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1S YOUR HAT IN
THE TELEVISION RING?

Television promises unprecedented profit and

prestige to men of vision and energy. Tele-
vision will be tomorrow’s highroad to local and

national leadership.

If you plan to toss your hat in the Television
ring, arrange now to assure both early postwar
delivery of your telecasting equipment and the
proper training of your Television station’s
operating personncl. Both equipment and staft
training are provided for in DuMont’s Equip-

ment Reservation Plan.

DuMont-engineered telecasting equipment has

rugged dependability and practical flexibility;
will be designed for economical operation and
is realistically priced. These facts have been
spectacularly demonstrated by more than 4
years’ continuous operation in 3 of the nation’s

9 Television stations.

Furthermore, a pattern for profitable station
design, management and programming has been
set at DuMont's pioneer station, WA BD New
York ...a pattern and backlog of Television
“know-how”" which is available to prospective

station owners. Call, write or telegraph today.

Copyright 1945, Allen B. Dumont Laboratorics, Inc.

ALLEN B. DUMONT LABORATORIES, INC.. GENERAL OFFICES, 2 MAIN AVL., PASSAIC. N. J.
TELEVISION STUDIOS AND STATION WABD. 515 MADISON AVENUE, NEW YORK 22, N. Y.



NATIONAL RECEIVERS ARE THE EARS OF THE FLEET
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TELEVISION—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

any government agency or private
concern in war work. Moreover,
we look forward to solving many
of the most difficult 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
tomorrow.

Why ANKOSEAL
solves cable problems

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

THE ANSONIA ELECTRICAL COMPANY
Specializing in "Ankoseal’ a Thermoplastic Insulation' ¢ =
ANSONIA ¢ CONNECTICUT \@ﬂ}$
A Wholly-Owned Subsidiary of

NOMA ELECTRIC CORPORATION
GENERAL OFFICES « NEW YORK, N. Y.

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

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

2 FJM Anp TELEVISION
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THIS MONTH’S COVER
FCC Chairman Paul A. Por-

ter will be remembered as the
man under whose administra-
tion the Commission arrived
at the right —or wrong —
answer on FM broadcast fre-
quencies. ‘The wisdom or error
in the final decision will even-
tually be known to all, and
there will be no way to cover
up a mistake, if one is made
now, We shall have to live
with that decision, for better
or worse, a long, long time.
And because Chairman Porter
knows this, it is certain that
he will search the records dil-
igently to find the truth.
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SURCO-AMERICAN PLASTIC TUBING

.« . holds its round shape, layer by layer, all the
way from the core to the outside of the spool, what-
ever the size of the tubing. Surprenant's specially
constructed spools, pre-winding treatment, and the
method of winding are exclusive features.

Our own formulations are laboratory tested to
meet every possible condition and specification, as
for example: high frequency, non fogging clear
tubing with a low power factor—or non fogging
tubing either clear or in any color with temperature
resistance from 80°F to plus 295°F—or non fogging
tubing, clear or in any color, also temperature resist-
ant, with dielectric strength which averages 1500
volts per mil. thickness—or tubing especially resistant
to abrasion—or semi-rigid tubing—or a nylon formu-
lation. These are but a few. Ask us to match your
; own specifications.

"Surco-American” tested products also include
plastic insulated wire, #12 to # 48 A.W.C., insulating
tape, and special tubing. Request complete technical
data. Address. Dept. R.

ELECTRICAL INSULATION CO.

84 Purchase Street Boston 10, Mass.
io Histo! 3




The Case Tests

QUALITY 2
CONTROL

Careful control of quality in essential parts is good in-
surance for smooth flowing production and for a high
calibre product.

Thus Deep Drawn, Seamless Steel Cases, an essen-
tial part of many Chicago Transformers, are subjected
to precision checks for case dimensions, pull tests for
strength of spot welds in internal mounting structures,
and inspection for electro-plating thickness with care-
fully timed acid erosion.

By this type of Quality Control, applied in every
phase of manufucture, uniformity of parts is maintained
and high standards of quality in finished Chicago

Transformers is assured.

CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION

3501 WEST ADDISON STREET
CHICAGO, I8

TRADE MARK REG

1. M Broapcast
FREQUENCIES
2. PHILCO SERVICE

1f any controversial subject is dis-

1. cussed long enough, not only is the
whole truth bound to come out in the end.
but also the nature of the aims and pur-
pose which animate those who take part in
the controversy. So it is seen to be in the
matter of FM frequencies.

" Until after the seceret FCC hearing on
this subject, held March 12 and 13, those
who were concerned with the rapid post-
war development of FM as a superior
means of broadeasting and of maintaining
uninterrupted  employment in the in-
dustry were still confident that the Com-
missioners were at great pains to bring ont
all pertinent information and data on FM
propagation, to the end that the per-
manent frequency assignment would make
immediate and most effective use of FM's
capabilitics in the service of radio listen-
ers.

If that is still the case. it is certainly
not confirmed by the record at this time of
writing. Iere are the facts as they appear
to this observer:

Before the Oral Argument. February 27
to March 1. it was announced that serious
crrors had been found in the Norton testi-
mony, on which the FCC had based its
proposal to move FM frequencies to 8+
102 me. Did the Commissioners plan to
aceept this new information as a possible
reason for reconsidering their proposal to
make a drastic change in the FM band?
Or was Mr. Norton prepared to make a
frank adnission of his mistakes, and to
revise his conclusions in conformity with
the facts?

Apparently not. Apparently it was
decided that if an admission of error
should be forced upon Mr. Norton by
further cross-examination, the record
would be concealed for some indefinite
length of time. It is hard to draw any
other inference from the record because:

Prior to the Oral Argument, when new
testimony was to be offered showing the
errors in the method by which Mr.
Norton reached his conclusions, Mr.
Norton prepared a statement to be read at
the Oral Argument. He said: ‘“Unfor-
tunately, due to security reasons, 1 will
not be able to discuss in much more
detail at this time the basis for the
conclusions which 1 reached relative to

(CONTINUED ON PAGE 82)
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Published in the Interests of Better Sight and Sound
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1945

Muovature Pentode
Designed Jor Usc
I UHF Cirenits

Tube Type 6AKS. a new addition to Syl-
vania Electric’s line, is a miniatove sharp

cut-off pentode in the shovt bulb, and is |

especially suitable for use in ultra high

frequeney equipment. Small <ize and high
eficieney  make it useful in portable
cquimnent.

Full techimical information may he ob-
tained from Svlvamia Eleetrie.

SYLVESTER SURVEY
>N oy g

“Would vou say your postwar radio )

choice would be the large console tvpe
or the smaller, table-top maodel?”

( )scill()O'ral)hiC Techni(lue Traces
Tube Performance m New Runons

Method D(’ww’d by b\‘/zwum

1Irows New

The measurement of tube characteristics
in regions where previous test methods

were inapplicable has been made possible
by Svlvania
of a new procedure. based on
an oscillographic trace.

EARLIER METIODS
Formerly. tube characteristics were taken
by a point-hy-point method. This was ex-
tremely slow. and had the <till greater
disadvantage that it could be used only
in those parts of the characteristics where
the tube would not be damaged by con-
linuous operation, In many recent appli-

through the development.
Eleetrie.
phiotographing

Electric

10/11‘ on Characteristics

cations. characteristics must be known in
regions where a plate or grid would
vaporize if left on for even a second.

PHOTOGRAPHIC RECORDING
The new techuique permits taking of
characteristies in these regions, The oscil-
lographic trace of the characteristies is
shownonaspecial Sylvania 7-inch cathode
ray tube, and may be photographed.

Improved tubes and circuits are ex-
pected to result from the use of the new
method. equipment for which was built
in Sylvania Electric’s Commercial Engi-
neering Laboratory.,

SYLVANIAN ELECTRIC

SYLVANIA ELECTRIC

PRODUCTS INC., Emporium, Pa.

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

April 1945
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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 frequencies 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 multiplier 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 Tﬁen 7¢4tut¢5 H

EXTREME ACCURACY | within
0.25% of Irequency measured.

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

STABILITY . . . no temperature drift
after initial 3C 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 fre-
quencies above the range being
measured.

SIMPLE — LIGHTWEIGHT — COM-
PACY .. .only 3 tubes—6N7 multi-
vibrator, 6V6 amplifier, 6X5 rectifier.
Weighs only 6 lbs. ... electronic
unit 512" x 6” x 454”; meter meets
JAN-1-6 mounting dimensions for
314" instruments.

20 WATT POWER CONSUMPTION

...derived from fre-
quency source being
measured. £

(Manufactured under Triplett Patents and/or Patents Pending)

J-B-T INSTRUMENTS, INC.

473 CHAPEL STREET ¢ NEW HAVEN 8, CONNECTICUT

~
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108 SERIES % /ﬂ%‘e’d

TYPE ]08-8 two-stage Amplifier

provides transformer input impedances
for either 30 or 250 ohms with nominal
output impedance 500 or 8 ohms. Var'-
able goin 65/105 db. with electronic
volume control. Frequency response bet-
ter thor =1 db. 30/| 6,000 ¢.p.s. Power
output +43 V.U. (20 watts) with less
thon 5% RMS harmonic content. Noise
leve! fuil gom 56 db. below full outpur.

THE ]08 SERIES consist of four different amplifiers available simply by changing one or two small

input panels on the master chassis. Except for these input panels all amplifiers have the same transmission

characteristics. Input impedance, gain and noise level depending on types listed below.

These units are designed forthe highesttype audio service having gain-frequency characteristics betterthan
=1 db. 30/16,000 c.p.s. Power output +43 V.U. (20 watts) with less than 5% RMS harmonic content.

TYPE ]08-A two-stage Amplifier provides transformer input for
eithes 600 ohm or bridging. 600 ohm input fixed gain 61 db. Bridging
input variable gain 6/46 db. Noise level 68 db. below full output

TYPE 108-8 as illustrated and described above.

TYPE ]08-( combines the input channels of the 108-A and 108-8
Amplifiers. Channel 1—600 ohm input variable gain 2q60 db.

Bridging input variable gain 1/42 db. Channel 2—high gain 30/150
ohm input variable gain 61/]02 db. with electronic volume control.

Noise level 56 db. below full output.

TYPE 108-0 two-channel each 30/250 chm input. Either channel
variable gain 62/102 db. with electronic volume consrol. Noise level

56 db. below full output.

MOUNTING ACCESSORIES

TYPE 202-A wall Mounting Cabinet permits universal installation of 108 Series Amplifiers

to any flat surface. Well ventilated and designed for maximum accessibility, servicing and

convenience of installation. Standard aluminum gray finish.

TYPE 9-A modification Group permits 108 Series Amplifiers to mount on stendard 19"

telephone relay rccks. Occupies 7" rack space Allows servicing from front of rack.

Standard aluminum gray finish.

The Langevin Company

INCORPORATED

SOUND REINFCRCEMENT AND REPRODUCTION ENGINEERING

NEW YORK
37 W. 65 s, 23

SAN FRANCISCO
1050 Howard St.

LOS ANGELES
k] 1000 N. Seward St, 38
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MOSSMAN
SERIES 4200

A Light, Compact
MOSSMAN LEVER SWITCH

For Transmitting Equipment

The light weight and compact size of the Series 4200 Mossman Lever
Switches make them excellent components for radio equipment.

Frame of the Series 4200 Mossman Lever Switch is of zinc or aluminum
die casting. Design and materials used make it a rugged, positive-
action switch, light in weight and attractive in appearance.

Latch plate is of highly polished chrome plated brass with threaded
stem on which o plosfic handle is secured. Detent mechanism consists
of o stainless steel spring, which exerts pressure against two free rclling
stainless steel balls located in a nickel plated brass tube inserted and
staked in the tunnel of the switch frame.

The Series 4200 Mossman Lever Switch is available as either a two or
three position switch {locking or non-locking) and in an almost unlimited
series of combinations of contact assemblies built to suit specific require-
ments. Contact ratings: Standard heavy duty—5 amperes, 110 vclts
A.C. (non-inductive), ¥&” diameter fine silver. Extra heavy duty—10
amperes, 110 volts A.C. (non-inductive), 3/16" diameter fine silver.

Like all Mossman Electrical Components, the Series 4200 Lever Switch is
precisely constructed of highest quality matericls. Send for catclog
giving complete descripiion of the many types of Mossman heavy duty,
multiple circuit lever switches, turn switches, push switches, plug jacks
and other special switching components.

BASIC CONTACT FORMS — j
— —_ i = =]

o 4 : ! :
o fam— ) ¥ ¢; Sammnay - ¢ J—

PORM A FORM B oM ¢ rorm ¢ - FORM D FORM &
Single Pole Mate Single Pole Srect Single Pole Dovble Throw Single Pole Double Mobe Belore Sreab Srvoh.Mobe.Sreat
Theow Open Neutes:

DONALD P. MOSSMAN, Inc.
612 North Michigan Avenue Chicago 11, lllinois

MOSSMAN

Holfman: Will he represented in Honolulu
by Tommy Kearns, radio and appliance
distributor in the Islands for the last 20
vears. Arizona Wholesale Supply Com-
pany will handle Hoffman sets in Arizona
and in the Las Vegas, Nev., and Needles,
Calif. areas.

Benwood Linze: Has opened a New York of-
fice in the Graybar Building, 420 Lexing-
ton Avenue. H. S, Dahl. for the past 10
vears a specialist in metallic rectifiers, will
be in charge.

Westinghouse: Times Appliance Company,
Inc., which introduced Westinghouse sets
in N'cw York nearly 24 vears ago, has been
appointed exclusive distributors for the
postwar line in the 5 boroughs of New
York, and Nassau, Suffolk, and West-
chester counties.

Utah: Robert M. Karet, sales manager of
Utah’s wholesale and sound divisions, has
completed a trip from Spokane to St.
Louis, giving demonstrations of a new
wire recorder at jobber's and servicemen's
meetings.

Motorola: York Automotive Distributing
Company, Inc., 83 W. 60 Street, New
York City, has changed its name to
Motorola-New York, Inc. A branch at
177 Central Avenue, New Jersey, will be
known as Motorola-New  Jersey, Inc.
There will be no change in officers or man-
agement. Motorola sets will be distributed
by this organization in New York coun-
ties of New York, Kings, Queens, Rich-
mond, Suffolk, Nassau, and Westchester,
and in the Jersey Counties of Monmouth,
Mercer, Middlesex, Somerset, Hunterdon,
Union, Morris, Sussex, Passaic, Essex,
Hudson, Warren, and Bergen.

For .Arkansas, Motorola has appointed
Home Appliance Distributors, 600 W, 7th
Street, Little Rock.

Stromberg-Carlson; Has appointed Midwest-
Timmerman Company, Davenport, la,
as distributor for lowa, and parts of
Nebraska, Hlinois, and South Dakota.

In the Hawaiian Islands, the line will be
handled by Electrical Distributors, Inc.,
of Honolulu.

Bendix: The following additional distribu-
tors have been appointed for the Bendix
radio line: Alford’s Wholesale, Albuquer-
que, New Mexico, for all the state except
ten southern border eounties; Gunn Dis-
(CONTINUED ON PAGE 78)
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Using Strength. Lightness, Wearing Qualicy

TRENGTH, light weight and wear-re-
S sistance make Synthane laminated
highly desirable for retainers in high
speed ball bearings . . . and an excel-
lent example of putting plastics where
plastics belong.

[ you haven’t used plasties at all or
to the fullest extent, if you are not
certain which of the many plastics fits

into your I)ldlls c e O W lll‘[‘(‘ « s . O

why . . . or what the cost will be . . .
ask us to help you, preferably before
vau design.

This way, if Synthane is the answer
to your needs, you can be sure of de-
sign and material not only right for the
application but right for fabrication.
Should you, in addition, want us to
take over fabrication, you can be sure
your parts will be produced by men

who know machining of plastics, work-
ing on machines fitted especially for
plasties. For your whole job or any part
of it—design, materials or fabrication
—remember Synthane. Tt will give you
a real sense ol satisfaction to know
whether the job can be done, how it
can be done, how long it will take to
produce aml how moch it will cost.
Synthane Corporation, Quks, Pa.

SYNTHANE TECHNICAL PLASTICS \% DESIGN - MATERIALS - FABRICATION

g =

e O 8 2 [ SYNTHANE]




AND NOW...the General Electric

Television by wire for
business, education

and industry

The G-E Intra-Tel system can make a store
the show place of a community. With it, it will
be possible to televise and transmit living pic-
tures throughout the store and in display
windows. It is a new sales power that will in-
crease customer traffic on every floor and in

every department.

Eom the television laboratories of
General Electric has come a powerful
new selling aid for business, a dynamic
medium for education, an effective tool
for industry. It is G-E Intra-Tel—a
television-by-wire system that can
carry high-quality pictures and sound
and reproduce them anywhere within
the range of the system.

® Intra-Tel has great potentialities. In
merchandising it can increase store
traffic. With an Intra-Tel system dy-
namic demonstrations can be displayed
simultaneously on every floor and in
show windows. In education, the Intra-
Tel system can bring special demon-

CSMTW

strations, lectures, and motion pictures
to every classroom. In industry the
Intra-Tel system can provide the
means for coordinating activities
throughout a plant, observe production
progress, to peer into inaccessible places
or to observe extremely hazardous
operations. The Intra-Tel system uses
no transmitter and its installation thus
requires neither FCC license nor gov-
ernment approval.

® A G-E Intra-Tel system includes one
or more portable pickup cameras, one
or more sound microphones, and a con-
trol and monitoring console. The entire
system is designed so that both picture

GENERAL@ELECTRIC

DEPARTMENT STORE

and sound are fed by cable to any
number of home-type or display re-
ceivers. If desired, a motion picture
projector and film pickup camera can
easily be added to the system. Provi-
sion can also be made to link the sys-
tem to any outside local television
broadcast station by means of coaxial
line or by radio relay.

® Fordetailson G-E Intra-Tel systems
and television broadcast systems, see
your G-E broadcast equipment repre-
sentative, or write for the booklet
“Television Broadcasting Post-War,”
Electronics Department, General
Electric, Schenectady 5, N. Y.

180-01-4012




CAMERA OUTLETS

Relay Transmitter

(Optional)

h';\'0 Control - Room Equip-

ment

Picture and Sound
Pickup Equipmant

MICROPHONE OUTLETS

] : Camera and Micro-
N (Ca . phone OQutlets

Y
{ < _ 7 Display Receiver
3 Outlets

DISPLAY PROJECTOR QUTLETS

VIDED CUTPUT TO CCAXIAL LINE QR S-T TRANSMITTER

A typical G-E Intra-Tel system. With the
Intra-Tel system, portable television cam-
eras and sound microphones can be operated
from any place in store or plant. Pictures
and sound picked up by cameras (1) and

Plan to visit General Electric’s great televi-
sion proving ground — WRGB at Schenectady.
Every Wednesday and Friday are “open
house’’ days. Write for the folder, ‘““How to
get to Schenectady,” or see your local G-E
broadcast equipment representative.

microphone with microphone amplifier (2)
and (3) are fed by cable to the control
and monitoring console (4). Outlets at the
console make it possible to feed picture
and sound signals by cable to any number of

Establish a delivery priority now on your
future television equipment. General Electric
offers you the “G-E Television Equipment-
Reservation Plan.”” Write for your copy. It
explains how you can assure yourself early
delivery of your television equipment.

display receivers (5). Amplifiers and pulse
generator (6) maintain signal levels and
synchronize scanning, respectively. Film
projector (7) is used for motion pictures.

Hear the G-E radio programs:*‘The World
Today’ news, Monday through Friday,
6:45 p.m., EWT, CBS. “The G-E All-
Girl Orchestra,” Sunday 10 p.m., EWT,
NBC. “The G-E House Party,” Monday
through Friday, 4 p.m., EWT, CBS.




“The following is electrically transcribed. .

*q Bger Suds, SuperSuds,

{ots more suds...” )

To any modern youngster or her Mommy, the Super
Suds jingle is as familiar as the works of Mother Goose.
In two years, this merry snatch of song has proved
itself a commercial with ‘“super-do”—lilting its way
into the musical memory of America, and, incidentally,
selling a whacking big heap of suds.

Super Suds “spots” are cut on PRESTO discs.

on PRESTO discs!

Most important transcriptions are. For recording
engineers 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
broadcasting stations, recording studios and research
laboratories, the standard recording disc is a PRESTO.

WHY BROADCASTING STUDIOS USE MORE PRESTO DISCS THAN ANY OTHER BRAND

No Distortion

Less Surface Noise

WORLD’S LARGEST MANUFACTURER
OF INSTANTANEOUS SOUND
RECORDING EQUIPMENT

AND DISCS
12

Easier on Cutting Needle

PRESTO

RECORDING CORPORATION

No Fussy Needle Adjustments

242 West 55th Street, New York 19, N. Y.
Walter P. Downs Ltd., in Canada
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€CD-604, CD-605 TRANSFORMER-CORD SETS

UTC production facilities for these Signal Corps headset adapters permit acceptance of
additional quantity orders for quick delivery. Also available in hermetic construction.

{
@ALL PLANTS

May we cooperate with you on design savings for yeur applications...war or postwar?

April 1945 — formerly FM Ranio-ELecTroNies ' 13



It.contains complete information on recent C. T. C.
radio and electronic components designed to
speed production and improve the oerformance
of precision equipment.
You'll discover how the new line of C.T. C. Termi-
nal Lugs and Swaging Tools saves time and
money through faster, cleaner assembly. It cor-
tains specifications for C.T.C. Crystals and facts
about a thumb-size |I-F Ultra-High Frequency®
Transformer. ,

You need this book for yourfiles. Write foryourcopy today.

CAMBRIDGE THERMIONIC CORPORATION
443 CONCORD AVENUE:CAMBRIDGE 38, MASSACHUSETTS

14 FM anp TELEvVIsION



FROM COMPONENT... TO COMPLETE STATION

' Federal Telephone and Radio (.

Lpril 194 formerly FM Rapio-ErecrroNies

A vital link in a long chain of equipment . . . lrom microphone
to antenna . . . the lead-in cable plays an importam part in de-

pendability of operation.

IFederals Intelin Cables are dependable. They've proved that in

hroadcast and military installations all over the werld .. . standing
up under severe operating conditions . . . in all kinds of elimate.

And that’s typical of «ll Federal broadeast equipment. From
lead-in cable to complete station, 1t has parned a reputation for
performance beeause 1’s built to stay on the air.

Amplitude Modulation, Frequeney Modulation. and Television
. .. for quality. eflicieney, dependability © .0 look to Federal for
the finest in broadeast equipment.
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R 99 DYNAMIC

rugged microphone In the entire
», Engineered and bullt for the
ng user who wants utmost e ffi-
pendabllity. Available as
pnced Line features for

Write for complete

99 and 999

There is a Turner Microphone for
every electronic communications ap-
plication. Gat the complete Turner
story from Turner engineers. Write
for Free lllustrated Catalog giving de-
tails and specifications on all Turner
Microphones for recording, P. A.,
amateur or commercial broadcast
work. Write today.

2 nrng

/

y 7()»
A (A / '

-
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This "big gun of electronics” is a sym-
bol of Machlett's ability as a tube
manufacturer.

In this unique tube is found the high-
est development of the basic require-
ments common to all electron tubes for

whatever purposes. These are:

The tube must be structurally sturdy,
compact, and completely vazuum-tight.

It must embody means for the accu-
rate, effective and stable control of an
electron stream.

It must have adequate heaot-dissipat-

ing properfies.

April 1945

The difficulties of meeting these
requirements are multiplied many times
by each increase in size, design-com-
plexity, and voltage. They reach an
all-time high in this 2,000,000-volt d-¢
X-ray tube.

When buying electron tubes, whether
X-ray, oscillators, amplifiers or recti-
fiers, look for the Machlett name as
evidence of high technical achievement
protecting your purchase. For information
about available types of Machlett tubes
write Machlett Laboratories, Inc.,

Springdale, Conn.

formerly FM Rapio-ELEcTRONICS

Big
gun

of

electronics

AP
OF

The ML 880 is o
radio  oscillator
fube for use in
transmitters, and
has a maximum
output of 60KW.

MACHLET?

S

RADIO ITS 46 YEARS
RAY TUBE EXPERIENCE
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Bank Broe.,
Firissumen, Pa,

LEWIS FOUNDRY & MACHINE LIVISION,

C PITTSBURGH ROLLS DIVISION, >
Rolls sad Ealling ML Machuaers Rells "o Sercl and Non Ferrour Raollinge Malis —
POWER PIPING DIVISION, Iyctalwicnre | Fuine Sestem UMION STEEL CASTINGS CIVISION,
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NATIONAL ALLOY STEEL DIVISION
SPECIAL ORDNANCE DiVISION, Hear aiid Cortoston-Resistans Allay Caneinmes
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BLAW-I(NOX SPRINKLER DIVISION
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FIPING POR NAVAL VESRELS
NETR LT ON IIAMICAL P ANTE
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A BASICALLY NEW IDEA.IN TRANSMITTERS...

IR

PLUS ALL THE EXTRAS OF SPECIAL
WESTINGHOUSE RESEARCH FOR FM

Here in a smartly-styled package is a basically new

% For harmonics up to approach to FM transmitter design . .. combined with
30 kc's at + 75 kc's d .
swing, distortion s less all the performance extras of special Westinghouse

than 1.5 1ms for modu- T ¢ d otk
lsting frequencies be- research for requency mo ulation.

i eeniSONnuRISHI0ZICT Built in 1, 3, 10 and 50 kw ratings, this new design
provides direct generation of the modulated carrier
by a simple and straightforward circuit. Frequency
corrections are independent of critical tuning. Dis.

tortion is low.*

Metal-plate rectifiers —first introduced by West-
inghouse for high voltage, high-current AM applica
tions — virtually eliminate outages caused by rectifier

(tube) failures. Space and cooling requirements are

house reduced, operating costs are lowered.
PLANIS IN 25 fm!s., OFFICES EVERY'WHERE Your nearest Westinghouse office has complete
details of this new triumph in FM transmitter
design in booklet B-3529. Or write Westinghouse

Wesd

/ Electric & Manufacturing Compaay, Radio Division,
: Baltimore, Maryland. J 08103

XXy - ) ARY - KDKA
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The what we can tell you about. The how
is one of those many little secrets about instrument manu-
facture Simpson has learned through more than 35 years of experience.
This particular operation has to do with the making of pivots, those critical parts
around which the accuracy of any electrical instrument revolves. Only by means of
this and other Simpson-developed processes can we make pivots which in strength
and hardness, and in their perfect contour, measure up to Simpson’s standard.

The Simpson plant is full of such refinements and shortcuts—all aimed at the twin
purpose of improving performance and reducing cost. Added to the basic superiority
of the patented Simpson movement they provide the fullest measure of accuracy
and stamina, and dollar value.

Only Simpson’s long familiarity with the problems of insirument manufac-
cure could achieve so many noteworthy solutions. Nothing less can promise
so much for the electrical instruments and testing equipmeat you will use

. oo
in the years to come. w2 R
' MILLAMFERES g

T

SIMPSON ELECTRIC CO.
5200-18 W. Kinzie St., Chicago 44, Il

(o}

INSTRUMENTS THAT STAY ACCURATE
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v hallicrafters
EQUIPMENT
COVERS

HE new Model S-37 FM-AM receiver is an outstanding example

of Hallicrafters pioneering work in the upper regions of the
spectrum. Covering the frequencies between 130 and 210 mega-
cycles, the S-37 provides VHF performance which is in every
way comparable to that of the finest communications receivers
operating in the medium and high frequency bands. The average
over-all sensitivity of the $-37 is approximately 5 microvolts. The
image ratio of at least 1000 times is achieved through the use of
twa pre-selector stages and an intermediate frequency of 16 mega-
cycles. No band switching is necessary and exceptional ease of tun-
ing is provided by mechanical band-spread with 2300 dial divisions
between 130 and 210 megacycles. The pre-loaded gear train is com-
pletely enclosed and is equipped with a positive stop at each end of
the tuning range. Hermetically sealed transformers and capacitors,
moisture proof wiring, and extra heavy plating, all contribute to
the long life and reliability of the 8-37 . .. the only commercially
built receiver covering this frequency range.

The amazing performance of the Model $-37 is largely due to the
RF section shown at right, It is mounted as a unit on a brass plate
Y4 inch thick, The two type 954 RF amplifiers and the type 954
mixer are placed in the heavy shields which separate the stages.
The type 955 oscillator is mounted directly on its tuning condenser.
Exceptional stability is assured by the use of individually selected
enclosed ball bearings, extra-heavy end plates, and wide spacing
in the oscillator condenser — rigid mounting of all components —
and inductances of 13 inch copper tubing wound on polystyrene
forms. All conducting parts are heavily silver plated.

Write for Catalog No. 36G, describing
Hallicrafters complete line of high
frequency receivers and fransmitters.

BUY A WAR

BOND TODAY!

HOW

v
>

THE

AMlodel $-37
FM-AM
for very high frequency work
130 to 210 Mc.

1

= hallicrafters rapio s

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U.S.A.
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OPPOSING VIEWS ON LOWER TELEVISION GHANNELS

Question of Permanence of “Temporary” Channels Raised at Oral Argument before FGC

DU MONT BRIEF
F()l,l,()\\'lNG is the text of the hrief

presented at the Oral Argument on
frequeney  allocations by Thomas T.
Goldsmith, Jr.. Director of Research for
Allan B. Du Mont Laboratories, Inec.
Only the introductory remarks have heen
omitted:

Thirteenth Channel » We request that the
channel from 102-108 me. be definitely
assigned to television at the present time.
While 12 channels will provide for a
limited competitive commereial service,
the addition of the 13th channel will be of
further assistance. Furthermore, it will be
developed along lines probably capable of
including all of these 13 channels, and
assure ready adaptation to include other
channels between 84 me. and 180 me.

Future Expansion » The Federal Communi-
ations Commission should  take
steps as are practical to carmark addi-
tional 6-me. channels in the region be-
tween 84 me. and 180 me.. to be released
by other services when no longer required.,
and to be then assigned to television
service as the commereial television serv-
ice demands further expansion.

Adequate 6-me.  television broadcast
allocations will be provided if eventually
television occupies the entire spectrum
between 44 and 216 me., but this entire
spectrum can be assigned as needed by
normal expansion of the service having
begun with the present 12 proposed
channels.

such

VHF Broadeasting » As to Frequeney Modu-
lation broadeasting, the range from 84 to
102 me. can probably be incorporated in
television receiver designs to provide both
television reception and frequeney modu-
lation sound broadeast reception. Then as
television commereial operation expands it
can, if necessary. absorh these Fregquencey
Modulation sound broadeast channels if
that service no longer receives public de-
mand in view of the superior television
service providing both sight and sound.
There has been some discussion that
the region of the spectrum from 84 to 102
me. may not prove sufficient to accommo-
date all the channels which may be re-
quested for very high frequency broadeast
service. If this inadequacy of spectrum is
seriously anticipated, we recommend that
the very high frequency broadeast people

April 1945

change at once from the wide band fre-
quency modulation specifications requir-
ing 200 kilocyeles per station (and in
practice possibly requiring even 400 ke,
per station in a given area) to a system
requiring narrower channels-per station in
the manner proposed in the following
paragraph. 5

For very high frequeney broadeasting.
employ amplitude modulation with an
assigned chamel width per station of 40
ke. Make these frequencey assignments in

ELEVISION, as well as FM, has

its upstairs vs downstairs
problems, though they are of a
different nature. Television has
been assigned twelve 6-mc¢. chan-
nels between 44 and 216 mec¢., and
twenty-two 20-mc. channels in a
solid block from 480 to 920 mc.
One school of thought believes
that an adequate, national serv-
ice, of acceptable picture quality,
can be established downstairs in
the immediate postwar period.
Another holds that 6-mec. picture
quality will not satisfy the public,
and that any use of downstairs
frequencies, during the time re-
quired to put 20-mc. pictures on
the air, should be announced as
being only an interim effort.
These two schools of thought are
represented in the Du Mont and
CBS briefs filed for the FCC’'s
Oral Argument on the proposed
frequency allocations.

the region of the spectrum from 84 to 102
mce. as presently proposed in the Federal
Communications Commission allocation
plan. Allow each station for VHIF broad-
-asting to use as much power as it wishes.
With this plan of assignment it should
then be possible to provide each applicant
for a broadcast station with a substan-
tially clear channel. In this way. 450 clear
chamnels will be provided. and with ¢har-
acteristics of propagation in this region of
the spectrum it is very probable that
duplicate assignments might still be made
in widely separated portions of the United
States. still allowing unlimited power.
IFrom our experience with operation of
amplitude modulation transmission and
Frequeney-Modulation  transmission for
the sound channel on a carrier frequency
of 83.75 mc., we are thoroughly convineed

formerly M Ravio-ErecTroNICS

that the narrower band amplitude modu-
lation can provide an exeellent broad-
casting service.

We are recommending that the Federal
Communications Commission allocation
with regard to very high frequency broad-
sting stay where it is in the proposed
allocation plan. but suggest that consider-
ation may he given to a respecification of
the type of service if the proponents of
wide band FM broadcasting do not feel
that the proposed Federal Communica-
tions Commission allocation plan provides
sufficient channels.

If the available spectrum for very high
frequency broadeasting proposed in the
Federal Communications Commission al-
location plan should prove inadequate to
accommodate  all  qualified applicants.
then it would be wise to plan a division of
the channels so as to accommodate hoth
FM and AM in this region of the spectrum
bhetween 84 me. and 102 me. Applicants
desiring to carry on broadcasting using
amplitude modulation could be assigned a
portion of this spectrum. say 6 me. wide.
Each station could be allocated 40 ke.
and thus provide for a total 150 channels
for very high frequency amplitude modu-
lation broadeasting. There would  yet
remain of the total of 18 me. an amonnt of
12 me. allocated to Frequeney Modula-
tion broadeasting providing 60 IFM chan-
nels. Thus, those persons desiring to
broadeast by Frequencey Modulation may
continue that type of broadeasting. How-
ever. those persons desiring to broadeast
amplitude modulation may be permitted
to do so. and a total of 210 broalcast
channels could thus be provided.

Television At 50 Mc. Rather Than FM * T'clevi
sion service in the region from +4 to 48 me.
is more sound technically than Frequeney
Modulation sound broadcast service in
this samme region of the spectrum. Tele-
vision operates fundamentally with a
higher signal level at the receiver due to
the mmch broader band characteristies of
its signals. Although a higher ratio of 100
to 1 for received signal to interference
signal is specificd as protection for tele-
vision than the ratio of 10 to 1 protection
for Frequencey Modulation sound broad-
casting. it is nevertheless true that tele-
vision can tolerate occasional long distance
sporadic signals more readily than Fre-
queney Modulation sound broadeasting.
For example. a television receiver may
operate on the 300-microvolt contour of a
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broadcast station. An interfering station
on the same channel located at such a
distance that occasional sporadic inter-
ference is possible, may put in a signal
strength of 100 microvolts, The television
receiver would be disturbed for that short
interval of interference hut the desired
station would still come through with
some degradation, On the other hand, if
an FM receiver was operating on the
fringe of its service contour with a field
strength of 50 microvolts, then a distant
interfering station with a sporadic signal
strength of 100 microvolts would make it
impossible for the FM recciver to receive
any intelligible signal from the desired
station,

Furthermore. FM stations, with their
relatively narrow band width. can be de-
signed to radiate effective powers of hun-
dreds of kilowatts while television stations
with their broad band characteristics
probably would be limited to the order of
tens of kilowatts. Thus, there is much
greater likelihood of the FM stations
providing long distance high level occa-
sional interfering signals. Also, if any FM
stations are assigned in the region near
50 me. then all would probably be as-
signed in this region, making all FM sta-
tions susceptible to this sporadic inter-
ference. Television would have ouly a few
of its channels in this region and suscepti-
ble to this sporadic interference.

Consideration should be given to the
effects of multipath and shadow. Past
experience with television picture trans-
mission and associated FM or AM sound
transmission has shown that multipath
effects are more serious on the picture
channel than on the sound ¢hannel. This
would be expected theoretically, since the
picture channel cannot resoive relatively
short intervals of time of a few micro-
seconds which are characteristic of multi-
path. Since picture channels are suscepti-
ble to this multipath transmission, it
would seem wisest to keep the television
channel assignments in the lower part of
the frequency spectrum. Operating ex-
perience has been had on broadcasting
between 44 me. and 8+ me. for picture
transmission, and the multipath problems
have not heen too serious although they
are present in some receiving allocations.
We do not anticipate any serious condi-
tions because of multipath in the com-
mercial broadcast use of the spectrum for
television up to 216 me. Nevertheless
where there is a choice between sound
broadecasting and television broadcasting
for use of the frequencies between 44 and
84 mc., then television should be assigned
this region in preference to assigning it to
sound broadcasting, since the sound
broadcasting can as readily use a higher
frequency without probable extensive
difficulties from multipath phenomena.
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Certainly, if sound broadecasting utilizes
narrow band amplitude modulation, very
little difficulty will be experienced for mul-
tipath conditions on frequencies around
100 me.

Therefore, if it is a choice in the spec-
trum between 44 and 84 me. whether FM
or television should be assigned in this
region. it is obvious that television should
get the assignment.

Shared Channels « It is proposed by the
Commission in the allocation plan that
certain of the services may be able to use
television frequencies on a secondary
basis by a spaec-sharing plan, wherein the
other services occupy television channels
adjacent to those used for television in
given arcas. There is a chance that this
plan of sharing may have some merit.
However. I would urge strongly that the
Commission make it perfectly clear in the
channel allocation that television is to
have the primary use of the 12 channels.
With only 12 channels available for this
commercial service, it is imperative that
the fullest use be made of these channels
in accordance with a carefully drawn up
national plan for television. Other services
should be allowed to use these adjacent
channels only on the basis of non-interfer-
ence with currently installed existing
television stations and with probable
future television stations for the area in
question,

Television Experimentation = We feel that the
present proposed allocation for television
experimentation between 480 and 920
me. is adequate for such experimentation
and should be retained on an experimental
basis.

Television Relay « The provisions made for
television relay services are adequate for
presently anticipated requirements and
we feel that should further requirements
prove necessary, they can be adjusted in
view of the relative merit of such relay
services as compared with other services
at such a time when they should be
neeessary,

Permanence of Channels « We urge that the
Federal Communications Cominission
more strongly clarify the permanence of
the 12 commercial G-me. television chan-
nels. We fecl that these channels are going
to be used on a permanent commercial
basis and that official statement from the
Federal Communications Commission to
the effect that they will remain assigned
for this purpose over a period of at least
10 vears is necessary to safeguard both
manufacturers and the public with regard
to their investinent in such a cominercial
serviee.

CBS BRIEF

HE CBS brief discussed FM 'and sub-

scription broadcasting, as well as tele-
vision. The following text presents the
part concerning television and is complete
except for the introductory analysis of
opinions as to the technical advantages of
television transmission in the 480- to
920-mc. band:

“Good-Enough” Television # We may confi-
dently expect after the war somewhat
better television, even on the low-defini-
tion standards, than was available to the
public before the war, Tube and receiver
improvements, as well as improvements in
studio design and operation, will produce
pictures in the home which will have more
brilliance and contrast and be less subject
to distortion, and pictures which are con-
sequently more easily projected and
enlarged.}

After giving full weight to these consid-
erations, however, it is submitted that a
television service on prewar standards,
which confine the television picture in the
straitjacket of low-definition, will not
attract and hold an audience large enough
to "'put television aeross”. The need for
radical and fundamental improvement is
obvious from the following significant
facts:

(a) Only 7,000 television sets were sold
in an area containing 3,000,000 homes
during nearly two years of prewar broad-
casting,

(b) Less than 40,000 scts were sold in
England during the three-year period of
daily television broadcasting.

(c) Present television pictures are, by
direct mathematical and optical compari-
son, less detailed than a crude home
movie.

(d) The majority of independent sta-
tions affiliated with the CBS network do
not believe present television pictures
are good enough to be viewed for more
than one hour without cyestrain, or good
enough to sell sets in large quantities.

Further, there has been evidence that,
before the war, families who bought tele-
vision sets used them less and less after
the first novelty wore off,

Good programming is an essential pre-
requisite to wide popular acceptance of
television. But, broadcasters — and the
public — have a prime interest in sceing
that the technical standards of television
are set high, because good programs can-
not win popular acceptance if the pro-
grams sharply deteriorate between the
studio and the receiving set. Technical
advancement, making possible more flexi-
bility and creativeness in the operations

1 These collateral improvements will, of course, be
as equally applicable to high-definition television as
to low-definition television.
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of program producers, will free the art
from many of its present limitations.?

Better Television Can Be Realized » Columbia
proposed the better television in April,
1944. Today, less than a year later, there
appears to be unanimous agreement that
the better television will be proved. The
Commission has said in its Report:

“The Commission is fully convinced
that by virtue of the recent developments
in the eleetronic art, a wide channel
television broadeasting system, utilizing
frequencies above 400 me., can be de-
veloped, and the transmission of higher
definition monochrome pictures and high-
definition color pictures achieved.”

The only question still debated is,
“When can the new television be demon-
strated and proved?”’

Opponents of the better television say

not before a minimum of five years.
Columbia says — within one year after
manpower and materials are fully avail-
able, and possibly before the end of 1945,

The better television will be brought
to the public at an carly date if a substan-
tial part of the television industry co-
operates competitively in the development
of the new system and in the field-testing
and the fixing of new standards.

Fords and Frigidaires # The oppenents of
“hetter television now” have said, in
effect. “ Where would the automobile
industry be if the Model T had heen held
off the market because a Detter car was
in the ofting, or the modern mechanical
refrigerator if millions of its cruder coun-
terparts had not first been sold?”

This type of argument is based on two
fundamental misrepresentations:

(a) Columbia has not said and does
not say that present television should be
stopped or that sets manufactured to re-
ceive the prewar standards should be
withheld from the publie.

(b) The comparison with Fords and
Frigidaires completely ignores the lock-
and-key relationship which is the essence
of television broadcasting.

Today, nearly twenty years after the
last Model T was built, some of them are
still on the road and providing their own-
ers with transportation. Likewise, some of
the ecarliest mechanical refrigerators are
still giving service. In television, however,
as soon as the postwar, high-definition
television is proved and the broadcasters
change their transmitters so as to provide
the new and better service, cvery low-
definition set which has been bought by
the public will become completely obsolete

2 The preeent low-definition standards require close-
ups or waist-shots to convey facial expression on the
recciver screen. The televising of group activities,
whether dramatic, 1 or in di ion groups,
must now be interrupted by frequent individual close-
upe, with consequent loss of pace and sense of unity.
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and useless. Each low-definition television
receiving set will then be a lock without
a key, because the necessary complement
to the receiver — the signal from the low-
definition transmitter — will he missing.

Dual Operation No Solution » This lock-and-
key relationship presents the dilemma of a
public which may have hought television
sets made on the old standards in the ex-
pectation that such sets will provide them
with years of television service. No one
could lightly contemplate the overnight
destruction of the public’s investment at
a time when, say, 1,000,000 old-standard
sets had been sold.

In order to proteet this possible public
investment, it has been suggested that
television broadecasters who are licensees
of low-definition stations at the time new
standards are adopted, continue for a
number of years their operation of the
low-standard transmitters in simultancous
service with their high-definition trans-
mitters. It is possible that, from the stand-
point of the publie, dual operation may he
a satisfactory solution if there should he
very substantial public investment in
low-definition television. such as might be
represented by the purchase of 1,000,000
low-definition sets. It is submitted, how-
ever, that such a solution will lead to the
following results:

(a) Tt will tend toward the doubling
of costs of broadeasters eharged with the
dual operation.

(b) To the extent that Droadecasters
attempt savings by utilizing the same pro-
grams for both services, dual operation
will either limit the program potentialities
of the new standards or result in unsatis-
factory old standards of transmission.

(¢) The prospect of a requirement of
dual operation will cause those interested
solely in broadcasting to hesitate before
entering into television until the new
standards are adopted and the threat of
the burden of dual operation has been re-
moved.

The above predicament may be avoided
if (a) broadcasters and manufacturers
concentrate their efforts now to bringing
the better television to the public as
quickly as possible, a course which Colum-
bia has consistently urged, and (b) the
public be kept fully informed as to the
nature of their investment in low-defini-
tion sets.

Public Should Be Informed » Columbia inter-
prets the Commission’s proposed alloca-
tion of frequencies for television as as-
signing the narrow-band, low-definition
channels in the lower frequencies to tele-
vision on a temporary basis — and we be-
lieve that the substantial and expanding
needs of other services for frequencies
in this portion of the spectrum will sooner

formerly F'M Rapnio-ELECTRONICS

or later require the use of the frequencies
presently proposed for the low-definition
television.

The Commission has found that:

(a) No more than 12 channels below
300 mc. can be assigned to television if
the minimum needs of other services are
to be met.

‘(b) Sky-wave interference may he a
problem with television on the lower fre-
quencies.

(c) High-definition television, both in
black and white and in color, can he
achieved on frequencies above 400 e,

(d) The development of the upper por-
tion of the spectrum is necessary for a
truly nation-wide and competitive televi-
sion system.

(e) Even as to the 12 low-definition
channels proposed. 11 are to be shared
with other services and one channel (No.
5) will not be available to television for a
number of years.

At the press conference held on January
15. 1945, Commissioner Jett, in discussing
the problem of interferenee in the lower
frequencies proposed for television serviee,
and comparing the problems of ter-
ference between FM and television in this
portion of the spectrum, stated: “FM is
to be started and developed as a perma-
nent broadeasting service for the future

. we are encouraging the development
of television above 480 me. We fully ex-
pect after a number of years that the truly
competitive operations in this country
will be in the bands above 480 me. There-
fore, of the two services, when you con-
sider that we must select between one and
the other, the 6-me. television serviee
will be of a temporary character. . . .
Therefore, the service that is temporary
in charaeter should,take the interference,
not the oue that will be with the public
throughout the entire future.”

Notwithstanding the findings of the
Commission and the clarification provided
by Conunissioner Jett. the proponents of
low-definition television have publiely in-
terpreted the Commission’s Report as
giving the “green light” to this prewar
svstem.

If we are to avoid:

(a) a sudden destruction of future large
publie investment in low-definition tele-
vision sets. made in good faith with the
expectation of long-term usefulness. when
television broadcasters change over to
high-definition transmission under new
standards, and

(b) the risk that the better television
may be indefinitely, or permanently, post-
poned because of the weight of this public
investment,
the public should be kept clearly. fully
and frankly informed. This does not mean,
and Columbia has never proposed. that

(CONTINUED ON PAGE 85)
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FIG. 1. EXAMPLE OF AN FM LINK INSTALLATION IN THE EUROPEAN THEATRE, SHOWING TERMINALS AND TWO RELAYS

HOW FM LINKS ARMY WIRE SYSTEMS

Description of Equipment Which Has Played an Outstanding Part in the European Gampaign
BY LIEUT. ROBERT W. EHRLICH™*

FHIND the lines of our advancing

armies, it is the job of the Signal Corps
to install. operate, and maintain a vast
svstem of communications networks, over
which flow the messages that keep the
armies functioning. These cireuits must
handle an extremely heavy load of traffic
over long distances yet they must be in-
stalled with a minimum of time and per-
sonnel, One answer to this problem has
been the development of spiral-four cable,
a +-wire cable that can handle 4 two-way
telephone conversations simultaneously
and can be installed at the rate of 3 to 5
miles per hour by a few men in a truck.
However, there are certain areas such as
swamps, jungles, and water barriers over
which it is extremely dangeraus if not im-
possible to install cable or pole lines. Here,
FM radio links are called upon to com-

" *FMSCPA Building 779, Fort Monmouth, N.J.
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plete the inilitary communications system.

\\ feature of the FM radio link is the
speed with which it can be installed.
Radio equipment can be carried to ad-
vanced positions as fast as vehicles can
transport it and, in a matter of minutes,
reliable telephone communication can be
established with the rear. Through its
speed of installation, the FM radio link
has helped to make it possible for large
army units to be coiirdinated in their
rapid forward sweeps.

The Army’s radio link equipment is
Just what its name implies: radio equip-
ment specifically designed to be used as a
link in wire systems. The wire lines are
connected directly to the link equipment,
and the signals relayed by radio, up to
approximately 25 miles. In order to have
two-way communication, a receiver and a
transmitter are required at each terminal,

with a separate ecarrier frequency for each
direction. Where longer distances are in-
volved, relay stations may be used, as
shown in Fig. 1. At each relay station,
two sets of receivers and transmitters are
required, and a new pair of frequencies is
assigned 1o each leg of the relay.

Requirements of Link Circuits « The develop-
ment of radio link equipment has called
for a great deal of ingenuity on the part
of the designers in order to mncet the spe-
cialized requirements of this type of serv-
ice. It is the purpose of this article to dis-
cuss the many design factors involved,
and to show how the problems were met.

One of the foremost requirements of
any communications system is- that it
transmit the incoming signal with suffi-
cient fidelity, so it is of interest to investi-
gate the type of signal that the equipment
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FIG. 2. HOW FOUR CONVERSATIONS ARE PUT ON A SPIRAL-FOUR CABLE

will be called upon to handle. Radio link
is normally used in conjunction with
spiral-four cable which, in turn, is usually
connected to 4-channel carrier equipment
at the terminals of the line. The use of
carrier makes the most effective use of the
capabilities of the cable, but it imposes
severe requirements on the radio link
equipment.

Fig. 2 shows, in block form, how the
earrier equipment puts four telephone
conversations on a four wire cable. Each
telephone is connected to a directional
circuit which separates incoming and out-
going signals. The outgoing signal from
Telephone No. 1 is sent through a simple
low-pass filter, so that it is restricted to
frequencies below 2,800 cycles. The signal
from Telephone No. 2 is heterodyned
against a local oscillator, operating at
5,900 cycles, in a modulator unit.

The output of the modulator is fed
through a band-pass filter which elimi-
nates the oscillator frequency and the
upper sideband frequencies, leaving only
the lower sideband frequencies from 3,100
cveles to 5,700 cycles. In a similar manner,
the outgoing signals on channels 8 and 4
are heterodvned against local oscillators
to produce new bands of frequencies from
6,050 to 8,650 cycles and 9,000 to 11,600
cycles respectively. Therefore, the signals
which go down one pair of wires contains
frequencies as high as 11,600 cycles. Sig-
nals to be received come back on the other
pair of wires and are put through the
reverse of the process just described before
being fed to the individual directional
circuits and thence to the telephones.
Both pairs of wires in a spiral-four cable
may be expected to carry signals at the
same time; therefore, the primary requi-
site of a radio relay system is that it be
capable of transmitting and receiving sig-
nals simultaneously, with a flat audio re-

sponse up to approximately 12,000 cycles.

Aside from wide-band audio charac-
teristics, there are many other require-
ments of a successful military radio relay
system. One of these requirements is low
noise level, to keep static and man-made
interference from hindering the communi-
cation. Privacy is also important, for it is
not healthy to broadeast information over
a wide arca where it

fronting the designers of radio link equip-
ment. First of all. it can carry the higher
modulation frequencies without any in-
crease in the normal channel allotments
given to FM. Second. the low noise level in
an FM system makes it desirable for relay
work. Third, the high FM carrier frequen-
c¢ies make practical the use of directional
antennas, thereby giving increased signal
gain in the desired direction while, at the
same time, giving more privacy by re-
stricting the signal angle and range.

Moreover, FM circuitsemploying phase-
shift modulation. with a crystal in the
oscillator, impart the inherent frequency
stability required in this service. The
deviation in frequency brought about by
phase modulation is very slight, so it is
necessary to use many stages of frequency
multiplication in order to bring the fre-
quency deviation of the emitted signal up
to the required point. Frequency multipli-
cation involves extra tubes and circuits,
but the disadvantage of additional tubes
is more than offset by the advantage of
crystal stability. Therefore, a phase-shift
svstem was selected by the designers of
the equipnient.

The compactness and portability of the
actual equipment is evident from Figs. 3.
4, and 5. The entire assemblage of equip-
ment necessary to maintain a terminal

can be picked up by
the enemy.

Another impor-
tant characteristic
that must be built
into military radio
equipment is rugged-
pess and inherent
frequency stability.
Since equipment
takes a tough beat-
ing as it is trans-
ported from place to
place, it must be de-
signed to take the
shocks, go on the air
on the right fre-
quency when it is set
up, and then stay on
that frequency over
long periods and
under all climatic
conditions. Other
desirable features in-
clude ease of trans-
portation and instal-
lation, and simplicity
of operation.

RECEIVER
R-19A/TRC-l

TRANSMITTER
T-14A/TRC=1

Successful Operation on
FM » The selection
of a Frequency Mod-
ulation system led to
a solution of many
of the problems con-
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FIG. 3. COMPLETE FM CARRIER TRANSMITTER AND RECEIVER
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station on 24-hour service is called a
Radio Terminal Set AN/TRC-3, while
the sanme equipment plus the additional
receiving, transmitting, antenna, and
power supply components for a complete
relay station is called the Radio Relay
Set AN/TRC-4. The equipment illus-
trated was developed and manufactured
for the Signal Corps by the Link Radio
Corporation, of New York. Similar equip-
ment is being manufactured by Lear, Ine.,
Radio Division, of Grand Rapids, and the
Rauland Corp., Chicago.

Details of Transmitter » A block diagram of
the Link transmitter is shown in Fig. 6.
Of particular intcrest are the unique crys-
tal oscillator and phase-shift circuits.
These are shown in detail in Fig. 7.

The oscillator operates at 1/96th of
the carrier frequency. Carrier frequencies
range from 70 me. to 100 me. in 100-ke.
steps. so crystals are provided from 729.17
ke, to 1041.67 ke., in steps of 10,417 ke.
For greatest stability, low-drift T cut
crystals are used, and the erystal in opera-
tion is enclosed in a temperature-con-
trolled oven.

The oscillator circuit is aperiodic; that
is, it operates at whatever may be the
frequency of the crystal that is plugged in,
without any further oscillator tuning ad-
justments by the operator. Feedback fromn
plate to grid is obtained through the
erystal, so oscillations take place close to
the series resonant frequency of the crys-

FIG. 5. INTERIOR OF THE 5)-WATT TRANSMITTER SHOWS SIMPLE DESIGN

tal. Coil L, and capacitor (', resonate at a
frequency above the highest oscillator
frequency to be used, and together they

control the feedback to produce stable

oscillations over a wide range of crystal
activity.

The output of the oscillator is sinall,
and its amplitude varies as different crys-
tals are used. To deliver a strong signal of
constant amplitude. the oscillator output
is fed through a limiting amplifier. This
stage acts just like the limiter in an FM
receiver, delivering constant output re-

gardless of variations in input amplitude.

The phase-shift circuit used in this
transmitter is particularly interesting be-
cause it employs only one triode section
to accomplish its task. This triode is con-
nected as an ordinary degenerative am-
plifier, with an inductance as the plate
load and a 30.000-ohm cathode resistor to
introduce the degeneration.

The action of the cirenit is based on the
fact that the voltage that appears across
the plate coil is the resultant of two com-
ponents. Electronic  amplification  pro-

FIG. 4. THE RECEIVER, LEFT, AND THE TRANSMITTER,-RIGHT, REMOVED FROM THE CARRYING CASES SHOWN IN FIG. 3
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FIG. 6. BLOCK DIAGRAM SHOWING TUBE TYPES AND FUNCTIONS OF THE TRANSMITTER

duces a component that lags the grid
voltage by about 90°. The grid-plate ca-
pacitance and the load inductance, acting
in series, form a resonant circuit, thereby
producing another component of voltage
across the coil that leads the applied volt-
age by about 90°. Cathode degeneration
and the proper choice of circuit constants
keep the two components nearly equal
amd about 180° out of phase. They add
vectorially as shown in Fig. 8 to form a
small resultant.

Modulation of the phase of the result-
ant voltage is accomplished by the varying
magnitude of the electronically amplified
component. The dotted lines in Iig. 8
show how the phase changes when ampli-
fication is increased. The easiest way to
change amplification is to change grid
bias: thercefore, the modulating voltage is
simply introduced as a varying bias,
through the isolation resistor R,;.

Modulation of the phase of an RF
carrier wave is necessarily accompanied
by a certain amount of frequency modula-
tion. For a given phase deviation, the cor-
responding frequency deviation increases
in proportion to the modulating fre-
quencey: and if no correction were made,
higher audio frequencies would seem to be
unduly emphasized in an FM receiver. To
correct for this effect, the R-C filter 1y, (s
is inserted in the audio circuit. With higher
audio frequencies, a smaller audio voltage
is applied to the modulator: and the re-
sultant frequency deviation is independ-
ent of audio frequency.

The output of the modulator is of very
small amplitude, and its frequency devia-
tion is only a few hundred cycles. Accord-
ingly, it is necessary to amplify the signal
considerably and multiply its frequency
many times to produce a strong signal
whose frequency deviation approaches the
desired value of + 30 ke, The necessary
multiplication is accomplished in four
stages.

The first stage following the modulator
is a high gain pentode, 6.AC7, operating
as a tripler. This tube gives sufficient gain

It is conceivable that all 4 signal voltages
might reach peak value in the positive or
negative direction at the same time. To
prevent excessive modulation, the audio
gain in the transmitter would have to be
adjusted so that each signal alone could
cause only 25% of the maximum perinis-
sible frequency deviation. Actually, the
four signals never reach peak value si-
multaneously, so in practice the audio
gain is adjusted to produce 30% of the
maximum deviation (£ 9 ke.) with a
0 dbm signal coming in on any one chan-
nel,

Although the signal level at the output

tdbm is a telephone term indicating that zero level
is referre:l to 1 milliwatt.
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FIG. 7. CRYSTAL OSCILLATOR AND PHASE SHIFT CIRCUITS OF THE TRANSMITTER

to drive a 6V6GT quadrupler which, in
turn, feeds a series of three 6VOGT dou-
blers. To complete the RF chain, a type
829 tube is used as the final amplifier.
This beam-power double pentode, con-
nected in push-pull, delivers a nominal
earrier power output of 50 watts.

There are several features of the audio
circuit, shown in Fig. 9, which reflect the
specialized requirements of a radio link
transmitter. First of all, the audio system
must be capable of uniform response up
to 12,000 cycles. It is fortunate that vir-
tually no power is needed to drive the
phase modulator. This eliminates the need
for a power stage, with its attendant fre-
quency response problems. .\ simple re-
sistance-coupled amplifier, using one
triode section of a 6SN7G'T, does the job.

When the radio link is connected in a
wire system handling 4-channel carrier,
it is to be expected that the audio input
will consist of 4 independent signals, one
on each of the 4 carrier channels. The
normal signal level on the line is such that
each of the signals has a level of 0 dbn.!
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of the telephone terminal or carrier equip-
ment is always adjusted to 0 dbm, the
attenuation in the miles of cable between
the telephone terminal and the radio link
will cause the input to the radio link to
drop below this value. Accordingly, an
audio gain control, called a cable compen-
sator, is placed on the front panel for the
operator. This control is calibrated di-
rectly in dbm, and the operator can com-
pensate for cable loss by advancing it at
the rate of about 0.8 dbm per mile of
spiral-four cable.

To cobrdinate the operation of a radio
link system, it is necessary that the opera-
tors have a means of monitoring the signal
and communicating with each cther. The
band of audio frequencies comprising
channel No. 1 is usually reserved for this
purpose. The operator’s microphone cir-
cuit is connected in series with the regular
cable input transformer, and a low-pass
filter is included in the microphone circuit
to prevent interference on channels 2, 3,
and 4.

The physical construction of the trans-
mitter is designed for maximum relia-
bility, convenience, and ruggedness. A
thermostatically controlled exhaust fan
keeps the temperature inside the case at a
constant, low value. Tuning controls for
the RF circuits are all accessible through

these are: good image rejection, high se-
lectivity, stability to match that of the
transmitter, and a good squelch circuit.

A block diagram of the receiver is shown
in Fig. 10, This receiver employs a double
superheterodyne circuit to attain maxi-
mum selectivity and image rejection. One

facilitate these adjustments, a small test
oscillator is supplied, into which can be
plugged the corresponding transmitter
crystal. This oscillator supplies a signal
at the carrier frequency, thereby enabling
the operator to line up the receiver with
the aid of a built-in metering circuit.
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FIG. 10. BLOCK DIAGRAM SHOWING THE RECEIVER TUBE TYPES AND FUNCTIONS

local oscillator supplies signal to both
mixing circuits and, to sure frequency
stability, the oscillator is ecrystal con-
trolled.

A receiving crystal is supplied to corre-
spond with each transmitting crystal. The
receiving crvstal is ground so that the
receiver oscillator frequeney is one-half

The squelch system used in the receiver
is particularly efficient. Its action depends
on two factors: the rectified first limiter
grid current, and the high frequency noise
components of the discriminator output.
A diagram of this circuit is shown in
Fig. 11.

Under no-signal conditions, there is a
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FIG. 9. AUDIO CIRCUIT OF THE FM CARRIER TRANSMITTER

the top of the cabinet or on the front
panel; and a metering circuit, controlled
by a switch on the front pancl, enables the
operator to tune up on a new frequency
with no supplementary test cquipment.
Ceramic and mica capacitors are used
throughout, with few exceptions, in order
to provide trouble-free operation.

Details of Receiver » Turning from the
transmitter to the receiver, it is found that
it, too, embodies many interesting fea-
tures which grew out of the special re-
quirements for the link system. Some of
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of the transmitting frequeney plus 3 me.
If, for example, the transmitting fre-
queney is 70 me., the receiver oscillator
output is 40 wme. The first conversion
yiclds an intermediate frequency of 35
me. In the second mixer, the 35- and 40-
me. signals heterodyne to produce a sec-
ond intermediate frequency of 5 me.

It will be noted that the first interme-
diate frequency will be different for differ-
ent operating frequencies. Therefore, the
first IF transformers must be tuned when
changing frequencies, as well as the RF,
mixer, and oscillator plate circuits. To

FIG. 11. CIRCUIT OF THE SQUELCH SYSTEM OF THE RECEIVER

small AC voltage at the discriminator
output due to fluctuation noise. This noise
contains many high frequency compo-
nents which are passed through the small
coupling capacitor (';;;. When rectified by
onc-half of the 6H6 double diode, they
tend to cause a small positive potential at
point A, At the same time, the tube noise
produces an AC voltage at the limiter
grid. This voltage is rectified by the other
half of the 616, and it, too, tends to cause
a positive potential at point A.

The circuit constants of the squelch
triode are such that when the potential at
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point \ is zero or slightly positive, the
tube conducts. Under this condition, a
large voltage drop appears across the
resistor, biasing the audio tube to cut-off.

F1G. 12. THE ANTENNA IN OPERATION

When a signal comes into the receiver,
the high-frequeney noise components dis-
appear from the diseriminator output
and, at the same time, a negative bias is

| developed at the limiter. The eombined
effect of these two actions is to cause point
A to go negative. The squelch triode stops
| conducting, and the high negative bias is
'removed from the audio tube. The audio
amplifier can then operate normally.

The feature of this squelch circuit is
that sharp pulses of interference do not
open the squelch. When an interference
pulse does come through, a momentary
‘negative voltage appears at the limiter
\grid; but it does not stay negative long

enough for the charge at point \ to
change. At the saume time, the noise pulse
appears at the discriminator output and,
when rectified, tenids to drive point A
positive. The two actions cancel them-
scelves out, and the squelch remains closed.
In practice, it has been found that a 1-
microvolt signal can open the squelch,
but noise pulses of considerable amplitude
do not.

Like the transmitter, the receiver has
an additional audio channel for monitor-
ing. The input to this channel is in paral-
lel with the input to the wide band audio
channel. A low pass filter in the plate
cirenit of the monitor amplifier allows
only the voice frequencies of channel No.
1 to pass into the monitor speaker.

At relay stations, the receiver output
is fed directly into an associated trans-
mitter for relay to the next station. Where
there is little traffic on the circuit, it is
desirable to have the transmitter carrier
cut off the air except during the time a
signal is coming through from the termi-
nal station. .\ relay, inchaded in the re-
ceiver, i1s used to control the transmitter
automatically. This relay is operated by
the squelch cireuit, so that when a signal
comes through from the terminal station,
the transmitter carrier is turned on.

Antenna System x No radio system is com-
plete without a good antenna. The re-
quirements for the link antenna system
include directivity and gain, light weight,

_case of installation, and as much height

as possible. .\ good compromise between
all these factors is effeeted in the antenna
svstem shown m Figs. 12 and 18.

The antenna itself consists of a half-
wave dipole radiator with a reflector and
a director. The radiator is fed at its center
by a coaxial cable, and the other elements
operate parasitically. All of the elements
can be adjusted as to length with tele-
scoping sections for the proper frequency
of operation. More claborate antenna
arrays would give more gain, and they are
nsed in some special applications: but the
simple array described gives the best
compromise  between  performance and
portability.

To get the greatest possible distance,
the antenna array is mounted atop a
40-ft. mast. Ordinarily, such a mast is
thonght of as invelving a difficult erec-
tion job, but the portable mast inchided

“with this equipmient can be put up in a
few minutes. The mast consists of eight
5-ft. tubular steel sections. Three more
sections are used as a gin pole, making it
possible for one man to raise the mast.
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FIG. 13. DETAILS OF THE ANTENNA, AND THE METHOD BY WHICH IT IS ERECTED

The construetion of the reeeiver is, of
course, similar to that of the transmitter
from the standpoint of ruggedness and
reliability. .An exhaust fan keeps the com-
partment temperature constant. Ceramic
and mica capacitors are used extensively,
and all eircuit elements are well tied down
to avoid trouble from vibration.

LA pril 1945 — formerly FM Rapio-ELecTroNICS

Simple as it is, the erection of the an-
tenna masts constitutes the major part
of the installation procedure for a radio
link station. The receivers and transmit-
ters can be operated while still in their
carrying chests. 1t is necessary only to
interconnect the various elements by con-

(CONCLUDED ON PAGE 85)
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SPOT NEWS NOTES

|.R.E. Building Fund: Have you sent in vour
contribution? Make it as big as vou can,
but don’t be ashamed if it isn’t as big as
you'd like it to be. At least. you can con-
tribute a couple of bricks!

New Stalling Technique?: In its issue of April
16, Broadcasting, always responsive to
views of broadcast executives, warns that
FM threatens investments in AM in-
stallations. It’s no secret that, prewar.
some AM operators filed FM applications
simply for protection, and then stalled
on taking delivery of equipment. Is the
enthusiastic support of Mr. Norton's F2

has been clected viee president of RCA
Communications, Inc. in charge of en-
gineering.

New Quartz Technique: Following the discov-
ery that NX-rays can be used to alter the
clastic constants of quartz crystals, The
Reeves-Iily Laboratories, New York, are
using this treatment to obtain the final
adjustment of crystals to exact frequency
values. Since the ehange in frequency re-
sulting from this technique ‘s downward,
plates which have been lapped too thin
can be salvaged. Commercial X-ray
built by North American

equipment,

PROJECTED HEADQUARTERS OF THE INTERNATIONAL TELECOMMUNICATION
LABORATORIES, INC.

testimony by AM nets and larger inde-
pendents a postwar modification of that
technique? The FCC should examine this
aspect of the pressure being exerted to
bring about a radical shift of the FM
band, and the consequent delay in the
spread of this better service.

Capt. ). B. Dow: Director of Electronics for
the Bureau of Ships: "It is the carnest
hope of those who have had the respon-
sibility for supplying the Navy with mod-
ern electronic equipment that when peace
comes our people will not fail to support
strongly an adequate research and de-
velopment program. It has been estimated
that a minimum of $235,000,000 per year
would be required by the Navy to carry
out an adequate program in the fields of
radio, radar, and sonar. The expenditure
of this sum would insure the technical lead
over other nations which has proved to be
so essential to Victory.”

Ralph R. Beal: Assistant to the vice presi-

dent in charge of RCA Laboratories, and
for nine years research director of RCA,
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Philips, is used. Dr. Clifford Frondel, head
of the Reeves-Ely research division, is
credited with this discovery. He has pre-
pared an engineering report on the subject
which can be obtained by writing to the
Company, 62 W, 47 Street, New York.

F. R. Lack: Vice president of Western Llec-
tric and manager of the radio division has
heen elected to the board of directors. He
has been associated with this Company
and Bell Telephone Laboratories since
1911, when he started as an assembler. In
1823, he entered Harvard as a special
student, and earned his B.S. degree with
high honors in two and a half vears.

Larger Quarters: Trav-Ler Karenola Radio &
Television Corp. has moved its general
offices, research laboratory, and show-
room to a remodeled four-story building
at 571 W. Jackson Boulevard, Chicago.
All manufacturing will still be done at
their plant in Orleans, Ind.

FM in France: Ordinary commercial transac-
tions have not yet been opened in France.

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

However, 50 copies of FM axp TELEVI-
sIoN per month are being shipped to
France as part of a specially selected
group of American publications chosen for
their “compelling interest.”

New York-Boston: A.T. & T. has announced
the following route for their experimental
radio relay system: Jackic Jones Moun-
tain, Haverstraw Township, N. Y., 35
miles from the New York City terminal;
35 miles to Birch Hill, 5 miles southeast
of Pawling, N. Y.; 30 miles to Spindle
Iill, 4 miles southwest of Bristol, Conn.;
27 miles to John Tom Iill, 7 miles ecast of
Glastonbury, Conn.; 23 miles to Bald IIill,
3 miles cast of Staffordville, Conn.; 27
miles to Asnebumskit Mountain, 5 miles
northwest of Worcester, Mass.; 32 miles to
Bear Hill, 1 mile northwest of Waltham,
Mass.; 11 miles to the terminal in Boston.
Frequencies of 2,000, 4,000, and 12,000
me. will be used for the initial tests.

Correction: The draftsman who prepared
the sketch for Major Armstrong’s Fig. 1 in
his brief presented at the FCC’s Oral
Argument identified the reflecting layer as
the Troposphere. Obviously, it should
have been identified as the Ionosphere.
This correction also applies to the repro-
duction of the sketech which appeared on
page 29 of our March 1945 issue.

Research  Lahoratory: International Tele-
Communication Laboratories, a $2,000,-
000 corporation, has been organized by
the International Telephone & Telegraph
Corporation and its subsidiary, Interna-
tional Standard Electric  Corporation.
Through the new corporation the en-
gineers and scientists of I.T. & T., func-
tioning in America and numerous other
countries, will be grouped in a world-wide
organization, with headquarters in the
United States. E. L. Deloraine, general
director of Federal Telephone and Radio
Laboratories, is president of the research
organization.

The accompanying illustration shows
the architect’s sketch for the new head-
quarters laboratory building. It is planned
that L'T.L. will concentrate on initiating
and developing inventions, and provide
an interchange of information with
L'T. & T. laboratories and manufacturing
and communications subsidiaries now
located in many parts of the world.

George L. Beers: Ilas been appointed as-
sistant director of engineering in charge of
advance development at RCA Vietor. As-
sociated with the Company since 1921, he
(CONTINUED ON PAGE 78)
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RIGHT: THIS TYPE OF AN-
TENNA PROVED EFFECTIVE
EVEN WHEN THE TRAIN
PASSED THROUGH LONG
TUNNELS

INSTANTANEOUS RADIO COMMUNICATION BETWEEN EN-
GINEER AND CONDUCTOR CAN CONTRIBUTE MUCH TO
SPEEDING UP THE OPERATION OF FREIGHT TRAINS

WORKING WITH EDWARD MUSGROVE, RIO GRANDE'S RADIO SUPERVISOR, MOTOROLA ENGINEER HENRY KOLL, LEFT, MADE THIS FM
INSTALLATION TO CHECK PERFORMANCE FROM DENVER TO SALT LAKE CITY THROUGH 50 TUNNELS. LONGEST IS 61; MILES

NEWS PICTURE

HE use of FM communications for
railroads, actively  sponsored by F.M
and TELEVISION for nearly two years.

April 1945

is now making definite progress. These
pictures show an FM  test installation
which performed very suecessfully on a
G5-car Denver & Rio Grande Western
freight train operating between Denver
and Salt Lake City. Because engineer
George (V'Biren could talk direcetly to the

formerty FM Ranio-ErcrroNics

World Radio Histo

conductor in the caboose. without delays
occeasioned by dependence on hand., whistle,
and air-brake signals. 8 hours were eut oft
the normal running time, Edward Mus-
grove, radio supervisor for the road, de-
seribed the performance as highly suecess-
ful. Equipment was installed by Motorola.
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BROADCASTING &
COMMUNICATIONS

HANDBOOK

Chapter 3: Operational Advantages of Propagation at the FM Frequencies

HE two previous chapters have ex-
plained the notable improvements that
are obtained when a well-designed system
of FM transmission and reception is sub-
stituted for AM. The advantages in the
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FIG. 1. ARRANGEMENT OF THE SHELLS OF
THE EARTH'S ATMOSPHERE

favor of FM that were enumerated are
inherent in the FM circuits, and are not
dependent upon the signal carrier fre-
quencies employed in the two systems.
As a practical matter, however, since
FM requires a greater ehannel width than
AM, FM stations must be assigned to a
higher portion of the frequency spectrum,

BY RENE T. HEMMES

where a greater band of frequencies is
available.

For example. the FM broadcast station
cliannel width is 200 ke., while the channel
width of the AM station is 10 ke, The
present standard broadeast band, extend-
ing from 3550 to 1,600 ke.. provides 106
10-ke. channels for the AM stations but
could furnish only 5 channels 200 ke. wide
Ilence it has been necessary to assign fre-
quencies above 40 me. to the FM broad-
cast stations. For the same reason, the
frequencies allocated to police radio and
other emergeney communication systems
are considerably higher in the case of FM
than with AM.

This shift to a very high carrier fre-
quencey, incidental to setting up an FM
system, introduces additional advantages
in terms of improved signal coverage, as
will be explained in this chapter.

Tu particular, the FM signals suffer less
from the effects of the Ionosphere than
AM signals at the lower carrier frequen-
cies. With a view to understanding the
difference between the propagation char-
acteristics of the FM and AM frequencies,
it is desirable to review briefly the nature
of the Tonosphere and its effects upon
radio signals.

Nature of the lonosphere * The atmosphere
of the earth can be regarded as consisting
of a number of concentric shells or layers
of various thicknesses above the carth's
surface, as shown in Fig. 1. Each layer has
its own distinguishing characteristics and
certain of the layers exercise an influence
upon radio waves, as will be shown pres-
ently.
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FIG. 3. TYPICAL PATH OF A WAVE RETURNED TO EARTH FROM THE F2 LAYER
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The shell nearest to the carth’s surface
is called the Troposphere, cxtending up-
ward about 10 miles. It is the weather belt
of the carth, with fluctuating tempera-
tures and barometric pressures.

-

200

"
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1%

100

RELATIVE IONIZATION

FIG. 2. DEGREE OF IONIZATION AS A FUNC-
TION OF HEIGHT ABOVE THE EARTH

Above the Troposphere in Fig. 1 is
shown the Stratosphere or Isothermal layer
of thin air, whose distinguishing charae-
teristic is a constant temperature of about
— 67° F.

The Ozonosphere, a third layer about 18
miles in thickness above the Stratosphere,
contains free oxygen which serves to ab-
sorb the actinic rays of the sun. Its tem-
perature rises as high as 200° F. during the
daytime but falls to — 67° F., like that of
the Stratosphere, at night. Above the
Ozonosphere is a layer about 20 miles
thick, called the Alto-troposphere. This
layer also absorbs sunlight and undergoes
wide variations of temperature between
day and night. The temperature varia-
tions cause changes in atmospheric pres-
sure of an appreciable percentage, but the
order of all pressures at these altitudes is,
of course. quite low.

The fifth layer is the /onosphere, hegin-
ning at a height of about 60 miles above
the earth and extending upward for several
hundred miles, at least. It is characterized

FM axp TeLevisioN



by an air pressure as low as .00000001 of
the normal pressure at the surface of the
earth. The pressure within the Ionosphere
13, therefore, in the order of that found
within a vacuum tube.
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FIG. 4. VIRTUAL HEIGHTS AND CRITICAL
FREQUENCIES OF IONOSPHERE LAYERS

Throughout the earth’s atmosphere
there is lonization, that is. radiation from
the sun acting upon the molecules of the
gases of the air causes the liberation of
clectrons and the creation of ions. The
ionization is very slight in the Troposphere
but tends to increase with altitude, be-
cause in regions of reduced atmospheric
pressure the likelihood of a rapid recombi-
nation of eclectrons and ions diminishes.
Particularly in the Ionosphere, where the
pressure is extremely low, a liberated elee-
tron can travel for a relatively long time
before encountering anion. Thus compara-
tively large numbers of free electrons and
ions exist at the high altitudes of the
Tonosphere, as indicated by the curve of
Fig. 2.

It will he noted that the ionization
within the Ionosphere, Fig. 2, is not of
uniform density but is concentrated in at
least three layvers. designated [, F, and
F.. at varous heights. This is believed to
be due to a difference in the proportions of
the several gases at various levels in the
Ionosphere, since the gases ditfer in their
ability to absorh energy from solar radia-
tion.

When a radio wave from the earth ap-
proaches one of these layers of ionization.
it will tend to be reflected or refracted
back toward the earth, as shown in Fig. 3,

pril 1945

provided the frequency of the wave is not
too high. The mechanism of bending is
explained as follows: When the wave
enters the ionized region. its electrie field
sets the free electrons and ions into a
vibratory motion. The movement of the
heavy ions is so slight as to be unimpor-
tant. but the movement of the electrons is
appreciable. The path of movement of the
electrons is determined by the orientation
and the direction of nwotion of the elec-
tric field. and by the magnetic field of the
earth. The vibrating electrons represent a
current that creates a reradiated field,
which. together with the original field.
causes a hending of the direction of motion
of the wave. away from the region of more
intense ionization.

As the frequency of the wave is lowered.
the refraction or bending is greater. On the
other hand, if the frequency of the wave is
sufficiently high, the wave can penetrate
one layer, but may be refracted by the
next higher layer, which has a greater de-
gree of lonization. It is also possible for the
frequency of the wave to be so high that it
will penectrate all layers and be lost in
space. Whether or not the wave will be
bent back to earth depends. therefore.
upon the frequency of the wave, the height
of the refracting layer. and its density of
ionization.

The density of ionization of a layer is
measured by determining the highest fre-
quency that can be returned to earth from

the layer, when the wave enters the layver
perpendicularly. This frequency is called
the critical frequency.

The virtual height of a layer is that
height at which reflection from a sharply
defined plane, in the absence of ionization,
would give the same transit time as is
taken by the refracted sky wave in travel-
ing over its curved path from the trans-
mitter to the receiver. In other words. in
Fig. 3. the same time would be taken to
travel over the path .1 /(' at the velocity
of light as is actually required by the wave
in traveling its curved path .IBC at a
velocity which, in the vicinity of B, is less
than the velocity of light.

The lowest important ionized layer
within the lonosphere is the £ layer, whose
virtual height remains practically constant
al 70 to 75 miles thronghout the daytime
during every season ol the yvear. As shown
in Fig. 4, the eritical {requency of the k£
layer is variable. with a maximum at local
noon. The maximmum is higher in summer
than in winter.

The next higher daytime layer is desig-
nated the /7, layer. whicli. as shown in
Fig. 4. has a minimum height of about 130
miles at local noon, with somewhat greater
heights in the forenoon and afternoon.

The third important daytime layer is
the I layer. It is much higher than the
I layer during most of the daytime in the
summer, but the difference in height is not
as great in the winter. The eritical fre-
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quencies of both the F, and F; layers are
variable, being maximum at local noon in
the winter and during the late afternoon
in the summer.

With the approach of sunset, the height
of the F) layer increases while the height
of the F, layer approaches that of the F,
layer. At sunset, the layers merge to form
a single F layer which remains throughout
the night, rising to a maximum height of
about 200 miles at local midnight. Shortly
after sunrise, the F layer separates into
the Fy and F, layers previously mentioned,
except on winter days during a vear of
great sunspot activity, when the layers do
not separate appreciably.

While the virtual heights of the layers
vary with the time of day and the season
of the year, the cycle of variations of vir-
tual height is repetitive with little change
from year to year. The critical frequencies
of the layers, however, are affected by the
sunspot numbers, and hence are subject to
variation over the period of the 11-vear
sunspot cycle. In a year of large sunspot
numbers, the critical frequencies of all
layers, particularly that of the F; layer at
local noon in the winter, are very much
higher than in the years of slight sunspot
activity.

Sufficient knowledge of the general
trends of the variations of the Ionosphere
characteristics has been gathered during

periods around noon on winter days in the
years of greater sunspot activity, when
long distance transmission by F; layer
refraction can occur at frequencies some-
what in excess of 40 me. In general, how-
ever, the skyward transmissions of radio
waves at FM frequencies penetrate the
ionized layers and do not return to earth.

On the other hand, the frequencies of
the broadcast band, from 550 to 1,600 ke.,
are well below the eritical frequencies of

other hand, when the intense radiation
from the sun in daytime causes the ioniza-
tion to be extended downward in the E
layer, and even to regions in the Alto-
troposphere, just below the £ layer, then
an area of high absorption characteristics
is created because of the higher pressure
of the gases within the area. Since waves
at AM broadcast frequencies would tend
to make their refractive bend largely
within this area, below the E layer, they
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FIG. 7. TRANSMISSION AT VERY HIGH FREQUENCIES IS EFFECTED BY MEANS OF BOTH
GROUND-REFLECTED WAVES AND DIRECT WAVES, AS THIS DRAWING SHOWS

the F\, and F, layers, and also somewhat
below the critical frequency of the £ layer.
It would appear at first thought, therefore,
that skvwave transmission would occur at
the standard broadcast frequencies at all
times. Actually, such transmission occurs
only at night because in the daytime the
absorption of energy in the regions imme-

are especially susceptible to absorption
and very little skywave energy is returned
to the earth at these frequencies in the
daytime.

Daytime AM Broadcast Coverage * Since sky-
wave transmission is not feasible on AM
broadecast frequencies during daylight

GROUND
WAVE

FIG. 6. LEFT: AM BROADCAST TRANSMISSION DURING DAYLIGHT HOURS IS BY MEANS OF THE GROUND WAVE. SKYWARD TRANSMIS-
SION IS ABSORBED IN REGION BELOW E LAYER. RIGHT: AT NIGHT, SKYWAVES, RETURNED TO EARTH, GIVE LONG-DISTANCE COVERAGE,
BUT CAUSE FADING IN THE OUTER PORTION OF THE AREA REACHED BY THE GROUND WAVE

the past decade to permit the prediction
of Ionosphere propagation characteristics
in advance. The predictions have consid-
crable reliability, except for short periods
of unusual sunspot activity.

Effects of the lonosphere * 1t has heen stated
that the Tonosphere has more effect upon
the radio waves of the standard AM
broadeast frequencies than upon the radio
waves at M frequencies. The reason is
quite simple. FM broadcast frequencies
are in excess of 40 me., and hence are
greater than the maximum critical fre-
quencies of all the ionized layers, with the
exception of the F, layer during short
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diately below the E layer is so great at the
AM broadceast frequencies that no appre-
ciable encrgy from the skyward transmis-
sion returns to the carth.

The absorption of energy from the radio
wave in the upper reaches of the atinos-
sphere is caused by collisions between the
free electrons that have been set in vibra-
tory motion by the cleetric field of the
wave and the drifting gas molecules.
Within the Ionosphere, from the £ layver
upward, the absorption is quite small, be-
cause while many frec clectrons are pres-
ent, the atmospheric pressure is so low
that collisions of the electrons with gas
molecules a