eng
GREATER WINNIPEG WATER DIST

1 Elec
lng 'S8t Winnipeg
DeCuy ger Genl"oremnn 202 Notre
Dame St Boniface
G xol-‘adden Gen Supt Greater Win-

Water bm St Boniface Man
LAK(I);n ERIE & NORTHERN
51 Miles, 6 Steam
D A MoMillan  Bupt
LON(I))HON & PORT STANLEY London
55 Miles, 3 Elec, 10 Motor Cars
E V Buehanan ' Mgr
MARITIME COAL R R & POWER
Amherst N 8
15 Mﬂu. 4 Steam
N T Avard Gen Mgr
MIDLAND R CO OF MANITOBA
5 E 4th Bt Paul 1 Minn
[ ] Mﬂ , 2 Steam
CM Nye Ch Eng
MONTREAL & SOUTHF'RN COUN-

Preston

MORISSEY FERNIE & MICHEL
Fernie BC

5 Miles, 2 Steam
H P Wiison Pres & Gen Mgr
NAPIERVILLE JUNCTION
Cathetine W Montreal Que
28 Miles, 2 Steam
H Nuelle

NEWFOUNDLAND RR StJohns N F
Steam

788 Mﬂeu. 5
Ch Eng Malnt of Way
NlAGARA ST CATHARINES & TO-
ONTOQO Ses Canadian NatR R
NORTHERN ALBERTA Edmonton Alta
923 Miles, 16 Steam
MacArthur Gen Mgr
OSHAWA R R Toronw Ont
22 Miles, 6
JF Pﬂn‘le V Pres & Gen Mgr
PACIFIC & ARCTIC R R & NAVIGA-
TION See Whits Pass & Yukon

1010 8t

Route
PACIFIC GREAT EASTERN R R
uamish B C
347 Mlles, 10 Steam
J A Quick Supt
QUEBE(BT&RAILWAY LIGHT & POWER
e

el
33?2!1@. 7 Steam
E D Gray-Donald Ch Eng
QUEBEC CENTRAL R R S8herbrooke

Que
362 Mlles, 18 Steam
Hibbard Ch Eng
ROBERVAL & SAGUENAY Sun Life
Bldg Montreal Quo

38 M es. 4 8tm, 3
W C Duncan M Birector
SYDNEY & LOUISBURG Sydney N 8
120 Miles, 26 Steam
Wilson Ch Eng
TEMISCOUATA R R Riviere du Loup

113 Mllu. 7 Stea
N Walsh Sum. 8ig & Comm
TEMIQKAMING & NORTHERN ON-
TARIO R R COMMISSION North

Bay
574 Mllu 5l Stm. Diesel
G M Simpson  Supt Tele & Telo
THO(;JSAND ISLANDS R R Toronto

t
5 Mﬂu 1 Gas-Elec
F Pringie V Pres & Gen Mgr
TORONTO BAMILTON & BUFFALO

Hamtilto
lll Miles, 23 Bwam 1 Gu-Elec
J G Stonehouse 8ig 8

PASS & YUKON Skagway

aska
110 Miles, 9
Comprising: l)rltlsh Columbla Yukon

British Yukon

British Yukon Navigation

Pac & Arctic R R & Navigation
V I Hahn Supt

MEXICAN RAILROADS

CAMARGO & WESTERN
No 21 Mexico City Mex
20 Miles, 1 Gas
G 8 McLaughtin Ch Eng
CANANEA CONSOLIDATED COPPER
Cananea Sonora Mex
32 Miles, 9 Ol
A Mendelsohn Gen Mgr
CI{[E{;J‘:E&UA MINERAL Chihushua

Calle Bolivar

COAHUILA & ZACATECAS Coshulla

Mex
103 Miles, 11 Steam
J Morales Suot
EL OR(I{'t MINING & R R CO E

Oro
9 Miles, 3 Steam
GM Wut.eneyn Gen Mgr
FERROCARRIL INDUSTRIAL _EL
POTOSI Y CHIH Chihuahua Mex
14 Miles, 7 Eleo
L Obregon Ch Elec
FERROCARRILES NACIONALES DE
MEXICO

Ses National Rys of Mexico
FERROCARRILES UNIDOS DE YUCA
TAN S A

See United R R's of Yucatan
FERROCARRIL, MEXICANO DEL
NORTH Ses Mexican Northern
FERROCARRIL SUD PACIFICO DE

MEXICO

Ses Southern Pactfic R R Co of Mex
MEXICAN NORTHERN Ave 16 Sept
26 Mexico City Mex
88 Miles, 8 Steam
IJM Delgado Mgr
MEXICAN PACIFIC Sinaloa Mex
llu 3 Steam

25
Griggs Gen Mgr
MEXICAN RRColLtd Plasuela Buena
Vista Mexico City Mex
434 Miles, 60 ou 12 Diesel
1, P Castro Res Eng
MEXICO NOBTB-WESTERN R R
Ciudad Juarez, Chih
476 Miles, 2 Steam, 24 bu
F J Clark ~ V Pres (O
MINATITLAN
er,
9 Miles, 5 Cil
J J Nettel Florean Ch Eng
NATIONAL R R OF MEXICO Mexico

City Mex
8,384 Mﬂul 1019 Steam Comprising:
N’u onal Rys of Mexico
Interoceanic x{ of Mexico
Tehuunupec ational Ry
Veracruz to Alvarudo Ry
A Ortis  Gen Mgr Mexioo City
B (l:;l Artlas Sum Tele & Eleo Mexioo
POTOSI & RIO VERDE San Luis Po-
tosi 8 L Potosl Mexico

per)
AL CARMEN Mina
ex

pt
SOUTHERN PACIFIC OF MEXICO
Guad; Mexico
l 331 Mﬂes 88 Ol
M Fernandes Gen M|
TOL&CA & ZITACUARO Mexioo City
ox
40 Miles, 3 Steam
J Zermeno Pres & Gen Mgr
UNITED R R's OF YUCATAN Merlda
Yucatan Mex

4

VERACRUZ TO ALVARADO See Na-
tional Rys of Merico

VER‘QCRUZ TERMINAL Mexico D F

32 Miles, 10 Ofl

J D W Helmes Gen Mgr

WESTERN RY OF MEXICO Cullacan
Sinaloa M

38 Miles, 4 Steam
bV Valdes - Mar

BROADCAST RECEIVERS

We seek the services of an experienced receiver
designer to take charge of our work in the broad-
cast field. The man must be ingenious, capable of
engineering competitive designs and well versed
in radio engineering. We will consider a man for
work in either our New York or New London
laboratories. W rite: TEmpLETONE Rapio MFe.
Corp., New London, Connecticut.

FM axp TeLEVISION



® This “iraveling recording studio” of the Office of War Information has everything
for making recorded pichups for broadcasting on international short wave. Such
important equipment must be the finest that science can provide, so Raytheon High-
Fidelity Tubes are used to assure the highest quality reception.

Wherever they are employed, Raytheon Tubes live up to their reputation for fine
performance. That is why they are first choice among electronic engineers planning
post-war products . . . and first choice among radio service-dealers who are building
sonndly for the future.

There’s a real promise of greater profits and greater customer-satisfaction for
service-dealers who feature Raytheon Tubes. And there’s a revolutionary Raytheon
merchandising program planned, too . . . to help you be more successful than ever
before,

Switch to Raytheon Tubes now!

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 DIV'SION
Neiwton. Mass. . Los Angeles +  New York . Chicago + Aiant

‘*“MEET YOUR NAVY"*
Every Saturdey Night
AMERICAN BROADCASTING CO.

~  RAYTHEO

All Four Divisions Have Been Awarded #a d 3
Army-Navy “E” With Stars Wé ;m
ELECTRONIC AND RADIO TUBES
DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES FOR THE NEW ERA OF ELECTRONICS

June 1955—formerly FM Rapio ELECTRONICS



F-M 2-WAY RADIO-
TELEPHONE SYSTEM

The efficiency, economy and safety provided by Motorola
F-M two-way radiotelephone were demonstrated again—
with spectacular results! On a test rua over the rugged,
mountainous route between Denver and Salt Lake City,
“The Flying Ute,” fast Diesel freight, carried 65 cars of
explosives and other vital war miaterials.

The 570 mile run included 50 tunnels, but clear ard in-
telligible communications between engine and caboose were
maintained throughout most of the route.

FREE ' Write for detailed Motorola
® Radiotelephone Directory cov-
ering more than 1000 Motorola two and three

way F-M systems now operating in United
States, Canal Zone and Hawaii.

FM anp TELEvVISION
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JOINED...FOR I.l FE through Corning Metallizing!

EMEMBER when glass and metal just wouldn’t

stay hitched? They joined together readily but

when the going got rough they parted company in the
best Hollywood tradition.

Things are different now.Corning’s metallizing process
weds glass and metal with a bond that lasts like an
old-fashioned marriage. Through heat and cold . . .
under severe conditions of stress and strain, they

stick together in a lasting union.

e means—
Research in Glass

12

This happy union can boast a whole family of fine
qualities:

HERMETIC SEALING ... PRECISION METALLIZING . .
SUPERIOR PHYSICAL PROPERTIES. . . PERMANENCE . ..
THERMAL ENDURANCE MECHANICAL STRENGTH
Which of these can you use? Write us about it. We’ll
be glad to work with you to see if metallized glass
can help solve vour problem. Address Electronic Sales
Department, F-6, Bulb and Tubing Division, Corning
Glass Works, Corning, New York.

EEA

pYiEX

8
J 4
#4180

* und «CORNING" are registered rade-marks and indicate maaufacture by Corning Glass Work:. Corning. . Y.

FM AxD TELEVISION



TELI‘VISION—sign and symbol
of the age to come—is one of
the wonders that specially de-
signed cable transmission makes
practical. For the quality and
fidelity of the transmitted image
depend largely on how well the
cables are engineered and manu-
factured, from tiny cables in the
broadcasting mechanism itself to
the great coaxial cables linking
city with city, making possible the
television networks of the future.

Thus the “wireless age” as it de-
velops will actually need more
wires—and more complicated ca-
bles—to achieve its realization!
And in the solution of these
problems, new and more com-
plicated cables will be required.

Today, we will undertake to en-
gineer and manufacture the radio
and audio cable requirements of

any government agency of private
concern in war work. Moreover,
we look forward to solving many
of the most difficule cable tasks
in peacetime —as we have in
wartime. ‘The same laboratories,
the same Yankee ingenuity that
have helped to whip many of the
difficulties involved in the com-
munications requirements of our
Army and Navy are prepared
to function for industry — what-
ever the problems of today and
tomofrrow.

Why ANKOSEAL
solves cable problems

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

THE ANSONIA ELECTRICAL COMPANY

Specializing in “Ankosea!” a Thermoplastic Insulation' < /F"'.iQ;j' - /\'
\ kﬁ)‘u‘/)
+ (i
A Wholly-Owned Subsidiary of

ANSONIA ¢ CONNECTICUT
NOMA ELECTRIC CORPORATION
GENERAL OFFICES « NEW YORK, N. Y.

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

June 1946—formerly FM Rapio ELECTRONICS 13



POINTS OF

7. GRADE L4 STEATITE

9. STATORS MOUNTED ON LOW LOSS INSULATION

TOP SIDE FOR LOW STRAY CORRECTLY PLACED FOR
10. THICK, ROUNDED EDGE, CAPACITY | LONG LEAKAGE PATH AND
ALUMINUM PLATES FOR ' SMALL DIELECTRIC LOSS

MECHANICAL STABILITY
AND INCREASED VOLTAGE
BREAKDOWN.

8. LOW RESISTANCE ROT-
OR CONTACTS OF LONG
LIFE, PHOSPHOR BRONZE,

1. REMOVABLE BRACKETS STRING M

FOR MOUNTING COILS ON
TOP OR MOUNTING CON-
DENSER INVERTED

2. STAINLESS STEEL,
GROUND STOCK, SHAFTS

6. HEAVY ALUMINUM
FRAME RODS FOR TOR-
SIONAL RIGIDITY.

CATALOG NO. 100FD20

3. HEAVY END PLATES

FOR STRENGTH 5. CENTER CONTACT BE-
TWEEN SECTIONS FOR
4. PERFECTLY ALIGNED SHORT R. F. LEADS

ROTOR SHAFTS FOR CALIB-
RATION ACCURACY

C - Plate spacing J25* - .500*
Moximum frame dimensions 5% x 5-13 32~ Type ‘“F* single and dual condensers are stocked
D - Plate spacing 080" - 250° with plate spacings of .045 to .075 in 19 different
Moximium| frame) dimensions 4% x 4% models. Maximum capacity ronge is from 34 mmf,
to 255 mmf. ond the rotios of maximum to minimum
E - Plate spacing -045% - 125 run from 7:1 to 15:1. Moximum frame dimensions
Moximum frame dimensions 2%' x 2-19 32 2-1 16" by 2.
H - Plate spacing 030 & .080"

Maximum frome dimensions 1'2” & 1-9 16"

a éa’moaj name in Radio
E. F. JOHNSON COMPANY « WASECA - MINNESOTA

74 FM axp TELEvIsION



FROM THE HOUSE OF Jncxs

. .« » and other radio and electronic components!

Amaerica’s largest producer
of JK-26 jacks. All models
built to striet Signal Corps
specifications.

Expenience forSale!

N Amalgamated Radio, pionsers
‘:k’ in the field, maintain experi-

= mental and development labora-

tories for post-war radio and
television equipment. Our com-
PL-34 ponents are completely engi-
neered in a self-contained

‘ m factory equipped with toals of
—a our own design. Years of spe-

clalized experience assure high
quality products at low cost.

ADBITIQNAL .ACKS 8 PLUGS FOR IMMEDIATE DELIVERY

-5 JK-48 PL291 PL29TA PL-204 Ircibiries ave. Axvilacy IS THE ONLY ONE
AMALGAMATED RADIO TELEVISION CORP. THAT COUNTS IN

|
476 BROADWAY o NEW YOREK 13, N. Y. S ou ND

Regardless of high quality
pick-up, amplification, radio
broadcast or home recep-
tion, the end result is the
only one that counts in qual-
ity sound reproduction. Per-
fect sound reproduction
from 40 to 15,000 cycles
plus is the end result of the
Duplex Speaker. That's the

Headqurters for
SPECIAL Crystals!/

The men of The James Knights Company have been

end result that counts with
top sound engineers and

discriminating listeners.

designing and making special precision crystals

since 1932, Their extensive experience with crystals

SEND FOR BULLETINS

for every conceivable purpose,coupled with an active

participation in Radio dating back to 1913, is avail-

able to you. These men are interested in your special
crystal problems — they have the knowledge, equip-
ment and research facilities to help you. Why not get

them working on your special crystal problem today?

< &

LANSING CORPORAT/ON

P
DWIC 1210 TAFT BLDG., HOLLYWOOD 28, CALIF,

250 WEST 57 STREET, NEW YORK 19, N, Y.
IN CANADA: NORTHERN ELECTRIC CO.

The.

=S8
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SPEER RESISTOR CORPORATION °:.2%

16

*“SPEER LOCK NOTCH COIL-
WINDING FORMS ARE
FULLY PROTECTED UNDER
U.S. PATENT NO. 2,355,611,

... addaze GREATER PRODUCTION,
LESS SPOILAGE-IMPROVED QUALITY!

For manufacturers of coils, R. F. Choke coils and wire-wound
resistors, the small, inexpensive SPEER Lock Notch Coil
Winding Forms provide a solution to several production
and quality problems. The patented SPEER Lock Nofch
molded into each end of the coil winding form holds the
coil end firmly in place before, during and after soldering.
No accidental unwinding—no lost production time—no spoil-
age—no changes in impedance. After winding, any finish can
be applied or the unit covered with molding compound in
standard injection molds. It pays to investigate.

Perhaps there’s a saving!

SEND FOR a sample card displaying
standard units. Please use company
letterhead ond indicate your title.

WINDING FORM SPECIFICATIONS

—p L é o EepD — c -
© e $4 O
e | | |
AR RS A e d
Part No A B C D

CF-107 U+ 107 + 005 .025 .040
Ci- % Y+ 125 + .005 025 040
CF-4, vt 166 + .005 028 .040
CF-170 K+ 170 £ :005 .028 030
CF-178 N+ W | 178% 005 028 062

CF-3, U+ 187 £ .005 028 | .062
CF-i4% 1+ 4 .218 + .005 .035 070
CF-Y 1+ 250 + .005 035 070

CF- 4 141 14 375 + .005 040 070

PP A

= —— = =
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PROJECTION TELEVISION
(CONTINUED FROM PAGE 53)
power again, so that the net amount
gained by going to a larger lens is rela-

tively small.

In the actual arrangement of the optical
svstem for a home receiver, a reflective
system is used as shown in Fig. 7. The
main lens in this arrangement consists of
a bowl-shaped spherical reflector some
12 ins. in diameter. When the fluorescent
screen of the projection kinescope is placed
at a point between the principal focus and
the center of curvature, an enlarged image
is projected on the screen. The tube itself
blocks off a small part of the reflected rays,
but does not affect the image, just as re-
ducing the aperture on a camera reduces
the light. but does not affect the size of the
picture. Unfortunately, a reflector such as
shown here — if of large size, introduces
« spherical aberration’” with the result that
the image is not sharply focused.

In order to correct this * spherical aber-
ration,” an aspherical correcting lens is ar-
ranged as shown in Fig. 8. A hole is cut out
of its center so that it can fit over the neck
of the tube. By locating this lens at the
center of curvature of the reflector, a
minimumn of shaping is required. The re-
flector itself is polished glass with an
aluminized surface. The center part of this
mirror is masked (actually, it is cut away)
since most of the light reflected by this
part is blocked by the tube. Masking pre-
vents reduction in contrast which would
be caused by the light it would otherwise
reflect on the face of the tube. So efficient
is this arrangement that the overall sys-
tem has an efficiency of approximately
30% equivalent to an aperture of f/.9.
This is 6 to 8 times better than direct-
projection optical systems.

The final step in the development of the
projection optical system is shown in Fig.
9. In order to get the whole system into a
cabinet of relatively shallow depth, the
main axis of the system is arranged ver-
tically. The projection kinescope tube
points downward. The image, projected
downward from the tube, is reflected
straight up by the spherical reflector,
passes through the correcting lens, strikes
a 45° mirror near the top of the cabinet,
and is projected forward onto the trans-
lucent screen in the front of the receiver.
Some added advantage is gained here since
a translucent screen can he made to have
a higher efficiency than a ditfusive, re-
flective sereen. The picture on this screen
actually has a brightness in the highlights
of approximately 8 foot-lamberts, which
is about the same as that in good motion
picture projection and somewhat better
than that of home movies.

The largest issue of FM axp TELEVISION
ever published will be the special Emergency
Radio number for July. In addition to feature
articles on commuunications equipment for
emergency services, this issue will contain our
4th semi-annual Directory of Emergency Radio
Stations. This is an exclusive feature of FM
AND TELEVISION.

Comco Production Planning Means

QUALITY RADIO AND
ELECTRONIC EQUIPMENT

Cicitiomesge’

For the Best
in Dependable
Performance

Production Planning at
COMCO is the point where
research and development
are synchronized with pre-
cision manufacture and
scientific assembly. The re-
sult: a product of fine quality
and superior operating char-
acteristics, customized to meet
the most exacting require-
meants.

COMCO TRANSMITTER Model 127 AA

15 watts output. Frequency range 200 to
550 kc. Cabinet size: Width 23"; Depth
18”; Height 48", Other COMCO Trans-
mitters available for operation on VHF
and medium high frequencies.

COiiCO RECEIVER Model 82F

Fixed tuned, single frequency, crystal con-
trolled, superheterodyne, radio telephone
receiver. Frequency range 2 to 8 Mc.Stand-
ard 31" rack panel mounting Eight
tubes. Other COMCO Receivers available
for operation on VHF and low frequencies.

WRITE! Just a note on your company letterbead outlining your exact requirements. We'll give
you the benefit of our specialized experience. We can supply a wide variety of customized
equipment on priority NOW. We are accepting non-priority erders for post-war delivery.

MANUFACTURERS OF RADIO ‘C &

OMCO,
COMMUNICATIONS COMPANY, Inc.

CORAL GABLES 34, FLORIDA
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Ten thowsand different
radio and electronic parts immediately
avoilable on priorities

1

Trained expeditors select
and ship same doy your order
is received

: "IM simlm as nlldﬁ |
R p—
o ond electronic equipment '

s -

N

100 Sixth Ave. Dept. F-6 New York 13, N. Y.
Beston, Mass.  Newark, N. J.
World's largest Radio Supply House

Originators and
Peacetime Marketers
of the celebrated

_Latayeffe Kadlo

Write taday for our bargain
fiyers and special bulletins

78

WHAT'S NEW THIS MONTH

(CONTINUED FROM PAGE 4)

war. It is estimated conservatively that
this will exceed 14 billion dollars per year,
and it may reach twice that figure.

However, that is far from enough. To
maintain postwar radio employment. ra-
dio manufacturers must have at least 1
billion dollars in annual sales of liome
radio sets and broadcast station equip-
ment. And this production must start just
as soon as there are substantial cancella-
tions of military contracts!

Production of broadeast receivers and
transmitters must be started in step with
military cancellations 1) to give continued
employment to the largest possible num-
ber of factory workers and 2) to provide
jobs in distribution, sale, service, and
operation to radio-trained men released
from the Armed Forces and those laid off
by radio manufacturers. To do this, manu-
facturers must start now to design postwar
cquipment, and to initiate production
plans.

But today, this is impossible — not
because there is inadequate engineering
talent available at this time, but because
manufacturers do not know the frequen-
cies on which FM broadcast transmitters
and receivers are to operate. Any state-
ment from Government officials that
manufacturers do not have engineering
man-hours for this purpose is either a
deliberate misstatement of fact for ‘“mo-
rale” purposes, or is made in ignorance
of true conditions.

Not until the FCC settles the frequency
assignments for 44 to 108 mec. can any
constructive planning be done to prevent
postwar radio unemployment. But the
FCC hasn’t settled these assignments, and
makes no promise of doing so until some
time after ‘‘the coming sumnmer.”

Sets Without FM * Of course, new sets could
be made with only AM circuits until such
time as FM broadcast frequencies have
been determined. Why not? There is a
very good reason why not.

Before Pearl Harbor, the public hiad a
foretaste of FM quality, with the result
that there was a greater demand for fine
receivers, retailing at $175 to 8350 than
manufacturers could supply. Moreover,
the introduction of FM-AM sets and
phonograph combinations resulted in
shrinking the demand for AM sets into
the lowest brackets, from $9.95 to $19.95.

During the four years that home radios
have not been produced, continuous pub-
licity has been given to the superiority of
FM over AM, supported by official state-
ments from FCC such as its promise that
it will be “‘a service whiclh will not be sim-
ply a new and improved broadcast service,
but the finest aural broadcast service
which is attainable under the present
state of the radio art.”

Thus during the period when an enor-
= T T (CONTINUED ON PAGE 79)

OR nearly two

decades, ESICO
has stood for superb
quality and over-all
economy in solder-
ing equipment. The
name ESICO on
your soldering tools
is definite assurance
of long, uninter-
rupted service. Spe-
cify ESICO — the
name that assures
you of satisfaction.

Write Today for
Complete
Information
On the Esico Line

ESICO
SOLDERING

IRONS
Designed for

tough, long-
lasting factory
service, Widely
used in indus-
trial plants
everywhere,

MACHINE

S

real time-saver.
Treadle-operated. Au-
tomatically advances
iron and solder,
leaves operator’s
hands free for work.

ESICO
SOLDERING IRON
_CONTROLS

Positive TIP contrul pre-
vents over-heating — tip
cannot fall below solder-
ing temperature, The ouly
practical method of con-
troliing heat in the tip—an
exclusive ESICO feature!

EsICO
SOLDER POTS

<

Rugged construction,
Variety of sizes. Designed
for continuous non-stop
operation. Elements re-
placed easily and

quickly.

ELECTRIC SOLDERING IRON CO. Inc.

2045 West Elm Street, Deop River, Conn.
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mous replacement market has been built
up for radio receivers, the public has been
educated to think of new sets in terms of
FM, with the result that any demand for
plain AM models will be limited to the
cheapest types. to serve until the genuine
postwar designs afford both FM and AM
reception.

What Has Gone Wrong * In order to determine
what corrective measures must be taken,
it is necessary to have a clear picture of
conditions as they exist now:

In 1943, James Lawrence Fly, then
FCC chairman, proposed the formation of
RTPB so that technical problems affect-
ing frequency allocations could be ironed
out well in advance of the war's end. Had
that been done, every one concerned
could have carried on his war job, civilian
or military, with the assurance that plans
were being made for reasonably smooth
conversion from war to peace.

Mr. Fly’s intentions were excellent, but
Mr. Fly was a lawyer, not a business man,
and he failed to realize that engineers
are men of opinions rather than decisions.
Thus, when the RTPB FM Panel did
arrive at a delayed recommendation as to
FM broadcast frequencies, FCC’s Dr.
Wheeler and his student Norton slyly
introduced a counter-proposal all their
own, based on information which had
been withheld from RTPB.

Eventually, their conclusions on tropo-
spheric interference were shown to be in

error, but then, obliyious of their obliga--

tions to the public by whom their wages
are paid, they continued to maintain that
FM frequencies must be changed radi-
cally, and fortified their position with
fresh arguments concerning Sporadic E
interference. In this stand they have been
discredited again, but they had sufficient
supporters among anti-FM broadcasters
that their smoke-screen beclouded the
issue in the minds of the Commissioners.

As a result, the Commissioners, when |

they announced the final frequency alloca-
tions from 25 me. to 30,000 me. on May
17th, side-stepped the issue by proposing
three alternative arrangements for the
band from 44 to 108 mec.

This Doesn't Make Sense * Here is the offi-
cial explanation given by the FCC for fail-

ing to meet the issue on FM broadcast I'

frequencies: “The reason for not making a
final decision at the time (May 17th) was
that the Commission felt that further
measurements were desirable before mak-
ing a final allocation for FM. In this con-
nection the Commission pointed out that
its decision not to make a final allocation
for FM at this time would not in any way
hamper the future development of that
service because the Comnission has re-
ceived advice from the War Production
(CONTINUED ON PAGE 81)
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- ALDEN

for Graphic Recording
of any kind

OUR YEARS OF EXPERIENCE, and cumula-
tive skills, in the designing and production
of RADIO COMPONENTS, are now being
used in making equipment which covers the
entire field of FACSIMILE.

Actual service, as found in war and com-
munication work under all conditions, has
given a PRACTICAL quality to our equip-
ment which, under ordinary conditions,
would not have been obtained in years of
engineering with limited application.

ALDEN PRODUCTS COMPANY is manu-
facturing practically ALL TYPES AND
SIZES of facsimile and impulse recording
equipment—-using all the varied recording
mediums: Photographic Paper, Film, Elec-
trolytic Paper, Teledeltos, and Ink.

ALFAX IMPULSE
RECORDING PAPER

By "COVERING THE ENTIRE FIELD,” we

mean ..

1. some of our equipment has been used for
the transmitting and recéiving of photagraphic
plctures of r bly high resolution (such as
the war pictures now appearing in the news)

2. Continvous Recorders—af the type whose
valve has been proven on National ond In-
ternational news service circvits—are now on
their way ta the Orlent, to be used for the
receiving of the so-called “picture” longuages.

3. Also, through the use of ALFAX (the first
high-speed black and white permanent record-
ing poper), HIGH-SPEED Signal Analysis Equip-
ment has been made possible for various labora-
torles and Gavernment Departments. Other
equipments have employed Teledeltos Paper for
messoge work and ather purpases.

4., The obility of ALFAX Paper and ALDEN
Machines ta record impulses as they occur,
without the inertio prablems of many previous
methods, hos made possible ather recorders at
various speeds (including slaw), They will record
a whole day's history of related phenomena,
with time indicated, ond often—with self-
calibrated linear reference marks for ready
interpretation.

5. awen Tape Recorders (recording medium,
ink}—have been designed to operate with o

ini of ble and adjustments, and have
PROVED MOST SATISFACTORY in doy to doy
service.

ALDEN PRODUCTS COMPANY
117 North Main Street
BROCKTON (64F2), MASSACHUSETTS




BEAT
FREQUENCY
GENERATOR

Type 140-A

A dependable

fest instrument

An accurate signal source capable of supply-
ing a wide range of frequencies and voltages.
Frequency Range 20 C.P.S. to 5 MC.

Output Voltage 1 mv to 32 volts.
Power QOutput 1 watt.

. BOONTON © ADIO Q
" BOONTON, N.J (

DESIGNERS AND MANUFACTURERS OF THE "Q METER QX-CHECKER . FREQUENCY MODULATED SIGNAL
GENERATOR . BEAT FREQUENCY GENERATOR ... AND OTHER DIRECT READING TEST INSTRUMENTS

Cinaudagraph Speakers are made
to take the tough raps. This is the
built-in result of better manufac-
turing cxperience. Look at the
record of achievement and you'll
put Cinaudagraph Speakers at the
top of your list.
: % Watch Cinaudagraph
by Speakers After Victory!

.

Cinaudagraph sPeakers, Inc.

3911 S. Michigan Ave,, Chicage
Export Div.. 13 E. 40th St., New York 16, N. Y.

“Ne Finer Sheaker in all the Werdd ™

APPROVAL

\\\\ GV ‘he en-

oduc¢ ilev
snyder PT ¢ jobber ‘e::" a
dorsemen alike. Thef= *
mer¥ sority
and ‘°'.‘:‘: of the supenf
cognt As.
\':‘ gnyder P‘oduc s

ANTENNAE
by

COMPLETE MANUFACTURERS
FROM START TO FINISH *
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Board that the radio industry will not
resume production of new AM, FM, and
television transmitters or receivers 'in
1943 or even in the first part of 1946 unless
Japan capitulates. This is not to say that
a small quantity of recgivers and possibly
a few transmitters may not be made
available. However, this will have little
or no effect on the future expansion of
AM. FM, and television services.” The
War Production Board has also advised
the Commission that in event there is any
change in its prediction, it will give 90
days advance notice.”

The radio manufacturers would like to
know the name of the individual at WI'B
who had the presumption to make such
a statement to the FCC. If there is anyone
who can give the Commissioners 90 days
notice of conditions in the Pacific war
that will result in releasing civilian radio
production. he doesn’t belong in WPB.
He should be military advisor to General
Marshall.

As for any assurance from the WIB
that there will be time enough to complete
significant FM tests and to design new
equipment before civilian production can
be resumed — the truth is that WPB
merely functions under the orders of our
military high command. to which it is
responsible. It does not issue contracts.
It cannot influence their cancellation.
When aircraft contracts totalling + billion
dollars, an amonnt equal to the total pro-
duction of radio and radar cquipment for
this year. were cancelled recently, WP'B
had no more advance notice than the
manufacturers who received the can-
cellations.

Actually, the “advice” received from
WPB is so cockeyed that the FCC never
should have published it. except as a hor-
rible example of the extent to which
Government agencies can fail to recognize
their limitations and the nature of their
respousibilities.

The Commissioners should have recog-
nized this. The Commissioners must real-
ize that the permission implied by YWWPB to
build “a small quantity of receivers and
possibly a few transmitters” — not to
sell but merely for laboratory tests —is
all that manufacturers need to formulate
their plans for civilian production and
postwar employment. But how can they
design or build or plan anything until FM
frequencies have heen allocated?

It's a Matter of Jobs * In proposing to de-
lay FM broadcast assignments pending
further tests during the suinmer, the Con-
missioners fail to see the need for an im-
mediate decision. It has nothing to do
with “the comparatively small present
investment in transmitting equipment
and receivers,” nor with “the short-range
advantage to be obtained by manufac-
(CONTINUED ON PAGE 83)

S,éecc{g .-The MODEL 40

For Testing Radio Crystals in

Write For Our
Descriptive
Bulletin
No. 40

Sub-Zero Range —Low as —85° C,

Here is a direct reading, precision instrument . . . accurate
within 1%°. .. which is indispensable to manufacturers
producing radio equipment used in sub-zero temperatures
by our armed forces. It is an important war-time develop-
ment of our laboratory—and has been subjected to
exhaustive tesis by Elematic engineers as well as manufac-
turers now using the instrument. The Model 40 consains
features and advantages not available in any other
pyrometer — is unconditionally guaranteed —and a vital
instrument in any laboratory where closer control over
production is desired.

Available in Six Scale Ranges and
Adaptable to All Types Crystal Holders

Enlarged view of standard crystal holder. with cover and
gasket removed, shows maanaer in which thermocouple is
attached to everytype holder. Scale ranges available include:

- 15¢° C. Minns 55°—Plus 90P C.
Minus 40°—Plus 50° C. Minus 60°— Plus 100° C.
Minus 5¢°~ Plus 100° C. Minus 85° Plus 85° C.

ELEMATIC EQUIPMENT CORP.

6046 WENTWORTH AVENUE, CHICAGO 21, ILLINOIS

June 1945 — formerly FM Rapio-ELrcTroNics




MODEL 62

VACUUM TUBE VOLTMETER [Tk

SPECIFICATIONS:
RANGE; Push button selection of five ranges— |, 3,10, 30 and 100 volis o.¢. or d.c.

ACCURACY: 2% of full scale. Useable from 50 cycles to 150 megacycles.

INDICATION: Linear for d. c. and calibrated to indicate r.m.s. values of a sine-
wave or 71% af the peak value of a complex wave on a. c.

POWER SUPPLY: 115 valts, 40-60 cycies—no batteries.

DIMENSIONS: 4%" wide, 6" high, and 8%" deep. WEIGHT: Approximately 6 Ibs.

PRICE: $135.00 f.o.b. Boontan, N. J.

Immediate Delivery

MEASUREMENTS CORPORATION

BOONTON, NEW JERSEY

Rugged ! NEVER NEEDS REPLACING . . .

The new Drake No. 75AP
(Underwriters Approved) is an
outstanding addition to the
Drake line of better Socket and
Jewel Light Assemblies. The
No. 75AP is rugged . .. never
needs replacement. Solder ter-
minal design makes connec-
tions absolutely secure... no
danger of vibrating loose as
with screw type terminals. Nc
parts can rotate with respect to
one another, nor can the bake-
lite housing be pushed or pulled
from the mounting tube. After

82

THE NEW
DRAKE
No. 75AP

once being assembled, the
whole unit is one rigid piece.
Designed for 110 volt circuits,
Special Resistor adapts it to
220 volt circuits, if desired.

Write for full details on the No.
75AP, and on the Drake S6
Lamp Remover. Anyone who
maintains or installs large num-
bers of S6 Lamps will find this
remover a great convenience.

DRAKE MANUFACTURING CO.

1713 WEST HUBBARD ST, CHICAGO 22, U.S.A.

qUA

ct

ELECTRICAL
REACTANCE

CORPORATION,
FRANKLINVILLE, N. Y.
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turers.” It’s a matter of jobs, — jobs for
radio workers whose financial independ-
ence requires continuous employment,
and for returning veterans who will judge
the management of this country during
their absence by the availability of em-
ployment.

Even the engineers who have been in-
vited to serve under Chief Engineer Adair
on the joint committee to make FM tests
this summer are outspoken in saying that
while some interesting data may be ob-
tained, little will be added to present
knowledge already available to the FCC,
and that more useful ends would be served
by spending the same amount of time on
the design of postwar transmitters and
receivers.

No, the problem confronting the Com-
missioners is not one of further assaying
the propagiaton advantages of proposals
1, 2, and 8. It is a matter of choosing be-
tween risking the responsibility for deny-
ing employment to civilian radio workers
and returned veterans, or deciding NOW |
between the propagation advantages of
the three bands proposed for FM broad-
casting.

Certainly, this choice should not be
difficult to make, and the opinions of the
Commissioners should be unanimous.

CIRCULAR ANTENNAS

(CONTINUED FROM PAGE 42)

pendability was accepted on the basis
that we were able to verify the other
curves by the same method.

While the curves themselves are com-
pletely reliable, one must be cautioned in
the use of the value of effective height that
applies for transmission from mountain
tops. Unless the path of the earth-reflected
rays from the transmitting antenna are
several wavelengths above the terrain
from the transmitter location to the level
terrain at the service area, it will not be
found appropriate to use for the effective
Leight the entire height above the level
terrain. In other words, at least a short
tower must be used even on a mountain
top to gain the full advantage that this
natural height offers.

A most interesting brochure on mag-
nesiwn and its uses has been issued by the
Magnesium Division of The Dow Chemi-
cal Company. Die castings of this metal
were employed extensively in German
radio equipment, but magnesium is al-
most a stranger to our radio industry.
However, in addition to great weight ad-
vantage over steel, it has many properties
which lend themselves to production
economies in stamping and machining.
Information can be obtained from Dow
offices at 30 Rockefeller Plaza, New York
20; Field Building, Chicago 3; and 634 |
S. Spring Street, Los Angeles 14.

all ANDREW equipment.<Dasig

’ ANDREW CO. electronic equipment is used the world over wherever specialized
apporatus s needed, -

(1)

)
5]
)
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TYPE 40A PHASE METER—This direct reading, precision instrument measures in
degrees the phase angle between currents in radiating elements of a directional
antenna sysfem. It operates on a signal input of only 200 millivoits and may
also be used for general laboratory work.

TYPE 291 HF OSCILLATOR—This porfable battery operated oscillator is used for
checking high frequency receivers, especially aircraft type. The frequency range is
from 49 1o 154 Mc, with modulation frequencies of 70, 90, 400, 1300 and 3000
cycles. This unit contains o collapsible whip anlenna for checking receivers without
direct connections, and provides 2 coaxial terminals for low and high level output.

TYPE 708 REMOTE ANTENNA AMMETER —This unit contains a diode rectifier with
a DC micro-ommeter culibrated in RF amperes, and is used for indicating an-
tenna current at o point remote from the antenna. This instrument is used by
hundreds of broadcast stations.

TYPE 760 ANTENNA TUNING UNIT—This is used for coupling several antennas
into a single receiver, ar for coupling a single antenna into a number of receivers.
Containing six RF amplifiers with an associated power supply, each amplifier
stage in this unit has low impedance input and output circuits. These may be
series connected for use with a single receiver or antenna. This equipment is
especially useful where antennas are remotely located from raceivers.

Sond In your orders now so that you
may recelve early delivery as soon
as military restrictions are lifted,

ANDREW CO.

363 East Seventy-fitth Street, Chicago 19, lllinois

World Radio Histo



SEND FOR THIS

RESISTOR DATA

For the convenience of designers of products
requiring resistors, Ward Leonard offers
this new Resistor Handbook. It describes in
detail the full line of wire-wound resistors
giving complete information on mountings,
enclcsures, terminals and resistance values.

-
war sones &
*k 5 ¥

W rite for your copy today.

ENGINEERS

FOR DESIGN WORK
ON RADIO RECEIVERS,
AUDIO AMPLIFIERS,
TELEVISION

Men with substantial expe-
rience wanted, preferably
those having Degrees in
Electrical or Communications
Engineering. Write, giving
details of experience and
salary expected, to:

FREED RADIO
CORPORATION

Makers of the Famous Freed-
Eisemann Radio-Phonograph

200 HUDSON STREET
NEW YORK 13, N. Y.

84

RELAYS « RESISTORS « RHEOSTATS

Electric control @ devices since 1892,

WARD LEOEARD, ELECTRIC CUMPANY, 30 SOUTH ST., MOUNT VERNON, N. Y.

ENGINEERS WANTED

Here’s an opportunity to join one
of America’s largest manufacturers
of electronic and communications
equipment.

Radio
®Electrical
Electronic

Industrial

{Job evaluation}

*Mechanical
*Factory Planning
Mcterials Handling

Manufacturing Planning
Work in connection with the manufacture
of a wide variety of new and advanced
types of communications equipment and
special electronic products,

Write giving full qualifications,

or apply to:

R. L. D., EMPLOYMENT DEPT.

Western Electric Co.

100 CENTRAL AYV.

® Also: C, A. L.
Locust St. Haverhill, Mass.
Applicants must comply with WMC regulations

KEARNY, N. J.

e They were mighty tough before
Pearl Harbor, and they are now
still tougher, these Type *“05”
Berovox oil-filled Xmitting ca-
pacitors, because of their service
on many fighting fronts. You'll
have these heavy-duty capacitors

available for your bigger and
better “ham” rigs or electronic
assemblies just as soon as Uncle
Sam releases them for your use.
Remember Aerovox 05" Hyvols.

cw" 3 (3 A 4. P
pacitors.
Reinforced round metal can. Hyvol im-
pregnant and fill.
600 to 3000 volt D.C.W. ratings. Capaci-
tance ratings from 1.0 to 4.0 depending on
volhqe

f inals with

rubber bnkehte P lain pillar i
lug and locking nuts.

Adjustable mounting ring for upright or
inverted mounting.

d, oil-filled ca-

“double
lat

® Ask your jobber about these Berovox
08" Hyvols now available on suitable
priorities, but generally available after
V-day.

~ INDIVIDUALLY TESTED

AEROVOX CORP., NEW 3EDFORD, MASS., U. S. A
In Canaca: AEROVOX CANADA LTD., HAMILTON, ONT.

Export: 13 E. 40 S, New Yorx 16, N.Y - Cable: "ARLABR’
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(CONTINUED FROM PAGE 28)

estimate is issued, probably late in June,
monthly production figures will be con-
siderably under $200,000,000.

Dr. Leroy D. Weld: Professor of physics at
Coe College, Iowa, has joined the Turner
Company, microphone manufacturers, as
director of research, heading a program
of military and postwar product develop-
ment.

Correction: Last month, it was stated in
this Department that the I.B.M. Radio-
type machine operates at 150 words per
minute. Mr. A. C. Holt, assistant general
manager of I.B.M.’s Radiotype division,
advises that the rated speed of this equip-
ment is 100 words per minute. This error
came about through confusion with the
150-word speed of I.LB.M. electric type-
writers, on order for our editorial office.

Murray G. Croshy: Research engineer at RCA
for the past 20 years, has joined the
consulting firm of the Paul Godley Com-
pany at Upper Montclair, N. J. Widely
known for his work on the reactance-tube
method of frequency modulation, he will
specialize on point-to-point, airborne, and
multiplex communications and FM prob-
lems, relay and satellite stations, tele-
vision, and facsimile.

WPB Contradiction: While someone at WPB
was assuring the FCC Commissioners that
they would be given a 90-day advance
notice of any new prediction concerning
the resumption of civilian radio manu-
facture, and that, therefore, no embarrass-
ment would be caused the radio industry
by postponing the assignment of FM
broadcast frequencies, a bulletin was is-
sued under WPB Chairman Krug’s name
warning that: “Army and Navy war
production schedules are currently being
lowered and contracts terminated. Such
a major withdrawal of Government pur-
chases from the market poses a major
problem.”

Chairman Krug continues with this
quotation from the 8rd Annual Report of
the Senate Committee Investigating the
National Defense Program: ““If the home
economy is permitted to weaken and lose
the resiliency necessary for quick and
successful conversion to peacetime oc-
cupations, it will not be able to provide
employment for soldiers and war workers
when they are released from their present
tasks. Should unemployment and business
depression gain headway before the major
task of readjustment has even begun, the
difficulties of reemployment will be much
greater.”

This bulletin lists the various present
job classifications and the number em-
ployed in each. The classifications are
then grouped to show which will or will

(CONCLUDED ON PAGE 86)

Precision engineered for brilliant performance in-
doors or out under the most difficult acoustic or climatic
conditions, the New Turner 211 Dynamic combines
rugged dependability with distinctive, modern styling.
Utilizes a new type magnet structure and acoustic net-
work. Unique diaphragm structure results in extremely
low harmonic and phase distortion without sacrifice of
high output level. Standard equipment with l¢ading
electronic communications manufacturers wherever
faithful reproduction is paramount. Write for technical
data and descriptive literature.

Turner Performance
* for Every Communications Need

There is a Turner Microphone for every electronic com-
munications application, Get the full story of Turner
performance. Write today for illustrated catalog giving
descriptive data on all Turner Microphones for Record-
ing, P.A., Call System, and Amateur and Commercial
Broadcast work.

The TURNER COMPANY
906 17th St., N.E., Cedar Rapids, Iowa

.- PIONEERS IN THE COMMUNICATIONS ryp; 5
Crystals licensed under pﬂnﬂ%

ol the Brush Development Co. CRYSTAL

DYNAMIC
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® Try DALIS “"KNOW-HOW" to
avoid those expediting headaches.
Here's an outstanding stock of
radio-electronic parts, materials,
equipment — at your call!

And DALIS has the well-trained |
organization, long experience and
exceptional factory connections
that deliver hard-to-get items, in a
hurry. A dependable source of
supply since 1925. An indispen-
sable source, today.

=

- /a II-S/
/ ——Z /‘ ¢ ﬂ/;'c(’/

Try DALIS — just wire,
'phone or write . . .

1. DALY

Wholesale Distributors
RADIO-ELECTRONIC SUPPLIES & PARTS
17 Union Square

NEW YORK 3, N. Y.

Phones: Algonquin 4-8112-3-4-5-6-7

SPOT NEWS NOTES

(CONTINUED FROM PAGE 85)

not be affected by military contract cut
backs. Under the heading “Jobs Most
Likely to Be Affected by Cutbacks™ is
the item

Ordnance & Signal Equipment
1,800,000 workers

Yet, in spite of this warning and the
information from the assistant director

| of the WPB Radio & Radar Division that

the outlook on military production heyond
the next four months is “uncertain.”
someone in WPB advised the FCC that
nothing would be lost by spending the
summer on FM propagation tests, thereby
postponing indefinitely the allocation of
FM broadcast frequencies upon which
depend the initiation of plans necessary
to assure employment to factory workers

[ and veterans after the Pacific War reaches

its concluding phase.

25 Years’ Growth: When RCA was organized

| in 1919, it began operations with 457 ¢mn

ployees. That number has been increased
during the war to 388,000, of which 51¢;
are women. Gross business during the first
year was $2,000.000, compared to the 1944

[ volume of $326,000,000. Net profit, after

taxes, for the 25-year period totalled
$123,000,000, from which $80,000,000
have been paid in eash dividends. Of the
$40,211,000 gross profit in 1944, the sum
of $29,948,000 will be paid in taxes, leav

| ing $10,263,000 available for dividends

to stockholders.

It is interesting to note that RCA has
never sold stock or bonds to the public,
Most of the stock outstanding was issued
in payment for manufacturing plants,
communications properties. patent rights,
or assets acquired from other companies.

RCA’s unfilled orders on April 1st,
1945 totalled approximately $180,000,000
compared with $300,000,000 on April 1st,
1944. This is a decrease of about 40¢ .

D. D. Jones: For the past six years a mem-
ber of the engineering department at
CBS, has been appointed assistant chief
engineer of Tech Laboratories, 337 Cen-
tral Avenue, Jersey City 7, N. J.

Draft Deferment: No more certifications of
radio and radar workers as essential em-
ployees for draft purposes will he issued
by WPB, the Army, or the Nuvy.

Timothy E. Shea: Formerly chief engineer of
the Electrical Research Products division
of Western Electric, and for the past four
years director of rescarch for the Colum-
bia University Division of War Rescarch
under NDRC, has been appointed super

[ intendent in charge of manufacturing at

Western Electric’s vacuum tube shop in

| New York City.

.. WINCHARGER

TOWERS
ror STATE POLICERaoso
mwoF M. SYSTEMS

For their outstanding Racio
Communication System, the
New Jersey State Polics use
Wincharger Towers exciu-
sively as supports for F-M
Antennas. They and kun-
dreds o!f other statioens in
all types of broadcasting
know that they depend on

e
E2Y
B

Wincharger :or ---
8 ; 4 % Strong, Clear Signals
o3 % Low Initial Cost
F;ﬂ % Pleasing Appearance

% Low Maintenance

Immediate deliveries on suit-
able priorities. Wr:te os wire
for full information.

Y
FOR Wic o

VICTORY * -

WINCHARGER €O
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NUMBER ONE OF
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A SERIES

DC means SC. ..
Selenium Control and
Selenium Conversion for
the practical, profitable
performance planned by
top flight design engi-
neers. Selenium provides
maximum efficiency . . .
unlimited life...negative
temperature coefficient...
and other characteristics
necessary to solve the
electronic problems of
tomorrow . . . That’s why

DC means SC.

SEND FOR
BULLETIN

SELENIUM CORPORATION
of AMERICA

1719 WEST PICO BOULEVARD

LOS ANGELES 15, CALIFORNIA

EXPORT DIVISION: FRAZAR & HANSEN

307 CLAY STRIEY, SAM FRANCIICO CALK

IN CANADA: BURLEC LTD., TORONTO 13, ONTARIO, CANADA

ENGINEERING SALES

(CONTINUED FROM PAGE 8)

RCA: Has appointed Modern Radio Supply
Company, San Antonio, Texas, as distrib-
utor of tubes, test equipment, replacement
parts, and sound equipment. This firm,
headed by Walter R. Retzloff, operates
branches at Corpus Christi and Harlingen.

Sonora: Seven hundred dealers, assembled
at Hotel Pennsylvania, were promised
that Sonora is ready for civilian produc-
tion. To overcome expected shortage of
cabinets and components, Scnora has
acquired the Sterling Wood Manufactur-
ing Company and the Electranic Parts
Manufacturing Company.

Westinghouse: Has appointed the follow-
ing men as managers of Westing-
house Supply Companies: Charles R. Lee
at New Orleans; C. M. Reynolds at
Corpus Christi; and L. J. Clay at San
Antonio. B. A. Rowan has been named
radio sales manager for the northern
district, with headquarters at the West-
inghouse Supply Company, Milwaukee.

Lear: New Factory representatives are
Ernie Camos for the St. Louis area; Frank
Russell for the Baltimore, Washington,
Philadelphia area; William R. Connors for
the Denver and Rocky Mountain area;
Allen Dunlap for the State of Ohio. Added
distributors are Wood Distributing Com-
pany, Little Rock, and Approved Ap-
pliance Company, Indianapolis.

Stromberg-Carlson: Padgett Distributing
Company, 409 Bullington Street, Dallas,
will handle the S-C line in 88 counties
adjacent to Dallas and Fort Worth, and
in 4 parishes comprising the Shreveport
area.

Stewart-Warner: Philadelphia Distributors,
Philadelphia, will handle the S-W radio
line in eastern Pennsylvania, southern
Jersey, and northern Delaware. Company
is headed by Al Hughes and Harry Ellis.

New Zealand: Radio Corporation of New
Zealand, 80 Courtenay Place, Wellington
C3, the Hytron distributor in that coun-
try, is interested in receiving catalogs and
prices on small components suitable for
midget receivers and hearing aids.

Lear: E. B. Latham & Company will handle
Lear home radios in Greater New York,
including Westchester, Nassau, and Suf-
folk counties. Latham was an early and
very successful distributor of radio sets.
Before the war, however, the Company
turned down offers from several manu-
facturers to take on some excellent lines,

Westinghouse: L. E. Septer, former assist-
ant sales manager of Kenrad’s replace-
ment tube division, has returned to
Westinghouse as manager of replace-
ment tube sales for the home radio divi-
sion, He will make his headquarters at
Sunbury, Pa.
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No. 1 Rule:
for a

Better Job and Secure Career
in Radio-Electronics

Add CREI Technical Training to

Your Present Experience—Then Get

That Better Radio Job You Want—
Enjoy Security!

Thousands of new men have joined the ranks of the

radio industry during the war. Now, and after final

peace, even more thousands will return from the armed
forces. Competition for the hetter technical jobs will

| return. Where will you fit into this picture?

|

If you are wiee, you will look ahead and prepare for the
good-paying jobs in radio-electronics and industrial elec-
tronics. Every man in radio today has the opportunity
to see the amazing developments that are taking place,
as well as the unlimited opportunities available to men
with modern technical training.

It is up to you to decide if you will be a "screwdriver™
mechanic or a real in a responsibl gi -
ing position.

CREI can help you prepare by providing you with a
proved program of home study training that will in-
crease your technical ability and equip you to advance
to the better-paying radio jobs that offer security and
opportunity. CREI home study courses provide you
with up-to-date technical training, covering such im-
portant basic principles of modern, practical radio-
electronics engineering as: U.H.F. circuits, cavity reson-
ators, wave guides, Klystrons, Magnetrons and other
tubes? U.H.F. as well as all other basic principles of
modern, practical radio-electronics engineering are cov -
ered in CRE] home study courses.

The facts ahout CREI and what it can do for you are
printed in a 36-page booklet. It is well worth your read-
ing. Send for it today.

@ WRITE FOR NEW,
FREE 36-PAGE BOOKLET

If you have had professional or omateur
radio experience and want to make
more money—Ilet us help you qualify
for a better radio job. TELL US ABOUT
YOURSELF, so we can intelligently plan
a course best svited for your needs.—
PLEASE STATE BRIEFLY YOUR BACK-
GROUND_OF EXPERIENCE, EDUCA-
TION AND PRESENT POSITION.

CAPITOL RADIO
ENGINEERING INSTITUTE

Home Study Courses in Practical Radio-Electronics
Engineering for Professional Self-Impr t

3
;'n.&::

Dept. F-6, 3224 —16th St., N. W,
WASHINGTON 10, D. C.

Contractors to the U.S. Navy — U.S. Coast Guard
Canodian Broad ing Corp. — Producers of
Woeli-trained Technical Radiomen for Industry
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Reading ond Writing and FM.

FM STATION WNYE

Owner and Licensee — Board of Education,
City of New York

Frequency: 42.1 megacycles ¢ Input to finol omplifier: 1.67
KW o Antenna output: 1 KW ¢ Type of tronsmitter: RELS18 DL

Stotion WNYE hos been in successful operation since 1941.
REL equipment played an important part in the installation of
this educationol station.

Schools and colleges are rapidly recognizing the value casting to the highest degree of efficiency. Proof of the
of FM broadcasting as en effective channel for ex- excellence and reliability of REL equipment is con-
tending their daily work into millions of homes. tained in the operating records of many FM stations of

1 KW, 3 KW, 10 KW and 50 KW power.
REL, pioneers in FM educational broadcasting, have

developed transmitting equipment for FM broad- When planning for FM transmission, go first to REL!

SALES REPRESENTATIYES

Michigan Midwest Pacific Coost
M. N. DUFFY & CO., INC. REL EQUIPMENT SALES, INC. NORMAN B. NEELY ENTERPRISES
2040 Grand River Ave., W., Detroit, Mich. 612 No. Michigan Bivd., Chicago, lll. 7422 Melrose Ave., Hdlywood 46, Cal.

PIONEER MANUFACTURERS OF FM TRANSMITTERS EMPLOYING ARMSTRONG PHASE-SHIFT MODULATION

RADIO ENGINEERING LABS., INC.

[m?/ W@, N.Y.

RUMFORD PRESS
CONCORD. N H.
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Here — in addition to hundreds

of other tough areas throughout

the country, Lin/ units excel in:
-f

ENGINEERING - DESIGN
PERFORMANCE -  QUALITY

GUARDING THIS AREA

9 % 18 Link

Plus EQUIPMENT

BY pae[eaaed’ CHOICE—

.Ziﬂé /eac&-a Wde&d« t'lt. in this most important
i seaport and gateway of
Metropolitan Area the world . . .
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ENGINEER MANUFA.CTURER PREFERRED 4” RADIO

Fred M. Linlc COMMUNICATION EQUIPMENT

MANUFACTURED UNDER LICENSE OF TME
125 WEST 17th STREET . NEW YORK 11. N. Y. ., ARMSTRONG PHASE SHIFT MODULATION PATENTS






