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Facts, figures and "television know-how™ are
needed when considering this important ques-
tion, Du Mont is qualified to help you find the
answer. Du Mont has marched in the forefront
of radio and electronic progress for the past 15
years. Du Mont has contributed importantly to
television broadcasting and receiving equipment
design. Du Mont has built more television sta-
tions than any other company. Du Mont has
operated its own Station WABD and commer-

AND STATION WABD, 515

WHEN CAN
TELEVISION TURN A PROFIT?

cially programmed its telecasting time since 1942.

From this deep reservoir of television expe-
rience, Du Mont has drawn a pattern which
you can use to plan your television future. This
pattern is presented in detail in our new booklet,
“The Economics of Television.” This booklet
sharpens but one axe—the tested superiority of
Du Mont station equipment. It is another im-
portant Du Mont contribution to the develop-
ment of a great new medium. Pleasc request this
booklet on your firm letterhead.

Copyright 1946, Allen B. Du'Mont Laboratories, Inc.

MADISON AVENUE, NEW YORK 22, NEW

ALLEN B. DU MONT LABORATORIES. INC., GENERAL OFFICES AND PLANT, 2 MAIN AVENUE, PASSAIC, N. J.
TELEVISION STUDIOS

YORK



THE HRO-5TA

Your old friend, the HRO, has seen active service all over the
world with the armed forces of the United States and our allies.
Much has been learned, and the HRO has emerged from its trial
by fire an even better receiver than the superb receiver you
knew before the War.

The HRO-5TA (table model) and the HRO-5RA (rack mounting)

are new receivers incorporating design improvements based on
field reports from all over the world. They are superb performers

of extreme reliability.

The new National catalogue lists the new

HRO-5A receivers and their accessories to-

gether with a versatile group of parts you will
need in your new rig. Ask your

dealer for a copy.

NATIONAL COMPANY, INC. maLoIN
MALDEN, MASSACHUSETTS, U.S.A. * ke * K
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\TORS (FM and AM)

FREQUENCY MON

UIPMENT (FM @

ENTRIC TRANS

"o 3" diameter.

¢ various 1ypes

11MF. TELLS. Equipment engineered and built by
DOOLITTLE years ago still serves today ... 24 hours a
day ... without interruption.

That's because DOOLITTLE pioneering work back in
the days of emergency radio’s infancy was basically sound.
When war came, DOOLITTLE engineering and pro-

duction facilities were enlisted for the Naval Asircraft
Factory and the Burean of Aeronautics.

Turn all this experience to your advantage. Build the
success of your emergency forces around FM or AM equip-
ment completely engineered, built
and matched by DOOLITTLE.
With such equipment in your
service ... many benefits are

yours today ... and will still be
yours years from now!

A FEW OF THE MANY ADVANTAGES

Low Power Consumption ¢ Maxi-

mum Coverage o Latest Electrical

and Mechanical Design ¢ Compact

Easy to Install e Simple to Service
Proved Reliability

M
STATION TRANSMITTERS (F .
i dels. Power © i '
L uvm‘u:s‘e x‘s:ure maximum 'e(‘:u‘u:":r‘-
i ic
‘000‘ \:l:reliubiii'y und‘ezonocr:“'ml jptie
ﬂb‘°“' o Station Receivers: Ay
'e“:’::;essories to meet your n
an

7421 S. LOOMIS BLVD., CHICAGO 36, ILL.
Builders of Precision Radio Communication Equipment
for Police, Fire, Government, Forestry, Railroad, Public
Utility and other emergency services.

M oaxp TELEVISION
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DuMont Larorarories will soon

qd have a television transmitter op-

N erating with the antenna shown on

X! this= month> cover, The 9001,

mas=t. weighing nearly 3 tons, has

been erected on the roof of W ash-
A ington’s llnl.vl I!urrlngloll. The |
i oy s main mast s of seamless steel
tubing 16 ins. in diameter, while

TN the top mast tapers from 6 (o

31 ins. Designers Fellheimer and
Wagner, of New York, provided |
me for lowering the top mast to
facilitate tuning and inspection. |
A erane was <et up on the Hotel to
raise the mast 232 ft, to the roof.
During  exprrimental  operation,

station call letters will he W3XW'I"

BLAW-KNOX raviators

Entered as second-class matter, Aagust 22, 1945, at the Post O Great Barri M o
1879. Additional entry at lha'l'usl Office, (?gr;::s:nl:‘jav. I;f';’l;;fl::;'m ?l;‘:i;”lsde:l‘he L 3
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. FCC lleariNG oN
Lower IFM Baxp

2. I'VM AvnLocartiox PLax

] Just as we are closing this issue, word
1 has been received that, i response to
a petition filed by Zenith Radio Corpora
tion, the FCC will hold a hearing January
I18th to consider the possible retention of
the 42- to 50-me. band for FM broad-
casting.

This was not unexpected. FCC advisers
who insisted that FM must move to 80
me. justified their stand on the basis of the
necessity for providing rural FM cover-
age. Now, the Commissioners realize that
they were misled, for the contentions of
those who spoke with the authority of
personal knowledge and experience are
being confirmed. Upper band FM cannot
deliver the rural coverage that Mr. Nor-
tou read from his curves. Perhaps that is
the reason why Mr. Norton 1s no longer at
the FCC,

The notice of the new hearing, dated
January 3, 1946, reads:

Feneran CommuynicaTions CoMMISSION
WASHINGTON, D, C.

The Comniission having under consid-
cration a petition filed by Zenith Radio
Corporation on January 2, 1946, request
ing that the band 42 megacyeles to 50
megacyeles be assigned for FM broad
casting in addition to the assignment al
ready made to I'M in the 88 to 108 mega-
cle band.

I'T 1S ORDERED, This 8rd day of
January. 1946, that a hearing on suid pe-
tition bhe held before the Commission en
bhane at 10:00 an, on January 18, 1946,
on the following issues:

1. Whether the band 42 megacyeles to
50 megacyeles, or any part of it, should be
made available for FM broadeasting in
addition to the assignment already made
to I'M in the 88 to 108 megacyele band.

2, If any portion of such band is made
available for FM hroadcasting, whether
such frequencies should be available for
Non-Commercial Educational, Commu-
nity, Metropolitan and Rural 1M stations

or only for Rural FM stations and whether
such frequencies should he available for

M stations in the entire United States

DIVISION OF ESSEX WIRE CORPORATION 55 or only in Area 11,
3501 WEST ADDISON STREET 3, Tq .ohtuin inl'orn‘lution .concc.rning
the additional cost of FM receivers if the
CHICAGO, I8 band 42 megacyeles to 50 megacycles or

TRADE MARK REG

(CONTINUED ON PAGE 70)
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Clocks with tiny crystal hearis

that beat 100,000 times a second

CrysTaL tEARTS beat time in Bell Tele-
phone Laboratories, and serve as stand-
ards in its electronics research. Four
crystal clocks, without pendulums or
escapements, throb their
cycles without varying by as much as a
second a vear.

successive

Precise time measurements may seem
a far cry from Bell System telephone
research. but time is a measure of
frequency. and frequency is the foun-
dation of modern communication,
whether by land lines, cable, or radio.

Januwary 1946

These clocks are electronic devices
developed by Bell Laboratories, and
refined over years of research. Their
energy is supplied through vacuum
tubes, but the accurate timing. the con-
trolling heart of the clock, is provided
by a quartz crystal plate about the size
of a postage stamp.

These crystal plates vibrate 100.000
times a second, but their contraction
and expansion is submicroscopically
small—less than a hundred-thousandth
of an inch. They are in sealed boxes

formerly FM Rabro-ELkctroNies

to avoid anv variation in atmospherice
pressure. and their temperatures are
controlled to a limit as small as a
hundredth of a degree.

Bell Laboratories was one of the first
to explore the possibilities of quartz in
electrical communication. and its re-
searches over many years enabled it to
meet the need for precise crystals when
war came. The same character of re-
search is helping to bring ever better
and more economical telephone service
to the American people.

BELL TELEPHONE LABORATORIES Exploring and inventing, devising and

perfecting for continued improvements ond economies in telephone service.

)



enAstatic Cartridges

Improve Phonograph Reproduction

NTENDED for use with both automatic record

l

changers and manually operated equipment,

these new Astatic Cartridges, in MLP and L-70 Series,

assure a degree of fidelity heretofore unparalleled in the

reproduction of recorded sound. All new Astatic Phono-

graph Pickup Arms will include these finer Cartridges.

L-70 Series Cartridges
are of the replaceable
needle type, are designed
with streamlined hous-
ing, high output voltage
and low needle pressure.

duced needle talk.

“You'll HEAR MORE

from Astatic”

e —

MLP Series Cartridges are of the
permanent or fixed stylus type and
are engineered to operate at one-ounce
pressure, with increased vertical com-
pliance, higher output voltage and re-

©® Astatic Crystal Devices
manufactured under Brush
Development Co. patents.

CONNEAUT, OHI

IN CANADA. CANADIAN ASTATIC LTD, TORONTO, ONTARIO

CORPORATION

o

e ——— !
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BRAND NEW CLEAR THRU

Here’s the announcement the entire radio
industry—and millions of radio huyers all
over America—have been waiting to hear:
“The new Zenith radios will be announced
this month.”

And what a load of thrills you'll get
when you first inspect these sensatfonal
new radios. There’s not a “warmed over”
or “tricked up” model in the lot—every
one reflects the very latest innovations

in styling, engineering and features.

YOU’LL SEE THE NEW

THE EYES OF THE
RADIO INDUSTRY
ARE ON ZENITH!

Yes, everybody has been watching and waiting to
see what Zenith will do. And this is the month
the big news breaks. This month Zenith dealers all

over America will see for themselves that

the new 1946 Zeniths are

Here are the radios you’ve been wait-
ing for—completely new radios with new
beauty, new circuits, new dials, new
performance, new features. Radios that
all America will approve and buy inrecord-
breaking numbers. Your distributor will
advise you when he will show you this
great new Zenith line.

ZENITH RADIO CORPORATION

6001 W. Dickens Avenue -+ Chicago, lllinois

IN ONLY A FEW DAYS

January 1946
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'[% News About
Small Speakers

Permoflux leads again with the devel-
opment of a new permanent magnet
dynamic speaker providing maximum
performance with minimum magnet
weight.

With less than a 1% ounce Alnico Fiva
magnet weight, Permoflux now achieves
performance only obtainable before by
using a much heavier Alnico Five magnet.

Setting a new standard for speakers up
to 6”, this new unit is particularly adapt-
able to portables and farm radios—in
fact to all receivers, battery or power
line operated, wherever weight is
an important factor,

PERMOFLUX CORPORATION
4900 WEST GRAND AVE., CHICAGO 39, ILL.

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYWK TRANSDUCERS

-

Garrard: Distributors are being appointed
for Garrard record changers, now avail-
able again in the U, 8., by Garrard Sales
Corp., 401 Broadway, New York 13, N. Y.

G.E.: New sales manager of industrial and
transmitter tubes is J. E. Nelson. He will
make his headquarters at Schenectady.

' Hallicrafters: Has appointed Jack F. MeKin-

| ney of Dallas as southwestern regional
sales manager of its Echophone home
radio division. Robert H. Campbell has
joined the Company in the same capacity
for the midwest territory.

Raytheon: General sales manager of the
receiving tube division is L, R. O'Brien,
formerly director of sales for Ken-Rad. He
will make his headquarters at Raytheon’s
Chicago office, +45 Lake Shore Drive.

Measurements: Frank M. Murphy has opened
a Chicago office at 21 E. Van Buren
Street. where he will operate as sales rep-
resentative for Measurements Corpora-
tion.

Farnsworth: Has moved its Chicago dis-
tributing braneh from 540 N. Michigan
Avenue to new offices and showrooms in
the American Furniture Mart, 666 Lake
Shore Drive. E. J. Hendrickson is manager
of this branch,

| Etel-McCullough: Tim Coakley of Boston has
been appointed Eimac sales and engineer-
ing representative for the New England
states.

Radio Receplor: New Washington and gov-
ernment representative for Radio Re-
ceptor is F. G. Harlow, formerly sales
engineer for Westinghouse.

Hollywood: Iirnest V. Roberts is back at
Fry & Roberts, manufacturers’ repre-
sentatives at 6406 Sunset Boulevard,
after four years divided between the
R.A.F. and serving as a 1st Licutenant of
the Marines.

Philco: The name of Phileo Radio & Tele-

vision Corporation, wholly-owned sub-

sidiary handling distribution of Philco

produets in the U7, 8., has been changed to
| Phileo Products Incorporated.

Harry B. Segar: Of Buffalo, N. Y., passed
away on November 22nd. He was the very
successful and popular representative of
Amphenol, Jensen, and I.R.C.

FAM anp TeLEvVISION



HE BREAKER ARM is anm important small
part in any automotive igrition system.
Synthane for this application is a good exan-
ple of using plasties where plasties belong.
Synthane qualifies here hecause of its high
resistance to impact fatigue. excellent w earing
qualities, and insulating characteristics.
For these reasons, or possibly others,

SYNTHANE CORPORATION

Syanthane may be just what vou need in yvour
product. It’s easy to find out, and almost always
better to find out before you design.

Perhaps we can help vou fit plasties into
vour job. and furnish you the neeessary mate-
rials or the complete part ready to install.
In any event, don’t hesitate 1o call on us.
And write for the complete Synthane catalog.

o OAKS . PENNSYLVANIA

SYNTHANE

SYNTHANE TECHNICAL PLASTICS o DESIGN » MATERIALS « FABRICATION o SHEETS « RODS o TUBES » FABRICATED PARTS o MOLOED-LAMINATED » MOLOED-MACERATED

'World Radio Histo!



ERE, on the “banks” of ’45 are a handful of the

H thousands of products stranded by the flood
waters of the war in “t1. All of them were applications — ’
<3 :
making usc of our type of plastics ~Synthane. You are ” / >
. - /. ATY ‘/
probably taking up where you left off or going into e O

new lines of manufacture.

If vou are a little rusty on the pre-war part Synthane
might have plaved in your product, or need assistance
in designing for the use of Synthane in new or improved VALLEY FORGE
products, send for our complete catalog, or ask for

our help now.

SYNTHANE CORPORATION, OAKS, PENNA.

0N

%

Gentlemen: i #ﬂ

S
Please send me without obligation the complete catalog of E
Synthane technical plastics. SYN[HANE] §
JT& 1
NAME @ §
COMPANY Representatives in All Principal Cities
ADDRESS PLAN YDUR PRESENT AND FUTURE WITH SYNTHANE TECHNICAL PLASTICS « SHEETS

RDDS « TUBES « FABRICATED PARTS « MDLDED-LAMINATED « MOLDED-MACERATED
ciry ZONE STATE



SYLVANIA NEWS

ELECTRONIC EQUIPMENT EDITION

JAN. Published by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1946

NEW T-3 TUBE FILLS NEED FOR SMALLER
UNIT IN TINY BROADGAST RECGEIVERS

Commercial Version of
Proximity Fuze Tube

Is Rugged,Has Long Life

Following Sylvania Electric’s recent an-
nouncement about the sensationally small
vacuum tube—originally developed for the
now-famous proximity fuze transceiver—
have come many inquirics concerning this
super-midget,

SET MAKERS ESPECIALLY INTERESTED

Since the commercial version of the “war-
baby” is being produced, many set manufac-
| turers are extr emcly interested in its qualities

— with a view toward making radios about

the size of the average wallet or package of
I cigarettes, miniature walkie-talkie scts and
other units.

This new tube, then, is being made in a
| low-drain filament type and is able to oper-

ate at 1.25 volts. This takes advantage of a

new, small battery developed during the war
r which, of course, is a further aid in the man-
ufacture of remarkably small radio sets.

WILL BE AVAILABLE FOR ALL TYPES

Future designs of this versatile tube can
be incorporated in radios ranging in size
‘ from tiny pocket sets up to deluxe receivers.

For any further details, or questions you may want answered It has a life of hundreds of hours, is rugged
about this tiny, sturdy vacuum tube, do not hesitate to0 | and cxceptionally adaptable to operation at
arite or call Sylvania Electric Products Inc., Emporium. Pa. | high frequcncies.

SYLVANIA¥ ELECTRIC

Emporium, Pa.
_ MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES: FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS

January 1946—formerly FM Rapio KLECTRONICS 9



As a reading glass aids visual
scarch, so MICROLINE test and
measurement equipment provides
means for making all measurements

at microwave frequencies.

Sperry announces a comprehen-
of

measurement equipment for labora-

sive line microwave test and

/

i

sl
30|
R
\Sa
e

r
\

tory and field use. The new line...
the MICROLINE... is the outgrowth of
years of research and experience in
modern microwave techniques be-
ginning with the development of

the Klystron.

Write our Special Electronics De-
partment for further information.

Visit the Sperrv hooth at the I.R.E. Convention

o / /

Available now:

WAVEMETERS ¢« WATTMETERS

BARRETTER ELEMENTS
AND MOUNTS

DIRECTIONAL COUPLERS
KLYSTRON SIGNAL SOURCES
STANDING WAVE DETECTORS

ATTENUATORS

IMPEDANCE MATCHING
EQUIPMENT

WAVEGUIDE AND COAXIAL
COMPONENTS

SPERRY GYROSCOPE COMPANY, INC. crear neck. v v.

3

Deviscorn (/ e gﬁe/my Coproralion

*

LOS ANGELES « SAN FRANCISCO « SEATTLE » NEW ORLEANS
CLEVELAND « BROOKLYN « HONOLULU

10
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viiF-UHF

L ™

FORMERLY BIRD ENGINEERING COMPANY
7 !U _ u ﬂ /0’& g o ! o ,
1800 EAST 38th STREET +* CLEVELAND 14, OHIO

dE BIRD ELECTRONIC corpoRATION
N
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“I can even recogm'ze your voice!”’

¢ last! A mobile FM receiver with a NATURAL voice quality

. . . the FM-39X, exegéuecered by KAAR!

Here is the FM receiver that users of emergency such a distinct improvement that it will be a rev-
communications have waited for so long! A re- elation to anyone who has had previous experi-
ceiver that brings in the low as well as the high ence with FM radiotelephones. In fact, decidedly
tones, rounding out the voice so that you can finer voice quality is obtained even when this
readily recognize who is speaking! new recciver is used with other makes of FM
' The FM-39X is a fitting companion for the re- transmitters.
markable 50 and 100 watt INSTANT-HEATING The receiver has two r. f. stages instead of the
KAAR FM mobile transmitters which were re- usual one, resulting in better signal-to-noise ratio
cently announced. The over-all voice quality and greater discrimination against spurious sig-
through the KAAR transmitter and receiver is nals. For full details, write for Bulletin 24-45.

KAAR ENGINEERING CO.

PALO ALTO =+« CALIFORNIA

Export Agents: FRAZAR AND HANSEN, 301 Clay St., San Francisco, Calif.

Engineered by the Pioneers of %Fﬂ and AM transmitters

12 F1 anp TELEVISION
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Right on your door, every visitor will see this smart, modern decal —
and know your shop is operated by Bonded Electronic Technicians.
Here, where your profits stari, vour doorway becomes a sales-aid.

And this is only the beginning. Wall banners, displays, job record
cards—the Raytheon Bonded Elecironic Technician will have plenty
of these 10 help build a substantial, money-making radio service
business. See your Raytheon distributor today. Find out how vou can
qualify 1o become a Bonded Electronic Technieian. Join the practical,
responsible business men known to their communities as Bonded
Electronic Technicians.

Another reason why it pays to qualify as a Raytheon
Bonded Electronic Technician,

MANUFACTURING COMPANY 4 Encellovice in Electiondes
Y RADIO RECEIVING TUBE DIVISION

NEWFON, MASS. * NEW YORK ¢ CHICAGO

13
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-AND NOW THE NEW

STUDIO A STUDIO B 4 SPECIAL

CUE INPUTS

MICROPHONES "ON-AIR" AND MICROPHONES
REHEARSAL LIGHTS

LOUDSPEAKER

e 8 REMOTE LINES

LOUDSPEAKER “ON-.AIR"" AND
ANNOUNCE BOOTH REHEARSAL LIGHTS (INCLUDING NETWORK)

)
U

MICROPHONE LOUDSPEAKER

“ON-AIR" LIGHT

Q|

160-E1-6914

GENERAL o) ELECTRIC

Iy
FM anp TELEvISION
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CONTROL ROOM
&

J3 e

HEADPHONES ANNOUNCE
MICROPHONE

TALK-BACK

LOUDSPEAKER TRANSCRIPTION MACHINES

“ON-AIR" LIGHT

2 CUTGOING CIRCUITS
TO "ST,” LINES, OR
TRANSMITTER

The new G-E two-studio Consolette is a compact,
fiexible and economical speech input equipment
designed to meet the needs of every station,
FM or AM.

A Partial Ust of the Features thot maks the G-E
Consolette cn ln\ »ortant Part aof Every Station,
FM or AM: ‘

® Contains ail omplifiers anc controls for complete
operation of 2 studios, announce booth, turn-
tobles, ond remote lines’

@ Input connections for B studio microphones, 2 an-
nounce microphones, talkback microphone, 8 re-
mote lines [including network), 2 trenscription
turntables, and 4 special cue input circuifs.

@ Output comnections far 2 outgoing lines, 4 loud-
speakers, 4 sets af “on-air’ and ‘'‘rehearsal”
lights, and headphones.

® 4 pre-amplifiers pravide simultaneaus operation
of 4 microphones,

® 2 program amplifiers provide extreme flexibility
in operation and reliability af service. Each am-
plifier has individual gain control andl pawer
supply.

@ Monitor amplifier with individual power supply is

also used for talk-back circuit with "aver-ride’
faature. All “interlocking®™ is built in.

@ Simultaneous facilities for broadcesting and re-
hearsing.

@ Bectrical performance to meet FM requirements.
At normal output level distortion is less than
1% rms, 50 to 7500 cyzles. Response is within
z db, 30 to 15,000 cycles. Noise level is 65 db
ktelow grogram level.

® Two-tone, blue-gray cabinet is only 10%2 inches

high, providing complete visibility over top af
consolefte,

Big-Station Studio Control Flexibility

for Every FM and AM Station

HE General Electric Consolette provides com-
plete studio control facilities—monitoring,
cueing, simultaneous broadcasting and rehears-
ing, and over-ride talk-back that operates without

need for order wires—all at a price any station
can afford, FM or AM.

Here is an outstanding control unit that con-
tains all the amplifiers and controls needed for
complete operation of one studio, two studios, or
two studios and an announcer’s booth—including
ten microphone inputs. Two program amplifiers
permit instantaneous switching of the program

from one amplifier to the other.

A new improved push-button system and sim-
plified switching gives the G-E Consolette excep-
tional flexibility and new freedom from operating
errors. Careful arrangement of controls and a
correctly sloped panel combine full visibility with
operating ease unmatched by ordinary consolettes.
A hinged top and a hinged-type chassis mounting

provide complete accessibility.

Ask your nearest G-E office for a copy of the
new brochure that gives complete data on the new
G-E Consolette, or write: Electronics Department,
General Electric Company, Schenectady 5, New York.

FOR EARLIEST POSSIBLE DELIVERY OF YOUR BROADCAST EQUIPMENT,
PLACE YOUR ORDER NOW.

Use G-E Electronic Tubes in your station for maximum
dependability and finer performance.

b
e

BROADCASTING
EVERVTHING PR R TELEVISION - AM
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FM BROADCAST
TRANSMITTER

MODEL 250 BCF

88-108 MEGACYCLES |

TEMCO proudly presents this outstanding achievement in FM engineer-
ing—the result of 10 years of pioneering in custom-built, superlative

communication equipment.

HIGHLIGHTS OF THE TEMCO 250 BCF

9 Normal rated output power 250
watts. Maximum rated output
power 375 watts.

@ Continuous monitoring of the car-
rier frequency by a center fre-
quency deviation meter calibrated
directly in cycles.®

® An exciter unit — heart of the
transmitter—characterized by tun-
ing simplicity azcomplished by em-
ploying only 4 stages to raise the
primary oscillator frequency to the
carrier frequency.

® A new circuit of technically ad-

vanced concept which maintains a
high degree of center frequency
stabilization without introduction
of distortion.

®Peak efficiency and great de-
pendability are obtained by the
use of new miniature V-H-F tubes
in the exciter.

® Improved design in the IPA and
PA stages eliminating tank radia-
tion, feedback, radio frequency
and high voltage potentials from
the tank circuits and transmitter
frame.

*A limited quantity of the TEMCO Model 250 BCF will be available for
January delivery. Orders will be filled in rotation as received. ACT NOW.

Place your order at once.

NOW ON DISPLAY FOR YOUR INSPECTION.
Phone or wire for an appoiniment,

MCO™

RADIO COMMUNICATION EQUIPMENT
TRANSMITTER EQUIPMENT MFG. CO,, INC.

345 Hudson Street, New York 14, N. Y.



Uho initials “CRL” in
the Diamond stand for Centralab

They are an integral part of the
Centralab name, and for more than
a quarter of a century have repre-
sented the utmost in engineering
skill and precision . . . the height of
manufacturing perfection.

Both in original equipment and in
replacements, the symbol “CRL” is
the Mark of Quality.

... Always specify Centralab.

- Ceramic Hi'gh Voltage Capacitors
Bulletin 814

Ceramic High Voltage Copacitors
Builetin 814

Division of GLOBE-UNION INC., Milwaukee

PRODUCERS OF ‘ﬁ - Variable Resistors " degerhs .
2 \) ” Bulletin 697 Tubulor Ceramic elector Switches
_J Capacitors Bulletin 722
Ceramic Trimmers Bulletins 630
Bulletin 695 and 586
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1915. World's first vacuum tube
repeater, produced by Western
Electric, made transcontinental
telephone calls possible.

1919, Among the earliest P. A.
amplifiers were these made by
Western Electric and used at
Victory Way Celebrationin New

York City after World World 1, 1944, 250-watt beachmaster ampli-

' fiers, used by the Navy to direct
landings on Saipan, Iwo Jima, and
Okinawa.

crally in commorcil breadeas AMPLIFIER HISTORY... Made by
ing. Many of these 8.type am-
plifiers are still in use.

Huk Western Electric

191. Negative feedback princi-

pleintroduced by Western Elec- FOI‘ more than 30 yearS, VV eStern Electric haS
rici leph lifi i . . . oy
R made amplifier history. The skill and ability

lic address equipment.

that time alone can bring, plus experience
gained producing highly specialized sound
equipment for war, mean continued leader-
ship for Western Electric in the years ahead.

Buy Victory Bonds and hold them!
1931. Western Electric develop-
ed this first all AC anuplifier unit
which eliminated batteries,
made equipment more compact.

C T

S || ]
1936. One of the twenty 1000- 1937. 120-121 type Western 1942. New and improved battle
watt amplifiers used in the Electric amplifiers for use in announcing system amplifiers of
world’s largest commercial pub- the finest audio systems for the type that helped save the

lic address system at Roosevelt AM and FM transmission, crippled carrier Franklin.

Raceway on Long Island,

FM axp TeLevisioN



Professional Service Directory

é’and/ey 8’ /.?ai/ey

AN ORGANIZATION OF
Qualified Radio Engineers
DEDICATED TO THE
SERVICE OF BROADCASTING

National PPress Bldg., Washington, D. C.

RAYMOND M. WILMOTTE
Consulting Radio Engineer

PAUL A. DEMARS
eAssociate

1469 Church St., N.W ., Washington 5, D. C
Decatur 1234

— I RANK 1

z‘l cINTOSII

Consulting Radio Engineers
710 11th Si. NoW., Wash. 5, D. C.
MEtropolitan $§77

ANDREW CO.

Consulting Radio Engineers
363 EAST 75th STREET, CHICAGO 19
Triangle 4400

MAY & BOND
CONSULTING RADIO ENGINEERS
* * *

1422 F Street, N. W. Wash. 4, D. C.

Kellogg Building Republic 3984

JOHN J. KEEL

Consulting Radio Engineers

Earle Building
NATIONAL 6513
Washington 4, D. C.

GARO W. RAY

Consulting Radio Engineers
For Standard and FM Services
991 Broad Street, Suite 9-11
Bridgeport 3, Conn,

LABORATORY: Hilltop Drive
Stratford, Conn. —Phone 7-2465

Herbert L. Wilson

and Associates
ConsuLTING RADI0 ENGINEERS
AM-FM Television Facsimile

1018 YVermont Avenue, N.W.,
Washington 5, 1. C.

NAtional 7161

MORE RF KILOWATT HOURS
PER DOLLAR WITH

F & O TRANSMITTING TUBES
Freeland & Olschner Products, Inc.

611 Baronne Street, New Orleans 13, La

Raymond 4756

High Power Tube Specialists Exclusively

The

ROBERT L. KAUFMAN
ORGANIZATION

o Construction Supervision (FM-AM),
Technical Maintenance, and Business Ser-
vices for Radio Broadcast Stations.

Munsey Building Washington 4, D. C.
District 2292

DIXIE B. McKEY
ROBERT C. SHAW

CONSULTING
RADIO ENGINEERS

1108 16th Street, N. W.
Washington, D. C.

Svite 405
MEtropolitan 3604

Frequency Measurements
Highest Accuracy — Anytime

One of the best equipped monitoring stotions
in the nation

STANDARD

MEASURING & EQUIPMENT CO
Phones 877-2652 Enid, Oklohoma
Since 1939

* K

BACK NUMBERS
FJ aANnp TELEVISION
ARE AN ESSENTIAL PART
OF EVERY ENGINEERING
REFERENCE LIBRARY

OoFr

FOR PRICES, SEE PAGE 50

* K

FREQUENCY MEASURING
SERVICE

Exact Measurements - at any time

RCA COMMUNICATIONS, INC.
64 Broad Street New York 4, N. Y.

<

Radio Engineering Consultant,
Frequency Monitoring

Commercial Radio Equip. Co.

Internationoal Building .
321 E. Gregory Boutevard .

Cross Roods of the World . Hollywood. Caif

W ashington, D. C.
Kansas City, Mo.

KLUGE ELECTRONICS (O.

Commercial and Industrial
EQUIPMENT
1031 North Alvarado
Los Angeles 26, California

MYRON E. KLUGE EXposition 1742

Cud/om-[.}?uiﬁ

SPEECH INPUT EQUIPMENT
U.S. Recording Co.
1121 Vermont Avenue

Washington 5, D. C.
District 1640
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CLAIM STAKING

Hallicrafters and Very High Frequency

Based on the facts in the case, Hallicrafters can stake out a
very strong claim to leadership in the very high frequency
ficld. The facts include such things as the Model S-37, FM-
AM receiver for very high frequency work, The Model §-37
operates from 130 to 210 Mc.—the highest frequency range
of any general coverage commercial type receiver.
HALLICRAFTERS NEW $600,000 HOME NOW UNDER Hallicrafters further supports its claim to domination in
CONSTRUCTION, the high frequency field with the Model $-36A, FM-A M-
CW receiver, The 36A operates from 27.8 to 143 Mc., covers
both old and new FM bands and is the only commercially
built receiver covering this range.
Further developments in this divection can soon be revealed —
adding farther support to Hallicrafters cluim to continued supremacy
3 4 "¢ g4 A
in the bigh frequency field, w

= ¥ e

an
h al I I [rafters RAD Io THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO
AND ELECTRONIC EQUIPMENT - CHICAGO 16, U. S. A.

20 FM axp Ten



A GI'S REPORT ON LOWER-BAND M

A Veteran Radio Operator’s Experience with FM under Battle Gonditions

Dl').\l{ Mr. Editor,

Your article entitled **Observations
of an AM Listener” in the November,
1945 issue of FM axp TeELEvisiox checks
with my own experience sinee [ returned to
the United States. My only complaint
about what you said is that you didn’t put
cnough emphasis on the superior service
that M can give radio listeners.

In fact. for all the IFM listening you
have done, you really don’t know how
good FM is, and how much superior it is
to AM. During the War, there were only
some fifty FM broadeasting stations in the
whole U.S.A. In Europe. we had thousands
of FM transmitters, many times the num-
ber of broadeasting stations there will
ever be here at home, and in a much
smaller arca.

As a T/4 radio operator in a combat
Infantry division, I listened to FM many
more hours a day, day in and day out.
than vou ever had time to do. Of course,
I was trained on CW, but in battle, at
least everywhere I was. there was no dot-
dash operation. It was too slow. and too
liable to errors and interference from statie
or other transmitters.

One of the main reasons the American
Army moved so fast against the Germans
was that it had overall information sup-
plied by fast communications, In combat
teams, that meant radio, and that radio
meant FM!

For example: In one Infantry division
we had a minimum of 81 SCR-300 radios
operating on 18 frequencies, and more than
150 setsin the 600 series operating on about
40 frequencies. These figures are minimum
approximations. It was a rare day when a
much larger number of sets was not in use.
And of course I am referring only to our
own division.

Army radios are made sensitive rather
than selective on the general idea that it
is better to hear anything at all than to
hear nothing at all. On the basis of tac-
tical use, the most important radio was
the SCR-800, the walkic-talkie, used be-
tween battalion HQ and the line com-
panies. This equipment has a range from
40 to 48 megacyeles, the highest frequen-
cies used by the Army in tactical opera-
tions. There was, therefore, ample oppor-
tunity for trouble and vexation arising
from operational interference. The SCR-
300 was a sensitive and responsive set,
but I cannot recall a single instance when
our SCR-300°s were made inoperative
because of transmissions on other net-
works.

We radio operators at battalion 11Q,

* 6 Kenilworth Road, Worcester, Mass,

BY PAUL L. ZENS*

working as combat radiomen, gave thauks
that we did not have to use AM, although
we did carry one AM set with us. One
night. up in the Siegfried Line. when we
needed more equipment than we had. we
got out the AM set. The loudspeaker
crackled and roared with static. Twenty
different stations came in al once with a
noise like a platoon of tanks. I think we
heard everybody in Furope on that AM
receiver. I mean, at the same time. We
picked up messages in English — both
American and British variety — French,
Russian spoken by women operators, and
some German. At least, we heard every-
body exeept the station we were trying
to reach, which was the nearest station.

It was like being on a party line with
a lot of shrill-voiced gossips. We never
did establish contact. There was too much
static, and too many stations came in on
the same or adjacent frequencies. The
Sxecutive Officer finally yvelled: “Get that
set to hell out of here!” It was never used
again until after V-E Day. In fact, we were
forbidden to use it.

I know the war in Enrope would have
lasted longer if we hadn’t had FM on our
side. We were able to shoot fast and effece-
tively hecause we could get information
quickly and accurately by voice. on FM.

Incidentally, it is my conviction that
the Germans did not hear us, for they did
not attempt to jam our transmissions, nor
was there any evidenee that our messages
were intercepted and the information used
against us. It was all so simple that the
Army had to surround its radio operation
with an air of hocus-pocus lest it be seen
that the cunning of the matter lay in its
very simplicity.

We had some relatively simple proced-
ures. Our relay svstems were good ex-
amples of what could be done casily to
handle difficult problems. In Army par-
lance, our relays were nothing more than
operators whose function it was to trans-
mit messages between two other stations
which could not reach cach other, but
conld talk to a relay operator

An incident on the Siegfried Line will
explain our relay operations. At this time,
the going was especially rough. The Ger-
mans were shelling our battalion with
their usual vicious monotony, and one
company in particular was in an extremely
dangerous situation.

The Germans were so well dug in that
their positions could not be reached ef-
fectively by our artillery. The weather, as
usual, was too bad for us to get air sup-
port. There was only one weapon we could
use to help the endangered company—

January 1946 — formerly FM Ranio-ELEcTRONICS

the high-flying, straight-dropping mortars.

The commander of the besieged com-
pany was immediately in front of the
Germans, but in a poor spot to observe
the strike of the shells. If he stuck his
head out of his foxhole, it would likely be
blown off. The battalion commander, up
front but off to one side, could see the
shells burst but he could not see the
company. The company itself was too far
away from battalion 11Q to be reached by
the 11Q radio. In this geographically
complicated battalion setup. it was neces-
sary to arrange a fancy radio and tele-
phone network, and fast.

I was working at the 11Q radio, and at
my side was the chiel gunnery officer of
the mortar platoon, with his maps and a
telephone. T gave him the messages from
up front. Ile translated them into ord-
nance information and then telephoned
instructions to the mortar 11Q. In turn,
his orders were sent from the mortar HQ
to the gun erews by radio. Altogether, the
network was made up of two telephones
and seven radios operating on two fre-
quencies, The battalion CO, the operator
at the mortar 1Q. and I were all relay
operators. The clapsed time from  the
original request for mortar fire until the
fast round was on its way was 20 minutes,
and in that time we threw 180 rounds into
the Jerries.

This relay operation sounds very sim-
ple. and it was, but only beeause our FM
voice communication was so clean and
clear that. despite the tremendous noise
around us, we worked as if we were cach
in sound-proofed rooms. Actually, the
company CO was in a foxhole, the bat-
talion CO was in a parked jeep, and I was
oul in the woods. Our own guns were
making a terrible racket, German shells
were bursting aronnd us, and it was rain-
ing very hard.

A good deal of the talking we did that
day was in code. We might call the mor-
tars “rain barrels.” while ranges and
positions were given as letters or numbers.
If we had been foreed to spend a long
time organizing the radio network, or if un-
certain reception had made it necessary to
ask for repeats to make sure we heard
the encoded parts correctly, that barrage
might have come too late. The Germans
could have moved away or into attack, as
we thought they might, or they could
have got reinforcements. Anything can
happen in a fast-moving battle. But with
our FM communications we didn't waste
a word, which is another way of saving
that we didn’t lose a second.

(CONTINUED ON PAGE 73)
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N.Y.-WASHINGTON COAXIAL CABLE

How AT & T Is Preparing To Handle Network Television
BY ARNOLD C. NYGREN

I'TI the television industry planning

to make transmitting and receiving
equipment available in a few months, a
couxial line system stands by to make
network television a reality. Television
has had and will continue to have many
problems in providing good video service
direct from transmitter to receiver, but
network facilities must be developed and
put into operation before commercial tele-
vision can  become  economically  prac-
ticable.

Networks have made possible the elah-
orate, high-cost radio programs of today,
and it is only through similar networks
that television can suceeed on a nation-
wide scale. Unfortunately. television, al-
ready confronted with high costs of equip-
ment and  programming, cannot utilize
existing telephone wire eircuits as a dis-
tribution system. Transmitting video sig-
nals presents many problems not
cncountered in handling  aural  signals

which require, at the most, a 15.000-cycle
bandwidth. To provide and maintain a
path several megacyeles wide for video
signals is & highly technical undertaking.

The public and the press had a preview
of network television on December 1st,
1943, at the time of the annual Army-
Navy football game at the Municipal
Stadium in Philadelphia. The event was
transmitted by special wire from the
Stadium to the Philadelphia terminal of
the American Telephone and Telegraph
Company. then by coaxial cable to New
York. and on to the NBC transmitter atop
the Empire State Building. a distance of
approximately 100 miles. Becanse this
link will be part of a future nation-wide
system and is already an important leg of
the 225-mile Washington-New York cir-
cuit scheduled to go into regular service
this month. its basic details are of great
mterest.

Coaxial Cables * Anticipating the need and
importance of suitable ¢ircuits for the dis-
trbution  of television  programs,  the
American Telephone and Telegraph Com-
pany began a study of the problems in-
volved 10 or 12 years ago. As a result
of these studies. the Philadelphia-New
York coaxial cable was subsequently in-

ABOVE: FIG. 2, LEFT,
CAMERA AT PHILA-
DELPHIA STADIUM

FIG. 3, RIGHT, AMPLI-
FIER ROOM BELOW
THE STADIUM

BELOW: FIG. 4, LEFT,
ONE OF THE INTER-
MEDIATE AMPLIFIER
POINTS BETWEEN
THE STADIUM AND
THE RACE STREET
TERMINAL

FIG. 5, RIGHT, CAR-
RIER TERMINAL
EQUIPMENT AT RACE
STREET EXCHANGE

FIG. 1. CABLE WITH SIX COAXIAL LINES

stalled on an experimental basis. The
cireuit was later extended to Washington,
D. €. Early installations utilized two and
four coaxial cables, with later installations
using the newer type cables carrying six
or cight coaxials.

Fig. 1 is an end view of the latter type.
The tube of cach coaxial line is approxi-
mately 14 in. in diameter, and is formed
from Hat copper strip. Hard rebber dise
separators of extremely low dieleetrie loss
support the inner conductor. In addition
to the six coaxials, there are other wires
required for various operating cireuifs.
Fach coaxial tube is capable of carrving
television program  cireuit or 480
separate and simultancous telephone chan-
nels in one direetion. In the outer layer
are 42 pairs of telephone wires for han-
dling additional telephone conversations.

one
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F1G. 6. IMPEDANCE CHARACTERISTICS AS A FUNCTION OF FRE-
QUENCY FOR A 5-MILE LENGTH OF INSTALLED COAXIAL CABLE

Local Philadelphia Line » The han-
dling of a network program requires
the co-operation of many engineers.
A pick-up made at some distance
from the terminal of the coaxial
adds to the many problems in-
volved. The Army-Navy pick-up
was typical of such a sitnation, as
the Stadium is located 6 miles sonth
of the coaxial terminal, and re-
quired the use of a special wire ¢ir-
cuit satisfactory for television, An
ordinary telephone pair was se-
lected for the extension from the
terminal to the Stadivm. For a
wide band circuit, no branching
can be tolerated, Therefore great
care was taken in providing a pair
that was clean throughout its en-
tire length, Usnally this reguires a
redistribution of eirenits in the par
tienlar area involved. Repeaters
are required abont every mile in
a circuit of this type. 5 being used
in this case.

From the press box in the west
stand. Fig, 2. where the television
cameras were located. the program
was fed to the Stadinm transmit-
ting amplifier room heneath the
stand. Fig. 8. From this point. the
stgnals were fed via the repeater
points, such as the one shown in
Fig. 4. to the receiving terminal at
900 Race Street. Fig. 3. for final
monitoring of the extension hefore
transmittal to New York.

Philadelphia-N.Y. Coaxial » The many
advantages of coaxial cables for
fong-distance  broad-band  trans-
missions are well known, Fig. 6
shows the impedance characteris-
ties as a function of freguencey for
a S-mile length of installed cable.

Amplifving cquipment. and not
the cable itself. determines  the
bandwidth of a coaxial system

FIG. 8, BELOW: 3-MC. AMPLIFIER
UNIT OF THE REPEATER ASSEMBLY
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FI1G. 7. OVERALL GAIN AND LOSS IN THE LINE. LOSS IS MADE UP
BY THE LINE EQUALIZER, TO MAINTAIN ZERO NET LOSS

within the present required ranges
on which studies have been con-
ducted. The amplifers currently
in nse provide for approximately a
2.7-me. bandwidth, To date this
has satisfied the demands of black
and white transmission. Undonbt-
edly improvements in the overall
svstem will make better net-work
facilities desirable in the future.

The amplifier units installed at
intervals along the cable employ a
S-stage feedback  circuit with 2
small pentodes in parallel in each
stage. providing an output power
of .1 1o .2 walts al a plate potential
of 130 volts. The tubes are used in
parallel as a safety factor. Power
for the amplifier is transmitted
over the coaxial itself from main
stations located at about 50-mile
intervals, and is separated from the
signal at the repeater points by
power supply filters,

The overall gain is equal to the
line loss plus the loss in the equal
izer, as is shown in Fig, 7. The dif
ference between the gain and line
loss is made up by a line equalizer.
so that, to a first approximation,
zero loss in transmission is obtained
at all frequencies within the band
over each repeater section. Feed-
hack in the order of 30 db s effec-
tive aronnd the entire amplifier at
frequencies up to 2 me. with about
10 db additiona) around the final
stage.

To obtain a high degree of trans-
mission stability and lincarity. the
feedback gradually falls off about
10 db from 2 me. up to 3 me. With
this type amplifier and eable. re-
peater sections are required about
overy 5 miles.

Temperature. tube. and  com-
ponent varkations require compen-
sation to provide constant ampli-

FIG. 9, ABOVE: THIS TYPE OF RE-
PEATER IS REQUIRED EVERY5MILES
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FI1G. 10. NEW YORK CITY TERMINAL OF THE N. Y.-WASHINGTON COAXIAL CABLE. TELEVIS!ON SIGNALS ARE
MONITORED HERE, THEN CONDUCTED TO ANY OF THE TELEVISION BROADCASTING STATIONS IN THE CITY

fier gain. This is accomplished automati-
cally at cach amplifier by means ol a small
thermistor, made up of oxides whieh have
a very large negative temperature cocthi-
cient of resistance.

In this system, three pilot frequencies of
G4, 2064, and 3096 ke, are transmitted
along the line with the signal. A high
mmpedance erystal filter circuit is bridged
across the coaxial at the repeater to
isolate these frequencies, which are then
amplified and rectified for use in con-
trolling the output of an oscillator. This
output is then used to control the resist-
ance of the thermistor. Thus, the regu-
lation maintains substantially constant
ontput voltages at the pilot frequencies
over a range of about 9 db in input volt-

24

age, which is more than ordinarily ob-
tained in practice,

To compensate for changes in loss in
the coaxial conductors over a wide vari-
ation in temperature, the feedback circuit
has been designed so that changes in the
resistance of the thermistor produce
changes in gain over the entire frequency
band. Overall and supplementary adjust-
ments are required st 30-mile intervals,
in addition to the 5-mile points, to give
the desired overall aceuracy and uni-
formity. Fig. 8 shows the 8-mec. amplifier
unit, and Fig. 9. the complete repeater
assembly capable of handling two co-
axials, one for each direction. The com-
plete assembly contains, in addition to
the two amplifiers, the power supply,

rqualizers, automatic regulators and vari-
ous automatic alarm circuits, The overall
size is ahout 2 by 2 hy 1 ft,

Twenty repeater points, including a
maun repeater at Princeton, were required
for the Philadelphia to New York trans-
mission ol the Army-Navy game. The
New York terminal, Fig 10, is located at
32 Sixth Avenue, Here, in adgdition to the
S-mie, terminating equipment, are located
the amplifiers for voice transmission over
the associated wires in the coaxial cable,
or over the coaxial tubing itself if so
desired. The complete system provides
for 480 voice circuits, stacked one above
the other, in the frequencey band from 68
to 2044 ke, which can be transmitted over
a pair of coaxials. In televisjon trans-
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FiIG. 11. MODULATION AND DEMODULATION OF SIGNALS FOR CABLE TRANSMISSION

mission, a program is treated as one
voice circuit, occupying a bandwidth of
approximately 2.7 me.

The video frequeney range is not suit-
able for long distance transmission, due
to the relatively low frequencies involved.
The carrier method used in this system
provides for raising the entire video fre-
queney band to a region more suitable
for transmission. Also, to conserve fre-
queney space, single side band transmis-
sion is employed. Although the amplifiers
pass a bandwidth from about 64 ke, to
3100 ke, slightly less than 3 me. are used
due to the difficulty of equalizing delay
distortion near the lower edge of the band.
Allowing about 100 ke, for proper shaping
of the vestigial side bhand, a net television
band of about 2.7 me. is obtained with
the carrier placed at 311 ke,

T'wo modulation steps are used to bring
the carrier up this amount, as shown in
Fig. 1.\ frequeney of 811 ke,
sclected, to take full advantage of the
available feedback in the amplifier. In the
first modulation step, the signal is modu-
lated with a carrier of approximately 8

wiias

FIG. 14. NEWEST TYPE COAXIAL CABLE
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me., using a band filter selecting the lower
sideband, part of the carrier, and a portion
of the upper sideband, This is illustrated
at the top of Fig. 11, The resultant is
again modulated with about an 8.3 me.

television service on an experimental basis
was started in January of this vear,
It is expected that the system will he
officially inaugurated about the end of
January. Shortly after that event. it is
planned to make the cable facilities avail-
able to CBS, NBC and Dumont two
nights a week cach for regular service.

New Facilities » An iniproved cight-coaxial
type of cable. in which the diameter of
weh tube 15375 ins. in diameter, is being
planned for ecarly installation in other
sections of the country, principally along
the L450-mile Dallas-Los Angeles route.,
and for the proposed Buffalo-Cleveland.
and  New  York-Philadelphia  projects.
With this larger tubing it is expected that
repeater stations every 8 miles will pro-
vide the circuit  capacity,  Main
stations. now situated at intervals of as
much as 80 miles with the smaller co-

same

axial. can be spaced as far as 150 miles
with the newer type. Upon the avail-
ability of wider-band associated  equip-
ment. a bandwidth of approximately +
me. can be handled, providing an -
proved video channel is desired, A eross
section of the new eight-coaxial cable is
shown in Fig. 14, Two of these wires will
be used for pilot alarm, four as the cable-
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FIG. 12, BLOCK DIAGRAM OF THE TRANSMITTING AND RECEIVING TERMINALS

carrier and the lower sideband selected,
as Fig. 11 shows at the second line. H is
then in position for transmittal over the
coaxial line,

Fig. 1215 a block diagram of the trans-
mitting and receiving carrier terminals,
Pre-emphasis and  de-emphasis. plus a
phase equalizer, are used to help override
noise and spurious modulation products
and to correet for phase distortion. Fig.
13 shows the frequeney allocation of the
pilot frequencies. program channel, and
television channel,

Within New York City, a permanent
shielded cable was used for extension of
the coaxial system to the Empire State
Building. For this distance no intermedi-
ate repeater amplifiers are required.

Network Service = With the coaxial cable
stem now extended and tested as far
as Washington, D. C., a regular network

formerly M Ramo-ELectroNices

man’s talker, and the remaining two for
gas pressure alarm. In the center of the
cable are two quads of wires. also for
pilot alarm. Around these are eight pairs
of wires for express and  local  order
wires, plus spares. It is planned to have
a 38-mile sample section ready for tests
this year.
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SPOT NEWS NOTES

E. Finley Carter: Former vice president in
charge of industrial relations for Sylvania
has been named vice president in charge of
engineering, following the resignation of

Roger M. Wise,

Television Licensees: On December 21st, the
FCC announced that the following com-
mercial television stations have been
licensed:

Balaban & Katz, Chicago WBKB 6672 mc.
CBS, New York WBCW  54-60 me.
DuMont, New York WABD  76-82 mc.
NBC, New York WXNBT  66-72 mc.
Philco, Philadelphia WPTZ  60-66 me.
G. E., Schenectady WRGB 6672 me.

In addition, the following experimental sta-

tions have been licensed:
Balaban & Katz, Chicago WINXBK 6672 me.
Crosley, Cineinnati WSXCT 66-72 me.
DuMont, New York W2XVT 76-82 me.
DuMont, Passaice W2X WYV 76-82 mc.
Don Lee, Los Angeles W6XAQ 5460 nc.
Philco, Springficld, Pa.  W3VE  60-66 me.
Tele, Prod’ns, Los Angeles W6X Y7 76-82 me.
Zenith Radio, Chicago WIXZV 54-60 me.
RC., Camden W3XEP 82-88 me.
Univ. of lowa, Ia. City  WIXUL 44-50 mec.
ulso 210-216 me.

Arthur Freed: Vice president and general
manager of Freed Radio Corporation:
“One very important fact the dealers will
have to learn about FM is that all sets will
not give identical performance just be-
cause they have FM circuits. Until official
standards are established, dealers should
check the performance of FM models with
great care before putting them on sale,
giving special attention to sensitivity,
noise level, and audio range. Also, a com-
plete antenna system should be sold with
every receiver, for reception problems at
88 to 108 mec. are very different from those
at AM broadcast frequencies.”

FM for Irrigation Control: At Garwood, Texas,
the Garwood Irrigation Company has
been authorized to erect an FM head-
quarters station and to operate two
50-watt and four 35-watt mobile units for
cars which patrol 200 miles of canals, in
addition to ditches, extending over 100,000
acres of farms. Until now, communica-
tions between water patrons, patrols, and
headquarters have been catch-as-cateh-
can, and much damage has been done
from lack of close water regulation. Now,
patrons will be able to phone headquarters
and get instructions to the nearest patrol
in a matter of minutes.

David B. Smith: Director of Philco’s research
division since 1941 and present chairman
of the RMA television standards commit-
tee, has been appointed vice president in
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charge of engineering of Philco Corpora-
tion.

Radio Set Prices: Of 75 radio sets listed in
OPA reports No. 2 and 3, the average re-
tail price was $37. Of these, 63 were
AC-DC models, and 12 were AC types.

Of the 63 AC-DC models, 35 were
priced under $30, and averaged $23.93.
Only 8 AC-DC models were above $30.
They averaged $35.38. Lowest in these
two groups was $10.55; highest was $+1.23.

Eight AC table models, ranging from
$37.85 to $82.70, averaged $52.78. One
AC table combination and four console
combinations, averaging $150.95, were
responsible for bringing up the average of
the entire 75 sets to the $37 average. (Al
were for AM tuning only.

Prior to the war, the average retail unit
sale of FM-AM radios was about $330.
When OPA prices are issued for postwar
FM-AM models, there will be more in the
lower brackets than formerly, but the type
of sets that were most popular in the past
will be upped enough to keep the average
of FM-AM unit sales close to the old
level.

Significance of this data is that the dol-
lar volume is going to be too low to sup-
port all the old and new companies unless
FM broadcasting and FM set sales are
promoted aggressively. This applies to
components manufacturers, too.

The analysis above shows that AM scts
will mean very little business for trans-
former and coil-winding manufacturers,
or for those producing anything better
than the cheapest grades of condensers,
resistors, tuning controls, and other radio
parts.

In short, the industry needs FM to
raise the average unit of sale as much as
listeners need FM to provide enjoyable
radio reception.

C. R. Runyan, Jr.: Presented with the Arm-
strong Medal by the Radio Club of
America at its annual dinner in Decem-
ber. This much-coveted honor was in
recognition of his contributions to ama-
teur radio over a period of nearly 40 years,
and for his work in building the 100-mec.
FM transmitter at his station W2AG,
Yonkers, where he gave hundreds of
demonstrations, including that for the
IRE when Major Armstrong disclosed his
FM system to the industry.

CBS Color Television: The demonstration of
color television which CBS promised to
give the press on January 8th was called
off on the 7th. Last-minute announcement
explained that the engineering depart-
ment had been disorganized by influenza,
and expressed the hope that their new,
higher-powered transmitter will be in op-

items and comments, personal and other=
wise, about manufacturing, broadcasting,
communications, and television activities

eration by the time a new date can be set
for the demonstration.

Lawrence K. Marshall: President of Raytheon
Manufacturing Company: “Perhaps one
of the greatest detriments to the sale of
such technically complex produets as tele-
vision receivers has been the difficulty of
obtaining satisfactory installation work.
. .. In fact, the sales departments at
both Raytheon and Belmont feel that
service facilities may decide the ultimate
public acceptance or rejection of much
new eleetronic equipment.”

FM Antenna: After crecting a 105-ft. Win-
charger antenna at Radio Hill, Great
Barrington, we can discuss this kind of an
undertaking from first-hand experience.
What the job involved, how it was ac-
complished, and how much it cost will be
told in detail, with progressive pictures,
in a forthcoming issue of FM axp TELE-
vistoNx Magazine. Considering that the
work was carried out during a prolonged
period of sub-zero weather when the
wind was tearing around the Berkshire
Hills. you'll be surprised to know how
casy it was,

Comdr. Robert M. Booth, Jr.: Who did an out-
standing job at the radio laboratory of
the Naval Aireraft Factory, Philadelphia,
is now associated with the law office of
Kremer & Bingham, 921 Tower Building,
Washington, D. C.

Television Expansion: DuMont Laboratories
have set up a new Television Broadeasting
Division, in which will be centered the
operation of WABD New Yark, the new
studios at John Wanamaker’s, W3XWT
Washington, and stations at Pittsburgh,
Cleveland, and Cincinnati, for which ap-
plications have been filed. The new divi-
sion will be under the direction of Leonard
F. Cramer, DuMont vice president.

Microwave Radio: Applications have been
filed by the American Telephone and
Telegraph Company for a chain of micro-
wave relay stations between Milwaukee
and Chicago. This system will be used in
cobperation with WMJT, The Milwaukee
Journal’s projected television station, for
carrying video programs. Service will be
available to others who are able to make
use of it.

This system, with intermediate instal-
lations at Barrington, Ill., and at Wilmot
and Prospect, Wis., will cost about $500,-
000. If there is no delay in obtaining FCC
approval, the relay should be ready for
tests in the spring of 1947. Towers 120 ft.
high will carry antennas designed for op-
eration on frequencies in the +4,000-me,
range.
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NEWS PICTURE

ERITAPS the first 1-kw. new-band FM

transmitters to be installed will be Lhiese
units nearing completion in REL's plant
No. 2 at Long Island City, N, Y. Ship-
ments are scheduled to start soon. but en
ginecrs attending the LR.E. Winter Con
ference may have a chance to examine
finished transmitters if impatient eustom.

Januvary 1946
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ers can be kepl waiting for a few days.
Some of these anits will go into stalions
authorized to use only 1 kw.. while olhiers.
authorized to operate on higher power,
will go on the air now with 1 kw.. aed ad |
power amplifiers later. when availavle.
As manufacturers’ plans are now devel
oping. new band-transmitlers will be in
stalled a: a rate that will build up the d
mand for receiving sels as fasl s receiver
production can be accelerated. This is a
healthy condition, for the chicken will

formerly F'M Rabio-Evscrronics

not be waiting to emerge from the egg. nor
will the egg have to wail upon the chicken
to lay it.

As heghier power extends transmilling
range to outer suburban and vural areas,
sel nmnnfacturers will he ready to expand
their distribation. Thus, FM should pro
gressina halancerd, orderly ninner which,
it is hoped, will protect the industry from
the sudden hoom, quickly followed hy
widespread tail ires, experienced in the
period frem 1929 to 1922,
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HIGH-QUALITY FM REPRODUGTION

A Duplex Loudspeaker and Associated Amplifier to Match FM Audio Quality

nE FCC’s standards of good engineering
T practice for FM broadeast stations,
requiring the transmission of frequencies
of 30 to 15,000 cycles with very low dis-
tortion, will make available to radio listen-
ers a degree of audio fidelity that has never
been realized from AM transmission,

At FM broadeast studios, it will be
necessary to use monitors with a frequencey
range up to 15,000 eyeles in order to check
transmitting line noises, telephone carrier
cross-talk, and high-frequeney  disturb-
ances that may overload the transmitter
and produce intermodulation effects
throughout the audible range.

There would be no reason to transmit
frequencies up to 15,000 cyeles unless re-
producers of corresponding  capability
are available to radio listeners. Thus it is
evident that loudspeakers and their asso-
ciated amplifiers arc the limiting factors,
both at FM studios and in listeners’ homes,
in achieving the sense of presence that
FM can provide.

These remarks may challenge the reader
to reply: “If the speaker on my AJM re-
ceiver could go up to 15,000 eycles, 1 still
would turn down the tone eontrol to cut
off everything above 3,000 cycles. I

* Chief Engincer, Altee Lansing Corporation, 6900
McKinley Ave., Los Angeles, Calif.

BY JOHN K. HILLIARD*

FIG. 2. HF DIAPHRAGM IS ALUMINUM

don’t like that shrill quality.”

Audio reproduction is a personal mat-
ter, and a matter of personal experience.
Therefore, it is impossible to convinee a
listener that he will enjoy something he has
never heard. It canonly be said that listen-
ers accustomed to AM reception, or war-
time reception of recordings and network
programs on FM. should reserve judg-

ment until they hear full-quality FM on
speakers that deliver undistorted repro-
duction up to 15.000 ¢yeles, It has been
the writer's experience that sueh a demon-
stration of FM reception hwvariably re-
sults in the question: “low can T get an
ontfit like that for my home?”

Conventional Speakers * Conventional single-
unit loudspeakers furnished in radio re-
ceivers, phonographs, and even station-
monitors have several limitations. These
are:

1. Intermodulation distortion produced
when high frequencies are superimposed
on low frequencies which canse large dia-
phragm excursions. (The lower the fre-
queney, the larger the diaphragm move-
ment for constant power output.)

2. The size of the diaphragm is limited
by non-nniform radiation, due to the fact
that the angle of distribution deereases as
the frequencey inercases.

3. Requirements for best low-frequeney
reproduction are opposed to those for
proper high-frequeney radiation.  Large
diaphragms and heavy voice coils are
needed for low frequencies, while very
small diaphragms of extremely small mass
are required for the highest frequencies.

4. The speed of propagation of sound in

FIG. 3. LF DIAPHRAGM IS MOLDED PAPER
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FIG. 1. THE ASSEMBLED DUPLEX SPEAKER, SHOWING POSITION OF THE DIFUSER
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a paper cone does not permit efficient
radiation of high frequencies.

In addition there are related factors of
amplifier design which will be discussed in
the latter part of this paper.

It was recognized many years ago that
great improvement in audio reproduction
could he achieved by the use of two loud-
speakers, one for low frequencies and
another for the higher frequencies. Such
a two-way loudspeaker, when properly
designed. reduces the limitations listed
above to a very marked degree.

The Duplex Loudspeaker * The Altee Lansing
duplex loudspeaker, Fig. 10 is a permanent
magnet speaker which incorporates sev-
eral advanced design features and uti-
lizes some of the newer materials which
meet certain very special requirements,
One unique feature is the concentrie ar-
rangement of the high- and low-frequency
speaker units on a conmmon horizontal

FIG. 5. SPEAKER CABINET OF 7 CU. FT.

axis. Both speaker units are mounted on a
single 15-in. die cast frame. This provides
compactness unobtainable in two-way
speaker systems cmploying two separate
horn assemblies. The die cast frame as-
sures permanent alignment of the cone
and voice coil. The rated capacity of this
speaker is 25 watts, and it can be used
safely up to this power without fear of
damage to any of its parts.

HF Speaker Unit * The high-frequeney
speaker unit of this assembly utilizes a
metal diaphragm. Fig. 2, having an active
vibrating diameter of 134 ins. It is de-
signed to operate as a piston up to fre-
quencies above the limits of audibility. It
is made of aluminum alloy to obtain the
required stiffness and a velocity of trans-
mission three times as great as that of
paper. The resulting light weight and
high stiffuess preveunts it froin breaking up
and producing the intermodulation effects
so conmon with paper diaphragms.
Tangential corrugations in the com-
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FIG. 4. THE DIVIDING NETWORK UNIT

pliant portion surrounding the dome are
used instead of the usual annular type.
The tangential compliance permits three
times as much movement as the annular
type for the same stress. This results in
an increased freedom of motion which
allows the diaphragm to handle large
stresses to the center of the dome.

If the diaphragm were made small
enough to radiate sound directly, without
having a sharp beam, it would be too small

FIG. 6. THIS CABINET IS OF 6 CU. FT.

to handle the required power. This condi-
tion neeessitated the selection of the multi-
cellular high-frequency horn as a radiating
medium.

As Fig. 1 shows. the horn has six cells,
each cell having a 20° angle. Since the
configuration is 2 by 5 cells, the maxi-
imum angles of radiation are 40° X 60°.
The angles, size, and cut-off of the high-
frequeney horn were specifically selected
to prevent interference from the low-
frequency coue.

The high-frequency horn is mounted on
the end of the low-frequency pole piece
whieh is bored out to permit the passage
of sound from the high-frequency dia-
phragm to the horn. The sound, as it
leaves the diaphragm, passes through
annular slits which effectively prevent
destructive interference being set up

formerly FM Rapio-ELECTRONICS

within the chamber. This transducer is
very necessary as, otherwise, unequal path
lengths from the diaphragm to the cham-
ber would cause standing waves.

The voice coil of the high-frequency
unit is eonstructed of edgewise wound
aluminum ribbon. The use of this ribbon
provides 279, more conductor material in
the air gap, with the resnlt that the effi-
cieney is inereased to the extent that ap-
proximately 229, more acoustic power is
obtained.

The diaphragm is clamped to a cast
hakelite ring which is held in position by
three serews which secure it to the top
plate. This can be seen in Fig. 2. By means
of these serews, the diaphragm and voice
coil assembly can be removed casily
without special tools. Accurately posi-
tioned dowel pins in the top plate and
corresponding holes in the bakelite ring
assure proper alignment of the voice
coil within the gap.

LF Speaker Unit * The low-frequency speaker
unit, Fig. 3, employs a seamless, molded
cone having an effective arca of 116 sq.
ins. The cone is moisture resistant and
is mounted within the die cast frame con-
centrie with the high-frequeney speaker
unit.

The low-frequency voice coil is con-
structed of edgewise wound copper ribhon
to provide the maximum amount of con-
ductor in the air gap. This greatly im-
proves the efficieney. The voice eoil is
considerably larger than usual, being 8 in.
in diameter. This results in an increased
ability to handle higher power without

FIG. 7. WALL-MOUNTED CORNER CABINET

undue temperature rise. It also permits a
decreased cone depth with an increase in
the effective stiffness of the cone, causing
it to act more nearly as a piston. The im-
pedanee of the voice coil is approximately
20 ohms and the resonance of the cone
and voice coil assembly is 40 cycles in free
air. A clamping ring secures the outer rim
of the cone to the frame. The inner spider
assembly is held in place by screws so that
it is a simple operation to remove the
entire coil and cone assembly.

Permanent Magnets * There are two perma-
nent magnets made of Alnico No. 5, one
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for each diaphragm. These magnets are
of the center-core type. and the soft mag-
netie materials forming the path between
the pole picces are amply proportioned so
that the magnetie flux is conducted through
the outside walls and up to the air gap
with Dittle loss. The flux density is con-
siderably higher than that ordinarily used
in commercial units in the past. This pro-
vides better damping of the diaphragms
which, in turn, materially increases their
ability to handle transients having steep
wave frouts. The design is sueh that the
loss due to external leakage is extremely
low. The magnets do not attract metal
objeets in the immediate vicinity, nor
will they materially defleet the heam of a
athode ray tube operated in close prox-
ity

Efficiency * The Altee Lansing speaker has
an overall efficieney in the region of 500
to 1500 ¢yeles such that it produces 92 db
(ref. 1016 dynes per sq. in) at a distance
of 5 ft. with an input of 0.1 watt.

This increased efficieney minimizes dis-
tortion at all performance levels, and gives
a much greater dynamie volume range.
This can be demonstrated  readily by
placing a conventional loudspeaker along-
stde the duplex speaker and balancing
them to give the same acoustic output at
some medinm level, It will then be ob-
served that when the input is deercased to
the point where output is zero on the
conventional speaker, the duplex speaker
will still be audible. Similarly, at high
volume, as the input to both speakers is
increased, it will be observed that the
duplex speaker will deliver more acoustical
encrgy. This is due to the
linearity of the flux in the air gap.

ncreased

Dividing Network * The cross-over point of
the dividing network unit. Fig. 4, is ap
proximately 2000 cyeles. Tt was necessary
to seleet this high cross-over frequency

FI1G. 8. THIS AMPLIFIER, DESIGNED FOR THE DUPLEX SPEAKER, USES 6L6'S

so that the size of the multi-cellular horn
conld be kept small beeause, monrted on
the face of the low-frequeney horn, it
would otherwise obstruet the  low-fre-
queney cone radiation.

Distribution & Frequency Range * The angle of
distribution of sound energy is determined
by the number and size of the cells in the
high frequeney horn, Each cell in the
duplex  loudspeaker has a  distribution
angle of 20°, Since the horn has six cells
with a configuration of 2 hy 3 eells, the
angles of coverage are 40° by 60°. Provi-
sion is made for rotating the horn to give
cither of these angles of horizontal distri-
bution with the corresponding angle of
vertical distribution, as may He required.

The frequeney range of the speaker is

such that it will radiate efficiently over
the entire 40° by 607 arca up to 13.000
eveles. The low-frequeney range is limited
only by the size of the cabinet used, down
to s natural resonant frequeney of 40
eyeles. The deviation of impedance with
frequency is considerably less than with
less efficient loudspeakers, and for this
reason it is possible to secure fundamental
radiation at low  frequencies  provided
proper lowdirg is used.

Speaker Mountings * 1'he duplex speaker is
adaptable to many types of cabinets and
enclosures, It is normally furnished in
three standard cabinets, as follows:

1. The largest cabinet, IFig. 5, is 38 by
30 by 16 ms.. and has a volume of ap-
proximately 7 cu. ft. A tuned port at the
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lower front of the cabinet has an opening
of 90 sq. ins. This port maintains radiation
down to 55 cycles.

2. The medium-size cabinet, Fig. 6, is
30 by 25 by 18 ins., with a volume of 6 cu.
ft. Its port area is 60 sq. in. and it radiates
down to 60 eycles.

3. 'The corner, or wall mounted cabinet,
is triangular in shape, as shown in Fig. 7.
It is intended for small studios where it is
desirable to hang the speaker in a corner
or on the wall. Its volume is 39 cu. ft.
and the port is adjusted to radiate down
to 65 cycles.

A smaller cabinet, having a volume of 4
eu. ft. with a port arca of 50 sq. in., will
be efficient down to 70 cyeles. Sinee the
duplex loudspeaker resonates in free. air
at 40 cyveles, it follows that the speaker

so that no appreciable amount of cabinet
vibration is permitted. Eliminating vi-
bration of the cabinet walls or supports
prevents dissipation of acoustic energy in
friction, with its resultant deerease in the
effective output. Roek wool pads, 1 in.
thick. are placed on at least three of the
sides to reduce slap or hang-over effects
within the cabinet. Because the eabinet
is subjected to vibration of large amplitude
at low frequencies, it is not advisable to
mount the amplifier in the cabinet with
the speaker, since feedback may be gen-
crated.

Upon first hearing the duplex speaker,
the listener may feel that more bass re-
sponse is required. However, after more
careful observation it will usually be
agreed that true bass response is actually

high degree of external damping for the
speaker. By this method, the counter
EMF generated by the speaker was high
and the diaphragm had less tendeney to
“free-wheel”” than when driven from a
matched impedance.!

An analogy can be made to a meter
movement. If the meter is terminated in a
load which has a low resistance compared
to the meter resistance, the meter move-
ment will not overshoot on pulses but
will be over-damped in its action. How-
ever, if the meter is terminated in a re-
sistance greater than its eritical resistance,
the meter will overshoot and oscillate be-
fore coming to a steady reading.

Since the duplex speaker has a very
high efficiency, due to greater flux density
and low resistanee, a very high internal
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FI1G. 10. SCHEMATIC DIAGRAM OF THE AMPLIFIER DESIGNED TO DRIVE THE DUPLEX TYPE LOUDSPEAKER

will not produce a peak in any of the
cabinets deseribed. It should not be
assumed that response in any of these
cabinets is uniform down to the cut-off
frequency. Actually, the response will be
down at least 10 db. However, appreciable
radiation can be obtained at fundamental
frequencies down to the speaker resonant
frequeney.

It should be realized that there is no
substitute for adequate cabinet size when
good low-frequeney performance is re-
quired. Accordingly large cabinets or en-
closures having a volume of 8 to 10 cu.
ft. are desirable for good performance
down to 50 cyeles. A wall can be used as
an infinite baffle with good results if a
minimum volume of 8 to 10 eu. ft. is
provided at the rear. The large eabinet
shown in Fig. 5 has a duplex speaker
mounted in the top portion, with the port
below. This is done so that high frequen-
cies can be radiated direetly, without
having low obstacles blocking their path.

The internal bracing of the cabinets
provides the equivalent of 33-in. plywood,

January 1946

being heard. This is due to the lack of
cabinet and speaker resonance whicl, by
generating harmonics, gives a false bass
response.

Input Requirements * Where the source of
input to the loudspeaker has distortion,
as in the case of phonograph records, poor
transcriptions, or over-modulated trans-
mitters, it is advisable to provide a low
pass filter ahead of the loudspeaker.
Several taps should be included for ad-
justment in the 6,000 to 10,000 cycle arca.
By proper adjustment, input distortion
can be made less objectionable than with
unlimited response.

The amplifier output impedance de-
termines to a great extent the amount
and quality of bass response obtained
from a loudspeaker. Heretofore, because
of the low internal damping in loud-
speakers, it has been necessary and cus-
tomary to adjust the amplifier iinpedance
mueh lower than the normal impedance
of the loudspeaker. This mismatch of im-
pedances was used purposely to provide a

formerly F M Rapio-ELrcTrRONICS

damping is provided. This results in a
very constant impedanee over a wide
frequency range. For this reason the
duplex loudspeaker can be operated from
an amplifier having an output impedance
equal to that of the loudspeaker without
the free-wheeling effect mentioned above.

The A-323 Amplifier * The extremely wide
frequency range of the duplex speaker
makes necessary the use of an amplifier of
very high quality, in order to give the
best sound reproduction. In the past there
Las been a very decided preference for
low-impedance output triodes, rather
than beam power tubes, to operate loud-
speakers. Apparently this preference was
justified in a great many cases. However,
the beam power tube has the advantages
of high efficiency. greater power sensi-
tivity, and its indirect heater gives less
hunt. Tests were made to determine how
the beam power tube could be utilized
(CONTINUED ON PAGE 57)

tElements of Acoustical Engineering, Olson, pages

140-141.
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ANALYSIS OF METROPOLITAN FM ALLOCATIONS

Showing Both Channel Assignments for Each City, and the Cities Sharing Each Ghannel
from 92.1 to 103.9 Mc. — Channel-Frequency Chart Appears on the Last

METROPOLITAN FM CHANNELS
ASSIGNED TO U. S. CITIES

ALABAMA

Pop. 2,833,000
Sq. Mi. 51,279

Anniston
280

Gadsden
Besscmer

see Birmingham
lel ingham

228, 230, 232,

ine. Bessemer
Decatur

261
Dothan

267, 260
Gadsden

see Anniston
fluntsville

244

297

see Columbus, Ga.
Selma

231, 2o

3
see ‘T'allndega
"alladexa

97y

Hee
k u«‘ulm ma

206
'lUI \l,

Sylacauga
26 stations
ARIZONA

Pop. 499,000
Sq. Mi. 113,810

Globe

. 241, 243

238, 24
TOTAL 19 stations

ARKANSAS

Pop. 1,949,000
$q. Mi, 52,525
RBlythesville
249, 251
see Jonesboro
FEl Dorado
277, 279
Fort Smith
267, 269

241, 243
Hnt Springs_and Hot
Springs N.P.
2 1, 273, 275
Jonesboro
268, 270
Nee Hlythes\llle
Rock

Little I
Z.i{_ 259, 261,

265
Pine Bluft
221

263,

'illm\m hprlm:s

l
T ()’I AI, 21 statlons

CALIFORNIA
Pop. 6,907,000
$q. Mi. 155,652

Bakersfleld
2 64 . 266, 268

Kureka

230,

Fresno
270,
278

282

272, 274, 276,

Los Angeles
Metro
2 J

olitan Dist.
25, 227, 2

&
=

\lerced
230, 232
\lmle~m

\lun!er(‘\'
261

Palm Springs
DG
264, 271

Redding
PETIRT:

.\'ullnas
280
San_Bernardino
297, 279

()
Franciseo - Oak-

24
San
land
A\letrnpn:ltun s,
22

san Jose
264, 265
\ml l,uh ()blspn
\nmu Hurlmrn
274, 276, 278
Santa Maria
234, 236
Santa Rosa
258, 260
Stockton

AV ut'-um\ ille

T )'I‘A L

COLORADO

Pop. 1,123,000
$q. Mi. 103,658
Alamosa
222, 224
Colorado Springs
265, 267, 269, 271
enver

96 statlons

240, 247, 249, 251,
258, 255, 257, 259,
261, 263

Durango

226, 228
Grand Junction
230, 232

CGiree! e
276, 278
l.u Junta
233, 235
I’uehlo
T3, 275, 277, 279
Sterllnu
272, 27
TOTAL 40 stations
CONNECTICUT
Pop, 1,709,000
$q. Mi. 4,820
Bridgeport

265, 267, 269

ine. Danbury
Danbury

see Hrmuepnrt

230, 232,
ine, Merlden
Meriden
see Hartford
New Haven
263, 271, 275, 277,
279
New London
250, 252
Stamford
(,ommunlt} channel
Waterbur,

222 22 L261,273
TOTAL 20 stations
DELAWARE

Pop. 267,000
$q. Mi. 1,965
Wilmington
264, 266, 268
lnc Hrld;,eton. N, J.
TOTAL 3 stations

DIST. OF
COLUMBIA

Pop. 663,000
Sq. Mi. 62

whington
1

FLORIDA

Pop. 1,897,000
Sq. Mi. 54,861
Daytona BBeach
243, 285

267, 260
Juckwn\lllc
: 242, 244, 246,
}\‘ey West
225, 227
Lakeland
287, 280
Miami Miami Beach
238, 240, 242 244,
246, 248
()(‘ulu
250, 252
()rlumlo
25K, 261},
Pu m ‘Beach

262

Pmuunu( Tty
-A-’ 278
Pensacola
225, 227, 220
St. Augustine
226, 228

221,
\uru,\um

241, 243
Tallnhassee
271

1,278
Tampa
227, 229, 231
W e.st )’alm Beach
254,
TOTA l‘ 49 stations

GEORGIA

Pop. 3,124,000
Sq. Mi. 58,725

.' 263

Ceds.rtuwu
271

ln(’ "Dalton
Columbus

242, 244, 246

see Opelika, Ala.
( ur(lele
. 256

Cedartown and

Gainesville

)

Griffin
222, 224
LaCrange
8, 240

\loultrle

262,
Rome
265, 267
Kavannah

253, 255, 257, 259
Thomasvilie

249, 251
'l‘occga

24
Valdosta

We:;v. Polnt
TOTAL

IDAHO

Pop. 525,000
Sq. Mi. 83,354

Bolse

271, 273, 275
Idaho Falls

268, 270
Lewlston

257, 259
Nanipa

267, 269

49 stations

g “In Falls

2349, 241, 243

W ullul'(- =

29
I()l‘\l.

ILLINOIS
Pop. 7,897,000
Sq. Mi. 56,043
Aurora
275, 297

16 statlons

ine. Joliet

nlumnlm.mn
280, 232
« ulrn
243
Arlmn(lulc
€ ur!hage
254, 261

[4 ‘humpulgn
see ['rbana
« Il Immy
21,

2
&

261

souls

Louis, Mo,

see Chicago
3 r(-cglmrt

Gialesburg
234, 236
llurrhhun.z
255, 257
1terrin
254, 261
Ju('kuonvllle
-A
Joliet
see Aurora
Kankakee
243

\n \ermm
65
Peorla
222, 224 226, 228

Itm l\l(ll‘ll
Ihka Island
ee 1davenport, In

.\prlnmlem
267, 269, 276
Tuse

2
Urbana
25K, 260, 262
ine. Champalgn
X

Waukegan
TOTAL ab stations
INDIANA

Pop. 3,428,000
Sq. Mi. 36,045
Anderson

see Indianapolls
Columbus

34
Connersville

2 234
inc. Hemlemur and
()wensboro Ky.

Fe
.m 258 240
Hammond
263, 265
lndlanal)olls
3, 22 229

2
Ine, Anderson
Kokomo
268, 270
Lafayene
2, 27

fichmond
275
Shelbyville
221
South Bend
267, 269
‘Terre tHaute
242, 244
Vincennes
271, 273
West Larayette
2
roT AL
IOWA

Pop. 2,538,000
Sq. Mi. 55,586

39 statlons

Amas
237
Boone
234, 2385
Hurllngtou

< edur lmpldﬂ

< Ilnlnn

l)uvenpurt
266, 268
see Rock Island, I

272
l)ul)uuuc

256, 208,
Fort l)mlue

253, 258
lowa ¢ lty

260

\lnrﬂhnlltu“u
230,
.\lsson ( I!y
257, 259
()ltunmu
74, 277
\henmnlnnh
3R, 240, 242

Sloux ¢ Ity

274, 276, 278
Npencer
241, 243
Waterloo
244, 25
TOTAL 39 stations
KANSAS

Pop. 1,801,000
Sq.Mi. 81,774

Atchison
264, 266
(4 oﬂe) vllle
276, 278
l)mhze ¢ Il)
24

lam;mrlu
269, 27

Garden ¢ ity

225, 227
Great’ Hen(l

25K, 260
1tutchinson

287, 234
Kansas ity

see Kansas Clty,
Lawrence

277. 279
Manhattan

229 204

Mo

Plttshurg
238, 210

278, 27
w lchlv.a
Zﬁl, 243,

25
TOTAL

246, 249,

24 stations

KENTUCKY

Pop. 2,846,000
$q. Mi. 40,181

Ashland

c{ge Huntington, W,
Bowlinu (ireen

242, 244

Harlan

240, 248
Henderson

see Evansville, Ind.
Hopkinsville

250, 252
Lexington

272, 274
Loulsvllle

see IS vansvllle. Ind.
Paducah

245, 247
“lnchester

276, 2
TOTA L 19 stations

LOUISIANA

Pop. 2,364,000
Sq. Mi. 45,409

Alexandria
261, 263, 265
Baton Rouge
241, 243, 245
L. atnveue
247, 249
Lake Charles
277, 279
Monroe
254, 256, 258
New Orleans
224, 226, 228,
235, 237, 239

233,

shreveport
244, 246

246, 248, 2450,
252
TOTAL 25 stations
MAINE
Pop. 847,000
Sq. Mi. 29,895
Augustn
226, 228, 230
’n
32, 234, 236, 238
Lewiston
2, 224

261, 263, 265
l’resque Isle

240, 242
TOTAL 14 statlons
MARYLAND

Pop. 1,821,000
Sq. Mi. 9,941
Haltlmore

‘umhvrlxmd
256, 262
¥ n-(ln-rlbk
25
Hagerstown
Community channel
Olney
Community
\ull-ahurv
‘ommunity  channel
I ()l Al 12 statlons

MASSACHUSETTS

Pop. 4,317,000
Sq. Mi. 8,039

Baoston
221, 223

channel

264, 2

Inc. Waltham
3 nll River

3, 245, 247

inc, New Bedford
Fitehburg

Community channel
Gireentield

Community channel
Haverhill

241

e {nke
238, 240, 242,
246, 248
inec. Springtield
lL.awrence
239

244,

l.ow(_a}l
i
New Bedford
see Fail River
North Adams
68

26
Plttstield
280

Salem

Community channel
Springfeld

see Holyoke
Waltham

see Boston
West Yarmouth

Community ehannel
Worcester

260, 262, 274, 276
TOTAL 28 stations

MICHIGAN

Pop. 5,256,000
$q. Mi. 57,480

Ann Arbor

277, 279
Bmtle C‘reek

271, 273

ine. l\alamazoo

Ine. Saginaw
Hﬂl!()ll Harbor
28(

( mllllﬂc
222

Calumet
242, 244
Dearborn
Community
Detroit

channel
5, 227,
. 233, 235,
39, 241, 243,

37,
245, 247

ine. Pontiae, Royal

Oak and Wyandotte
Fast Lansing

258, 260, 262

inc. Lansing
Escanaba

221, 223
Fint

264, 266, 268, 270

Inc. Lapeer

Page

oirand R.mhh

(ummunll\ chanael
Kalamazon

see Battle Creek
Lansimg

see bast Lansing
Lapeer

see Flint
I lullngmn

277,279

L 256
Pontiac

see Detroit
Port Huron

272, 27
Royal Oak

see Detrolt
Saginaw

see Bay ('ity
Sault Ste. Murie

Tae ( ity
o
Wyandotte
see Betrolt

TOTAL At stations

MINNESOTA
Pop. 2,792,000
Sq. Mi, 80,858
Albert lea
261
Duluth
222,224, 226
ine. Superior, Wis
l-('nzus Falh

Y F
’22 2 ’4
M Innonpnlh
24 246,

24K, 250,

273,

inc, Bt. I’uul
Moorhead
L2549

see Fargo, N. 1>
Northileld

238, 240
Rochester

234, 236

3 25 1
st. Paul
see Minneapolis

Winons

2
TOTAL 36 stations

MISSISSIPPI

Pop. 2,184,000
$q. Mi. 46,362

' Iarksdale

Hattlesburg
257, 259
Jackson

262, 264, 266, 268,

270
Laurel
242 244
M omh

276,

l()l‘AL 33 stations

MISSOURI

Pop. 3,785,000
Sq. Mi. 68,727

(‘ape Girardeau
239, 241, 243
see Calro, 11,

Clayton
see St. Louis

FM axp TrLevisioN



(‘ulumbla
244, 246
]lannllml
240, 242
Jeﬁemun City
264

ine, Clayton
Sedalia
268, 270
Springfield
224, 226, 228, 230,
TOTAL 39 statfons
MONTANA
Pop. 559,000
Sq. Mi, 146,131
Billings
239, 241
Bozeman
243, 245
Butte
248, "5()

Miles City
235, 237
\Ilﬁsnuln o

232
TOTAL

NEBRASKA

Pop. 1,316,000
Sq. Mi. 76,808

Fremont
280

18 stations

see Omaha
Grnnd Islnnd

249, 251

North Plntte
222, 224
ma a
221, 223, 225, 227,
2’0 231, 271
see Fremont
anttshllm

TOTAL
NEVADA

Pop. 110,000
Sq. Mi. 109,821

Boulder (‘7Ity
Lt Vs
259, 261, 263

eno

259, 261, 263
TOTAL 8 statlons
NEW HAMPSHIRE

Pop. 491,000
$q. Mi. 9,031

Claremont
271

24 stations

{eene
Community channel
Laconla

54
\Ianchesber

\Ioum \\ ashington
251, 253, 265, 257
Porﬂmomh

249
TOTAL

NEW JERSEY

Pop. 4,160,000
Sq. Mi. 7,514

Alpine

see New York
Asbury Park

Community ehannel
Atlantic Clty

Community channel
Bridgeton

see Wilmington, el
Camder

see Philadelphia
Ewing Township

see Trenton
Jersey (it

see New York
Newark

see New York
New Brunswick

Community channel

9 stations

inc. ],Mng ’1 ownsh,
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Zarephath
Community channel
TOTAL 3 statlons

NEW MEXICO

Pop. 532,000

Sq. Mi. 122,503
Alhuquerque

245 . 249, 251
(& urlqlm(l

e
260
T u(‘umt‘arl

P

276, 278
TOTAL

258,

20 stutions

NEW YORK

Pop. 13,479,000
Sq. Mi. 47,654

Albany
221, 223,
229, 231, P
259, 264,266, 272

llnc Scheneetady and
Auburn

see Nyracuse
Batavia

241, 247
Blm:hnmtun
242, 244
RBrooklyn

see New York
Buffalo

221, 223, 225,

229, 31, 233,

237, 239

inc, Nlagara Falls
Coram

gee New York or pos-

sibly Conn, chaanels
(& 0 rning

236

227,
235,

236
see Elmira
l)lmklrk7

8
see (‘orning
l"reeport
(‘ommunity
(,Ioversvlllc

channet

Community channel
Jamestown

268, 270
Kingston

Community
Massena

226, 228
Middletown

Community channel
Mt Vernon

see New York
Newburgh

(,ommunlty channel
New w v Yol

channel

% )
lnc. numerous adja-
cent eltles
.\'Im.mru Falis
see Buffalo
Ogdenshun:
260, 262
Olean
272, 274
Oswego
270

i
Plattsburg
222, 224
Poughkeepsic
Communlty channel
Rochester

Guramm Lake
237,

qchenecturly
see Albany

erncusc

_ine, " Auburn

0

see Albany
Utica

250, 252, 254
Watertown

256, 265
West D

ee New York

8
White Plains
gee New York

ew I3rlghton

Woodside
see New York
TOTAL 85 stations

NORTH CAROLINA

Pop. 3,572,000
Sq. Mi. 48,740
Ashe;'lllc

232, 284,

Burllm.tnn

236

26
Charlotte
264, 266, 273, 275
see Gastonia

Coneord
26: )

see Sallsbury
l)urlmm

Lllzubcth City
2386, 238

l-a)c'ttcvllle
(,nsmnla

N:‘c Charlotte
.()l(l%lmro
259
Greensboro
251, 253, 255
se¢ High Polnt and
Winston-Salem
Greenvlile
241, 243
Henderﬂnn

26,
lll(-knry
H8
ngh Point
240, 278

see Greenshoro
\\'lnqmn-\ulem

and

see Klnston
Jacksonville

R(uumke ilupl(l%

see ]((mky Mount
Ro(-l\y '\qunt
277, 279
see Roanoke Raplds
Qall% ))ury

W nshlnmun
260

Wilmington
221, 223

\Vll‘mn
261
W Ilhtml-qnlcm
240, 243, 245, 247

see | (-reeml)oro and
High Point
TOTAL 45 statlons

NORTH DAKOTA

Pop. 642,000
Sq. Mi. 70,183
Bismarck
222, 224, 226, 228
ine. Mandan
I)e,\‘rll's Lake

v
261, 263
see Maoorhead, Minn,
tirand Forks
236, 238, 240, 242
Jmnmtuwn
5, 247
Mumlml
see Bismarck
\”l;()

18 statlons

OHIO
Pop. 6,908,000
Sq. Mi. 40,740

P 34‘». 238, 240
ine. Tuilinadge
Alllance
242, 244, 246
ine. C‘unton
Ashland
264, 266
Ashtabula
see brie,
ALhem
-4 H
Canton
see Alliance
Cineinnatt
230, 241

Pa.

265

inc. Springield
Duver

Community channel
Fast Llverpool

Community channel
Findlay

269

IFgstorin
Community channel
Freemont

see Toledo
Hamilton

see Clneinnati
Lima

Community channel
Loratn

see (‘leveland
\l.uMI('I(l

268, 270

inc, Zanesvlile
T'ortsmouth

see Huntington, W,

Va,

springfleld

see 1)ayton
Steubenville

see Wheeling, W, Va,
Tallmadge

see Akron
Toledo

2449, 251, 253, :

ine. ¥reemont
W arret

269, 271

wlso \Imrnu, Pa.
Wouster

248, 250
Youngstown

see Sharon, P,
Zanesville

see Newark
TOTAL 53 stations

OKLAHOMA

Pop. 2,336,000
Sq. Mi. 69,414

Ardmore
216

10
Bartiesville
e

Fnld

268, 270
Lawton

275, 277
Muskogee

221, 225
Norman

see Oklahoma City
()I\lnlmma « Ity

265
. Poncn City and
Norman
Okmulgee
250, 280
Ponea City
see Oklnhoma Clty
or T'ulsg
Shawnee
242 244

28 stations

OREGON

Pop. 1,090,000
Sq. Mi. 95,607

Allnmy
255
A\J!lll'lll
260, 280
Baker
.!54 256
ne{ul

see Albany
‘I'he Dalles

249, 251
Kugene

259, 261

« s Pass
T4

I\lumuth I«nllﬂ
2 L 242

Lac -rm\(le
)')6 228

Medford
276, 278

Pendleton
230, 232

l’urll.md
R4

241,
see \' ancouver, Wash,
Roseburg
267, 269
Salem
245, 247
TOTAL

PENNSYLVANIA

Pop. 9,900,000
$q. Mi. 44,832

Allentown
234, 236, 238, 240
ir Hethlehein and
Faston
Altoona
264, 266
Beaver 17alls
see Pittshurgh
Hethlehem
see Allentown
I!rmllurd

42 statlons

s('c Jamestown

Olean, N, Y.
Butler

see l’ittsl)umh
Clearfield

see DuBois
Dubecis

and

T“‘ Allentown

[
250, 261, 263, 265
ine, Ashtabula, O,
Glenside
see Philadelphia
¢ .reensl»urg
23

Girove ity

(mnmunlty channel
H:nrrlshuru

245, 247, 249, 270,

272 278

Iazelton
Community channel

formerly FM Rapio-ELEcTRONICS

Tndiana
: ummunlty channel

ewis
274, 276
Meadville
see Sharon
New ('astle
see Sharon
New Kensington
see Pittsburkh
'hllu(lelp;)ln

< 6
’66 274,
Ine. G lensldc.
and Camden, N, J.
l'lnshurgh
-;-;() ‘;1
inc. New kemlnumn

Beaver Falls and

Butler, Pa.
Pottsville

Community channel
Reading

226, 228, 230, 232
Seranton

"!‘y 263, 265, 269,

l 273, 275 277,

Inc Wilkes-Barre
Sharon

253, 255, 257, 273,
275
inc., Warren and

and
New

Youngstown, ().,
Meadville and
Castle
\tule College
252, 254
Sunbury

LM uluumwn

W m.hlnmon
277, 274

w llkeq ]!nrre
see Neranton
\\'Illlumﬂz;nrt

5, 237,

243
TOTAL
RHODE ISLAND

Pop. 713,000
$q. Mi. 1,067
Pawtucket
see Providenee
Provldence
254, 256

239, 241,
83 stations

6 stations

SOUTH CAROLINA

Pop. 1,900,000
$q. Mi. 30,495

Anderson
278, 280

Conway
2381
l"lur(-ncc
268
Greenville
J_'?) ))7 290

see Spartanburg
Gireenwood

240, 242
Rn(‘k Hin

\m\nunhum

see (,reen\llle
\unner
277 . --

see (Columbla
TOTAL 21 statlons

SOUTH DAKOTA

Pop. 643,000
$Sq. Mi. 76,868

221, Z 3, 225, 227
Sloux Talis

262, 264, 266, 268
Vermllllon

18 statlons

T2
'l()l AL

TENNESSEE

Pop. 2,916,000

Sq. Mi. 41,687
Bristol

269, 271, 277, 279

ine. Johnson Clty

and Kingsport
Chattanooga

233, "-i.) 237, 230,

241,

ine.' ¢ levelnml
( l.nrl\s\'lll

254, 256
Clevefand

see ("hattanoogn
Cookeville

263

Jackson
234, 236
Johnson Clity
see Bristol

Kingsport
see Bristol

Knoxville
232, 224, 226, 228,
230

\lemphh
220 .’.’4, 226, 228,
3() 232

Nashvlile
221, 223, 225, 227,
229, 261

TOTAL 32 stations

TEXAS

Pop. 6,415,000
Sq. Mi. 262,398
Abilene

, 246, 248

233,

Harlingen and

McAllen and Weslaco
Ixruwnwnml
258, 260

(& urpus ( hrletl
24 24 245,

e
-
=

ana
254, 256
Diallas

226, 2%8 230, 232,

Fort Worth

...W 241, 243, 262,

. 276, 278
Longview and
er

\lldland
L 277
\Ic ilen
see Bnm nsville
Palestine
264, 266
Pampa
232, 234

ecus
277, 279

\un‘AuLzel‘o
San Antonio
261, 263

Sherman
268, 270
\weetw ater

CO
222,224
Waxahachle
see Dallas and Iort
Worth
Weslaco
see Ilrownsville
A lchlta Falls

249, 251
l()T AL
UTAH
Pop. 550,000
$q. Mi. 82,184
Cedar Clty
221, 223

107 stations

269,
\un Lnke ( lw

24 247, 249, 251,
2)7 2

20 statlons

261, 26
TOTAL

VERMONT
Pop. 359,000
Sq. Mi. 9,124
Ilurl;lngton
230
Ru,tlsmd
$t. Albans
234, 241
\\'eterhury
246, 2
TOTAL 7 statlons
VIRGINIA

Pop. 2,678,000
Sq. Mi. 40,262

Alexandria

se¢ Washington, .,
Charlottesville

276, 27

Ine. Staunton
Covington

236, 238
Danv

le

221, 223
I'redericksburg

see Washington, 1), (",
1 larrlsnnhun:

232,334

L ynchhum

268K, 24()

\ewpnrl ‘\‘rws
224

see Norfolk, Suffolk
and Portsmouth
\urf()

I\evmnrt News,
Portsmouth and Sut-
folk

Petersburg
258, 260

Portsmouth
230, 232
see Newport News,
Norfolk amd Suffolk

Richmond

242, 244, "46 248,

250, 252, 254, 256
Roanoke

225, 227, 229
Staunton

see (‘harlottesvilie
Suffolk
gee Newport
Norfolk and
month
Winchester
Community channel
TOTAL 31 statlons

News,
Ports-

WASHINGTON

Pop. 1,736,000
Sq. Mi. 66,836

Aberdeen
264, 266

Belllm:lmm
276, 27

C‘entralia
260, 262

Port Anxzolm
268, 270
Pullman
PR 2

248,
v mlcouvcr
1

see Portland, Ore.
W nlln \\'hlln

234, 236
W ennt(‘hpe

267, 269
Ya)kl ma_

TOTAL'
WEST VIRGINIA

Pop. 1,902,000
Sq. Mi. 24,022
Beckley
264, 266
Blu(_eﬂeld

279
49 stations

c
¢ harlexmn
2.
>'m‘
Clarksburg
245, 247,

inc. IPalrmont

Morgantown
Fairmount

see Clarksbury
Huntington

258, 260, 262

ine. Asbland, Ky.

249, 251,

and

Morgantown

see (larksburg
Parkershurg
Welch
see Bluefield



Wheeling
159 161 263, 26!
ine.’ Steubenville, 0.

Wllllamn;m
OTAL 27 statlons
WISCONSIN

Pop. 3,138,000
Sq. Mi. 55,256

Appleton
262, 264
Anlllaml
261 R

53,
l"(md «lu 1Lac
278, 280

Green' Bay
266, 268
Cireenfield "1'ownship
see Madison
Janesville
238
La Crosse
221, 223
\lmllﬂon
248, 25
ine. (yreemk'hl Town-
ship
‘\Ianlmwm'

226, 228,

230, 232, 234, 246,
240, 141 144 .'-lﬁ
i)<hku~xh
e

&helm) uan
254, 256
Sle\'enx Polnt

24"

1!

see l)uhml. Minn.
Wausau

233, 235
W Iﬂcunsln Rapids

241, 243
TOTAL
WYOMING

Pop. 251,000
Sq. Mi. 97,548
Casper
247, &
Chey

449 stations

l(nrk \prlnus
223

&Imrhlnn
i By

L2
L 11 stations

GRAND
TOTAL 1577

1577 stations

CITIES ASSIGNED TO FM CHANNELS

221
Ala. Selma
Ariz.  Globe
Ark. Pine Hjuff
Calif.  San Franeiseo
1), ¢, Washington
Fla, St. Petersbuars
Ga, Brunswiek
mn. Chleago
Ind. Shelbyville
Kan. Dodge City
Mass. Boston
Mich. Detrolt
Escanaba
Minn. Fergus Falls
Mo, 8t Louls
Neh. Omaha
N, M. Carlsbad
N. Y. Albany
Buffalo
New York
Ohio  Columbus
OKkla.  Muskogee
Ore. Portland
Pa. Pittaburgh
Willtamsport
8. (. Spartanburg
=, D, I{apld Clty
Tenn. Nashville
Tex. Brownsville
Lufkin
ITtah Cedar City
Va. Danville
Wash., Spokane
Wis I.a Crosse
Wyo. Roek Springs
222
Calif.  Marysville
San Diego
San Luis Oblspo
Colo.  Alamosa
Conn. Waterbury
Ga, Grifin
. Peoria
Ind. Evansville
Kan Manhattan
Me. Lewlston
Mich. Cadlllae
Minn, Duluth
Mankato
Neb.  North Platte
N. Y., Dlattsburg
Syracuse
N.D. Blsmark
Ohio  Cleveland
Ore. Bend
Pa. Lancaster
8. Charleston
Tenn. Knoxville
Memphls
Tex. Vernon
Waeo
Va. Newport News
Wash, Seattle
W. Va. Charleston
Wis.  Milwaukee
223
Ala, Selma
Ariz Globe
Calit,  Los Angeles
San Franeisco
D. . Washington
Fla, st, Petersburg
Ga, Brunswick
ni. Chlcago
ind. Indlanapolis
Kan. Dodge City
Mass,  Boston
Mieh, Detroit
Escanaba
Minn. Fergus Falls
Mo, St Louls
Neb.  Omaha
N. M. Carisbad
N. Y. Albany
RBuffalo
New York
Ohlo  Columbus
OKla. Bartlesvilie
Ore, Portland
Pa. Pittsburgh
Willlamsport
8, C. Spartanburg

34

S, D0 Rapid City
‘I'enn.

Nashvllle

Tex Brownsvilie
Port Arthur
Texarkana

("tah  Cedar City

Va. Danville

Wash. Spokane

Wis, I.a Crosse

Wyo. Roek Springs

224

Callf.  Marysville
San Diego
San Luis Obispo

Colo,  Alamosa

Conn. Waterbury

G, GriMmn

m. Peoria
Ind Evansville
Kan Manhattan
La. New Orleans
Me. Lewiston
Mich. Grand Rapids
Minn. Duluth
Mankato
Mo Springield
Nebh.  North Platte
N. Y. Plattsburg
Syracuse
N. ). Bismark
Ohio  Cleveland
Ore. Bend
Pa. Lancaster
8.0 Charleston
Tenn. Knoxville
Memphis
Tex. Vernon
Waeo
Va. Newport News
Wasli. Seattle
W. Va. Charleston
Wis.  Milwaukee
225
Arlz.  Prescott
Calif.  Los Angelex

San Franelseo

n.c, W ﬂ.‘illlllgl(lll
Fla. Key Wesl
l’emnculu
8t. Petersbury
(118 Chiengo
Ind. Indianapolis
Ia. Decorah
Kan. Garden City
Muass.  Boston
Mich.  Detroit
Marquette
Miss,  Vieksburg
Mo, St. Louls
Neh. Omaha
N. Y. Atbany
Bufralo
New York
N. C.  Kinston
Ohio Columbus
Okln.  Muskogee
GOre. Portland
Pa, Plttshurgh
#H, Greenville
KD Rapld City
‘T'enn. Nashville
T'ex Brownsville
El Paso
Lufkin
. Roanoke
Wash, Spokane
226
Ala, Birmingham
Calif.  Chleo
San Diego
Cofo.  Durango
Conn. Iartford
Fla. St. Augustine
Ga, Albany
. Peoria
Ind Evansville
La New Orleans

Me. Augusta

Mich. Grand Raplds
Minn.  Duluth

Mo, Springheld
Neb. Kearney

T'enn.

T'ex.

\\ n.~l|
\\ I

:

Ariz.
Calir.

Mass,
Mich.

Minn,

Miss,
Mo.
Neb
NOY.

va.
Wash,

Ala.
Calif.

Colo,

Conn.
Fla.

N. D,

Tenn

Tex.

Va
\\ n.xh.

AY
\\'I\

Arlz,
Callf.

..
Fla.

(L
Tnd,
Muss.
Mieh.
Minn,

Mo,
Neb.
NOY.

N.
Onio
OKla.

Vi,

Wash.

Ala.
Calit

Colo

Conn.

ore
Py,
Tenn.

Massena
syracise
Bismarck
Cleveland
La Grande
Readlnyg
Charleston
Knoxville
Memphis
Dallas
Lubbock
‘I'exarkana
Norfolk
Seattle
Charfeston
Milwaukee

227

Prescott
Los Angeles
San Franciseo
W ashlmmm
Key V
I’ensumh\
Tampa
Chieago
Indlanapolis
Iecorah
Ciarden City
Boston
Detroit
Marquette
Willmar
Vieksburg
St. Louls
Omaha
Albany
Buffalo
New York
l\llhmn
umbus
l ulsa
Portland
Pittsburgh
Cireenville
Rapld City
Nashville
Brady

K Paso
Laredo

Port Arthur
Roanoke
Spokane

228

Birmlmgham
Chico

San iego
Burango
Hartford

St. Augustine
Albany
Peoria
livansville
New Orleans
Augusta
Grand Raplds
Virginia
Springticld
Kearney
Massena
Syracise
Bismarek
Cleveland

La Grande
Reading
Knoxviile
Memphis
Dallas
Lubbock
Norfolk
Seattle
Charleston
Milwaukee

229

Lowell

Los Angeles
sSan Franelseo
Washington
Ft. Lauderdale
Pensacola
‘Tampa
Chieago
Indianapolis
Boston
Detroit
Willmar
Winona

8t. Louls
Omaha
Albany
Buffalo
New York
New Bern
Columbus
Tulsa
Portland
Plttsbursh
Greenville
Nashvlile

rady
Huntsville
I.aredo
Roanoke
Spokane

230
Rirmingham
Jureka
Merced
San Diego
Girand Junetion
Hartford
Albany
Bloomington
Kvansville
\Iarﬂlmlmm n
August
(.ran(l Imnhls
Virgin
&prlngllcl(l
Sidney
Ryracuse
Cleveland
Pendleton
Pottsville
Knoxville
Memphls

T'ex
Va.
Wash,

W.ova,

Wik,

Ala.
Ariz.
Calit

Do
Fla

1
Ind.
Mass,
Mleh,
Minn.
Mo,
Neb.
NOY.

N. D,
Ohio
OKla.
Ore.
Pa.
8o,
Tex.

Vi
Wash

Ala.
Calit

vt
Va.

Wash.

Arlz.
Calir

Colo.,
.
Fia.

Mass

Ala.
Calif.

Conn
Ga
i1l
Ind
Me
Mich.
Minn,

.
Wash.

W. Va.
Wis

Ariz.
Canr,

Colo.
Fla

G

Dallas
Portsmouth
Seattle
Charleston
Milwaukee

231

Moblle
Lowell

Los Anglees
San Franeisco
Washington
Ft. Lauderdale
Tampa
Chicago
Indlanapolis
Boston
Detrolt
Winona

8t. Louis
Omaha
Albany
Buffalo

New York
Devil's Lake
Columbus
Tulsa
Portland
Plttsburgh
Conway
Huntsvilie
Han Angelo
Martinsville
Spokane

232

Birmingham
l il Centro
Kureka
Merced
Redding
Grand Junetion
Hartford
Wayeross
Bloomington
Kvansville
Bangor
Crand Rapids
Hibbing
Springfield
Sidney
sSyracuse
Ashevllle
Cleveland
Pendieton
Readlng
Memphis
Dallas
Pampa
RBurlington
Harrisonburg
Portsmouth
Seattle

. Logan

Milwaukee

233

Safford

Los Angeles
san_ Franelseo
I.a Junta
Washington
Daytona Beach
Fort Myers
Augusta
Chiteago
Indianapolis
HBoone

New Orleans
Boston
Detroit

Sault *te. Murle
St. Louis
Hastings
Roswell
Albany
IBuffalo

New York
Devil's Lake
Columbus
Tulsa
Portland
Pittshurgh
Chattanooga
RBrownsville
College Statlon
san Angelo
Martinsville
Wausau

234

Birmingham
Kl Centro
Redding
Santa Marla
Hartford
Wayeross
CGinlesbury
Evansville
Bangor
Girand Raphds
Hibbing
Roehester
St. Joseph
Seottsbluft
syracuse
Axheville
leveland
Allentown
Jackson
1’ampa

st Atbans
Ilnrrlmnhuru
Heat

W alln Walla
Logan
Milwnukee

235

Safford

L.os Angeles
san Franeiseo
La Junta
Daytona Beaeh
Fort Myers
AMgusta

1.
Ind.
a.

La

Mass.

Mich

Mo.
\lull!
Neb.

N. M
N. Y

N. C.
Ohlo
()klu.
re.
l’n

Tenn.
T

ex.
Wis.

Cullf

( Jonn

Ariz,
Callf,

Ml
lda,
a.
Kan,
La.

Mass,
Mieh.

Miss,

Chicago
Indlanapolis
Boone
New Orleans
Boston
Detroit
Sault Ste. Marle
st. Louis
Miles ity
Hastings
Roswell
Albany
Bufralo
New York
Ralelgh
{Columbus
"ulsa
Portland
Plttsburgh

Or|
Chattanooga
Dallas
Wausau

236

Redding
Santa Maria
Hartford
Valdosta
Gialesburse
Fort Wayune
Bangor
Roehester
Greenville
St. Joseph
Scottzbluff
Corning
Asheville
Ellzabeth ity
Grand Forks
AKkron
Allentown
Jackson
College Station
Covington
Seuttle
Walla Walla
Milwaukee

237

Tueson

Los Angeles
San Franeisco
Lakeland
Augrusta
Columbus
Ames
Hutehlnson
New Orleans
Lowell
Detroit
‘Fraverse (‘ity
Columbus
St. Louis
Miles City
Clovis
Buffalo

New York
Saranac Lake
Raleigh
Portland
Gireensbury
York
Watertown
Chattanooga
Brownsvilte
Dallas
Medford

238

Yuma
Visalla
Miami

La CGirange
Valdosta
Fort Wayne
Shenandoah
Pittsburg
Bangor
Holyoke
Northtield
CGreenville
Gallup
Elmira
Elizabeth Clty
Girand Forks
AKron

Ik City
l\lnmath Falls
Allentown
Rock Hitl
Austin
Covington
Pullman
Neattle
Janesville

239

Tueson
Los Angeles
San Francisco
Lukelan(l
I'win Falls
Marshalltown
Hutchinson
New Orleans
Lawrence
Detroit
Traverse ity
Columbus
Cape Girardeau
Billings
Clovis
Ruffalo
New York
Saranac Lake
Raleigh
Cineclnnati
Portland
Greensburg
York
Watertown
Chattanooga
Rrownsville
Fort Worth
Medtord
(‘heyenne

w ash.

Wis

Arlz,
Ark.
Calif.

Fia.
lda.
m
Ia.

Kan.
La.
Mass,
Mich.
Mo.
\lont.
N.Y,
A
( dhio
re.
l’:\
“Tenn.
Tex.
Ve,
Wis.
Wyo.

Calif,
Fla.

Ariz.
Ark.
Callf,

Fia,
Ida,
.

In.

Kan
La.
Mass,
Mieh.
Mo,
Mont.
N.Y

N.(
Ohilo
ore.
Pa.
‘Tenn.
Tex.
Vit
Wis,
Wyo.

240

Yuma
Visalla
Jacksonville
Mlami

La Grange
Fort Wayne
Shenandoah
Pittsburg
Harlan
Presque lsle
Holyoke
Northfield
Hannibal

Klamath Falls
Allentown
Greenwood
Puillman
Seattle
Milwaukee

241

Tueson
Helena
l.os Angeles
San kFranclseo
Sarasota
Twin Falls
Chieago
Cedar Rapids
spencer
Wichita
Baton Rouxe
Haverhlil
Detroit
(‘ape (,lrar(leml
Billin;
Hatavla
New York
Greenville
Winston-Salem
Cinelnnatl
Portland
Unlontown
York
Chattanooga
Corpus Christi
Fort Worth
St. Albans
Wisconsin
Raplds
Cheyenne

242

‘I'ulare
Jacksonville
Miaml
Columbus
‘I'erre Haute
Shenandoah
Bowling GGreen
Presque Isle
Holyoke
‘alumet
Laurel
lHannibal
Binghamton
Grand Forks
Aflianee
Shawnee
Klamath Falls
Philadeiphia
Greenwood
Blg Spring
‘Texarkana
Richmond
Pasco
Seattle

. Willlamson
Milwaukee

243

Tueson
Helena

Los Angeles
San Franclsco
Sarasota
Twin Falls
Calro
Kankakee
Cedar Raplds
Spencer
Wichita
Baton Rouge
kall River
Detrolt

C‘ape Girardeau
Bozeman
Batavia

Winston-Salem
Cinelnnati
Portland
Untontown
York
Chattanooga
Corpus Christl
Fort Worth
Rutland
Wisconsin
Raplds
Cheyenne

244

Muscle Shoals
T'ulure
Jacksonvlile
Miam!
Columbus
Terre Haute
Bowling Green
Shreveport
Holyoke
Calumet
Minneapolls
Laurel
Columbla
Binghamton
Altlance
Shawnee
Philadelphia
Big Spring

Va.
Wash,

W. Va,

Wis.

Ariz.
Ark.
Callf.

Utah

W. Va,

Wis

Ala,
Fla.
Ga,
Ind.
Kan.
La.
Masy.
Minn,

Arlz.
Calit,

Colo.
I

Ala.

Calit,

Colo.
Ga.

.
Ia.
Knn
.\eh
N.H.
N. M,
N.Y
N. C.
N. D,
Ohio

Pa
Tex.

Richmond
Pasco
Seattle
Willlamson
Mllwaukee

245

Phoenix
Siloam Springs
l.os Angeles
San Franclsco
Denver
Chleago

lowa Clty
Paducah
Baton Rouge
Fall River
Detrolt
Clarksdale
Bozeman
Lincoln
Albuquerque
Gloversville
New York
Rochester
Winston-talem
Jamestown
Cincinnati
Satem
Harrisburg
Abilene
Corpus Christi
Salt Lake City
Clarkshurg
Stevens Polnt

246

Musele Shoals
Jacksonville
Hami
Columbus
West Lafayette
Wichita
Shreveport
Holyoke
Minneapolls
Meridian
Columbia
Hobbs
Alltance
Ardmore
Bradford
Philadelphia
Austin
Waterbury
Richmond
‘Facoma
Miiwaukee

247

Phoenlx
Siloam Springs
L.os Angeles

San Franclseo
Denver
Chicago

towa City
Paducah
Lafayette

Fall River
Detroit
Clarksdale
Lineoln

Albu uerque
New Yor!
Rochester
Winston-Salem
Jamestown
Cineinnati
Salem
Htarrisburs
Abllene
Corpus Christl
Salt Lake City

. Clarksburg

Stevens Point
(‘asper

248

Jaeksonville
Miam

West Point
Harlan
Shreveport
Holyoke
Bay Clity
Minneapolis
Meridian
Kansas Clty
Butte
Hobbs
Wooster
Du Bois
Philadelphia
Austin

Waterbury
Rtehmond
Taeoma
Madison

249

Huntsville
Phoenix
Blythesville
L.os Angeles
san Franciseo
IJenver
Thomasvlille
Toceoa
Chicago
Quinecy
Waterloo
Wichita
lafayette
Lincoln
Portsmouth
Albuquerque
New Yo
Rochester
HHgh Polnt
Minot
Cincinnath
Toledo

The Dalles
Harrisburg
Corpus Christi
Wiehita Falls

FM anp TELEVISION



Utah  Salt Lake Clty Ind. Marlon N. M. Santa Ve Wash. Centralia Ga. Rome Ohto  ‘Toledo Ia. Stoux Clty
W. Va. Clarkshnrg La. Monroe N. Y. Ithaca V. Va. iTuntington ldmm Nampa Okla. Ada Kan. Coffeyville
Wis, Marinette Mich. Muskegon N. (. Hiekory Wis. Appleton Springtield Pa. Seranton Ky. Winchester
Wyo. Casper Mlinn. st Cloud Pa Johnstown lml South Bend Tenn., Rristol Mass.  Worcester
1o, Kansas City Philiadelphia 263 Des Molnes l'ex. Amarillo Mich. lronwood
250 Helena R.1. Providence \llnn Minneapolis Beaumont Mlss., McComb
Nortolk S D, Vermillion Ala. Muontgomery N. Y. Ithaca Utah  Prove Mo, Poplar Bluff
Ala.  Moblle rex. Brownwood Ark.  Little Rock N. ¢ Burlington Wash. Vancouver N. M. Tucumear!
Conn. New London Parls Calif.  San Jose ore. Rosebury Ohio  Mansfleld
Fla, Ocala Jaeksonville Vi Petersburs Colo.  Denver ‘Tex.  Amarillo 272 Ore.  Medford
Palm Beach Ore. Baker Wash. Olympia Conn. New iaven Galveston 3 . Pa. Lewlstown
. I'uscola Pa. Philladelphia W. Va. Huntington D. ¢, Washington Utah  Ogden Calif. Fresno Philadelphia
Ky. HopkInsvilie State College Wis.  Manitowoce Ga, Athens Wash, Wenatchee Caolo,  sterling Tex.  Kligore
La. Shreveport Providence L. ¢'arbondale Wis.  Raclne Ga. Macon San Antonlo
Mich. Bay City Columbla 259 Ind, Ilammond Ind. Lafayette va. Charlottesville
Minn. Minneapolls Clarksville Ia, Dles Molines a. Des Maoines Wash. Bellingham
Mo, Kansas ity (‘orsleana Ark.  Little Rock La. Alexandria 268 Ky. Lexington Wis.  Poynette
Mont. Butte Richmond Callf  Los Angeles Me, Portland Ark Joneshoro Mieh. Port Huren o
N. Y. Utlea “Facoma hiatsonyille Neb. Grand island  Callf.  Bakerstield Miss. Macon
Ohlo” Wooster 2. Bluefield KoLl enyen Nev.  Lus Vexus Del.  Wilmington Natehez 277
Okla. Okmulgee " Sheboygan Ga. Atlanta Re Ga. Dublin Mo Joplln Ala, Opelika
Pa Du Bols ’ Savannah X ¢ Pavetteville Idaho Idaho Falls N.J. Trenton Ark.  El Dorado
’ Philadelphia 255 Idaho  Lewiston N. D, Fargo Wallace N. Y. Albany Callf,  Sacramento
S, C. Columnbia . . Carthage Ohilo Dayton Ind.  Kokomo Otean ' San Bernardino
Tex., ‘Temple Calif.  Los Angeles Chleago klu.  Oklahoma Clty Ia. Davenport N. €. Roancke Raplds  Colo.  Pueblo
va) Rlchmnml san Francisco \lerrin Ore.  Coos Bay Ky Loulsville Ohio Marton Conn. New Haven
Wash. Ta ‘ lo. - Denver lu. Mason Clty Pa. Erie Mass,  North Adams Ore.  Girants Pass ldaho  Pocatello
WiVa. Biuefiela Ga. Atlanta Md. - Baltimore Seranton Mich. Flint ) Pa. Harrishurg HI Aurora
Wis Madlson Savannah Minn.  Moorhead Tenn. Cookeville Miss, Jackson R Providence Ind Auncle
. Chleago Miss lluttlgslmra T'ex.  San Antonio 3 © Nedatla S, 1), Yankton Ia.  Ottumwa
251 Harrisburg Nev Las Veuas ttah  Salt Lake City Jamestown Tex. Kligore Kan Lawrence
In Fort Dodge Reno W. via. Wheellng Valley City San Antonio a L.ake Charl
Ala.  Decatur Kan.  Salina N. I Laeonta Wis.  Ashland Newairk Wash. Everett ad Baltin e
Arfz.  Phoenix Md. RBajtimore N. Y Albany nid is.  Oshkosh Aich A:m ;‘;;re
(Arll‘.r ll!lytgmvllle Miss ::r?;-nw:'m(l . (A\'el\:i ?"nrk 264 Florence A g ton
‘all .08 Angeles ultpor oldsboro Houx Fi X
San I’nfnclscu Nev. Itnul‘der ity Ohlo Dayton Callf. Bakerstield :l:;:u“l;tx:i::h) 273 2“::‘ "':‘ll:""les""“s
Colo Denver N. H. Mt Washington ()klu (lklahunm City  Del, Wilmington .\‘h(-r‘mun Ala. Mobile ‘\ .\" D D?“"k
Ga. Atlanta N. New York re. ugene G, Mouitrie Lynehbure Talledexa R “uuk r“
“Thomasville Rochester Pu. Krie . Rock Isiand Port Angeles Ark.  Hot Springs A e ount
m Quiney N. . Greensboro . sSunbury Kan. Atchison l‘-remi Bay ) Calif.  Riverside Pa. “‘crsntuu
Waukegan Ohfo  Cinelnnati I'ex. Houston Ky. Louisvile Saeramento . '\\‘ hingt
Waterloo Toledo Utab  Salt Lake City  Muss.  Boston Colo.  Pueblo T ._‘“;‘:'F:,'g on
Wichita Okla.  Oklahoma City M. ¥Va. Wheeling Mich.  Flint 269 Conn. Waterbury Plerr
l"ll'e(lerl('k ('lre. f‘\.llnmy SER Rice lLake Miss. ‘(]'ur'l(mh Ala. Dothan : :1. ‘ll;nillnhassee I nrluvfnl
Lincoln *a. Sharon ackson B ) ( aho ojse 5,
Mt. Washington 8. 1. Aberdeen 260 Mo, Jelteron City  *hlit. D Sprines Rockford Ut brice.
Albuquerque ‘I'ex. Houston Mont. Missoula Stocktor g lnd Connersville Wash. Y bt
New York Sweetwater a. - Montgomery N. Y. Albany Col Col l‘ Y} incennes i aktma
Gireensboro Utah  Salt Lake Clty  (alif - Santa Rosa N. €. Charlotte 0 ogoriu e Kan. “Topeka
Minot Vie.  loau Claire Fla. Oriando Olio Ashland (‘ B .l(})r I Md.  Baltimore 278
Cineinnatl Wyo. Sheridan 1. U'rbana Pa. Altoona l)m"‘l' \! o Mich.  Battle Creek J 3
Toledo : In.  Dubuque Philadelphia RS LI Ainn. Minneapalis iile STy
The Dalles 256 Kot Liondvitie Sloux Fails Ga Cedaptows N (% Charlotte Colo. Cregey T
Y. oulsville Jales . - Ok A S .
{{(l':"lﬁl‘,:‘ Falls Al “Tusealoosa Muass.  Worcester ush. E\II‘L&;('IL‘:I m“"” BEHELS I’xli\m .\}(":'Ix‘mtnn s Punama City
Ytab Salt Luke Cly 8. Weat fuim Kiast Lansing “a. Beckley Tl o Sharon tha Hiagyvitie
4 oach <ansas City ? ‘Tex. g J o 4
W lq‘ a. u:mfg‘w‘ Ga. (‘ordele Kallspell : Appleton : Jes Molnes ex ?\‘I(|‘(lllllxl|||l|(a)lm la. S‘loux City
Wyo. Powell e AT 265 it Mhiveapoits Utak — Logan By Wihehaster
a. yubuque ornell S R - ¢ ¥ - -
La. Monroe Ogdensbursg Ark.  Little Rock N H.o Manchester a'us\l'lin :’::;‘l‘(‘e‘,ljelclnm RCIEpFonwood
252 Md.  Cumberland N ¢ Salisbury Callf.  San Jose '\. e Washington o Miss.  McC'omb
Conn.  New London Mieh. Muskegon 1’a. Johnstown Colo.  Colorado o Findlay 2 Mo, Poplar Bluft
Fla. cala Mo. Kansas City Philadelphla Springs N Warren 74 N.J. Treaton
Palin Beach Mont, Cireat Falls S, 1D, Vermililon Conn.  Bridgeport Ore.  Astorla Calf.  Fresno N. M. ‘Tucumcarl
., Tuseola Neb.  Norfoik Tex. Brownwood . ", Washlngton Losebury Santa Barbara  N. . 1igh Polnt
Ky.  tlopkinsville NJ M. Las Vegas Purls Ga.  Roume ll" Seranton Colo.  sterling Ohlo Mansteld
La. Shreveport N. Y. Watertown Va Petershurg n. Mt. Vernon ,I.'“""' Hristol . Macon Ore.  Medford
Mich. Bay Clty Ore.  Baker Wash. Centralia Ind. Hammond ex. Amarillo Ind.  Lafayette Pa. Harrisburg
Minn, St. Cloud Pa. Philadelphia W. Va. fluntington Ta. Des Moines v Cialveston Ia. Oottumwa 1. 1. Providence
Mo Kansas ity R. 1. Providence Wis Manitowoe Lu. Alexandria w““"l Provo stoux City 2. ( Anderson
\lont Helena 8¢, Columbla Me. Portland “.“‘“ . Wenatchee Ky. Lexington lex.  Kilgore
1tle ‘Tenn. Clarksviile 261 Minn, Minneapolis Is.  Raclne Mass.  Worcester . Yictorla
\ . Jacksonville T'ex. Corsleana Neb.  Grand Island Mich. Port Huron va. Charlottesville
Pa. ~ Phlladelphla va.  Rlchmond Ark.  Littie Rock N.Y. Watertown 270 Miss.  Macon Wash. Bellingham
State College Wash. Olympia Callf Loy Angeles N. . Henderson Natchesz Wis.  Foud du Lac
S. ¢, Columbia Wlis.  Sheboygan Monterey Ohlo.  Dayton Ark Junesboro Mo, Joplin
Tex Temple Colo.  Denver Okla.  Oklahoma City Callf. Fresno N. Y. Olean 279
Va.  Richmond 257 Conn.  Waterbury Ore Coos Bay Ga. Muacon N. €. Roanoke Raplds
Wash. Tacoma Ga. Athens Pa. Frie Idgho  1daho Falls Ohio Marion T Ark. El Dorado
Wi, Rhienetd Ark.  Little Rock N Carthage eTantn Vullace Ore.  Girants Pass Callf. Sacramento
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Ghapter 9— Designs for Antennas to Operate at 30 to 44, 72 to 76 and 152 to 162 Mc.

IE antennas deseribed herein are not

presented  as being radically new or
theoretically superior, Rather, an attempt
15 naude to catalogue and explain the ace-
tion of certain types of antennas which
have proved successful in actual serviee,
and are known to operate at high effi-
cieney. Further, the presentation is planned
in such a form as to be understandable to
those with a limited knowledge of mathe-
maties.

All too frequently, those who control
the appropriation of funds for communica-
tions systems are inclined to discount the
important  function performed by the
adio transmitting or receiving antenna.
However, the efficieney of an antenna can
mean the ditference between the ability or
failure of a radio system to span a point-
to-point distance, or to provide the re-
quired coverage over a given arca.

Many antenna designs are much casier
to construet on paper than to put into
actual practice. This may be due to diffi-
culty in matehing impedances, to the ne-
cessity for much-too-critical adjustments,
or bhecause the construetion is mechani-
cally unwieldy and will not withstand the
clements,

T'his text is written with the following
specifications in mind: The emergeney
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FIG. 1. SIMPLE VERTICAL HALF-WAVE DI-
POLE

serviees require antennas or arrays that
will provide high electrical efficieney and
the required radiation pattern, At the
same time, they must be simple, casy to
match and adjust, and of mechanical con-
struction that will withstand corrosion,

* Engineering Department, Link Ruadio Corpora-
tion, 125 W. 17th Street, New York City.

36

BY JAMES A. CRAIG™

o)

N :

HORIZONTAL DIPOLE

N

e
~—

- ~

VERTICAL DIPOLE

p

FI1G. 2. RADIATION PATTERNS OF VERTICAL
AND HORIZONTAL DIPOLE ANTENNAS

icing conditions, and high winds., An an
tenna that will not meet these specifica-
tions is unsuited for day-in and day-out
use, regardless of how well it performs on
paper.

Antennas for Circular Coverage * Where a fixed
station is required to transmit to mo-
bile units or to many scattered fixed
points, the vertical half-wave dipole, Fig.
1, might be considered the most desirable
antenna because of its simplicity. It s,
however, diflicult to mount. Since it is fed
al its center point, the transmission line
must be led away horizoutally for at least
a wave-length before descending to the
transmitter, because the proximity of the
line to the lower quarter-wave element
would interfere with its characteristies as
a dipole. Otherwise, it would not be a
dipole, for it could not be considered to be
operating in free space.

Horizontal half-wave dipoles can be used
only in special cases, since they are bi-
directional in the horizontal plane. Typi-
cal radiation patterns in the horizontal
plane for vertical and horizontal dipoles
are shown in Fig. 2,

Another point to be considered is the
choice between vertical and horizontal
polarization of the radiated waves, Tests
have shown that horizontal polarization
provides belter propagation character-
istics than vertical polarization over most

types of terrain. Iowever, the require-
ment that mobile antennas be vertical,
plus the fact that simple vertically polar-
1zed antennas are non-directional, dictates
the choice of vertical polarization when
communication with mobile wnits is in-
volved.

If the lower half of a vertical half-wave
dipole could simply be eliminated, there
would remain nothing more than a quar-
ter-wave whip antenna such as is used on
mobile units, The difliculty here is that
whereas the whip on a mobile unit has the
body of the vehicle Lo work against as an
RFE ground or counterpoise, that condition
does not prevail at the top of a fixed
transmilting tower. 'The whip would then
act as if it were floating, as far as an RF
ground is concerned, and would not pro-
vide proper termination for the transmis-
sion line,

This can be overconte to a limited de-
gree if some kind of counterpoise system
of horizontal whips is used, as shown in
Fig. 8. This antenna is popularly referred
Lo as the  Whirling Joe” or ground-plane
antenna.

A still better approach to the problem
of mounting a half-wave vertical dipole
wotld be to lead the transmission line, or
coaxial cable, up inside the center of the

\ CHORIZONTAL
4 90° ELEMENTS
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~J
[ [+ 2
e
.
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STRUCTURE

I
CONCENT!
[ 4] :Emc

FIG. 3. THE GROUND-PLANE ANTENNA

lower half of the dipole. This is accom-
plished in the forin of the half-wave
coaxial or concentric antenna. llere the
upper half of the dipole is called the whip,
and the lower hall is called the skirt. Ref-
crence to Mg, 4+ shows that all elements
have a common vertical axis, henee, the
name “coaxial antenna.” The support
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tube contains the transmission line, and is
cleetrically common with the outer con-
ductor of the line, both being at ground
potential. The inner conductor of the
coaxial line feeds the whip, which is insu-
lated from the upper end of the support
tube. The skirt, while directly connected
to the top of the support, is insulated from
it below this point by insulating rings
which also keep it concentric with the
support.

A coaxial antenna can be shunt-fed also.
Then the whip is common electrically with

| .
| |
| o S
§ wHIP
s -
! X% |
- !
o
& [ |
a
|
|
\
INSULATING
HEADER |
|
GAS PRESSURE
H SEALING GASKET
METAL
| HEADER
'y
|
SKIRT
SKIRT
w INSULATING
z NG
3
i
*
o
[ 4
a
a
«
1 allle,
| iron
| | all| SKIRT
I s —INSULATING
|| | | RING
-
(12°MIN.BETWEEN |
[SKIRT & METAL f
| supPORT 1 I SUPPORTING
i TUBE
9
2z I
£2 !
Zr
38
39 h
L] CONCENTRIC
I [; TRANSMIT TER
LINE
- — _
FIG. 4. SERIES-FED COAXIAL ANTENNA.

THIS IS THE TYPE NOW MOST WIDELY USED

the support tube. Here the skirt is also
grounded at its upper end as in the case of
the series-fed coaxial antenna. To feed the
antenna, it is necessary to take the center
conductor of the transmission line throngh
the support tube and connect it to the
skirt at an impedance-matching  point
some distance down from its upper end.
as in Fig. 5. Numerous reports from radio
men in the field attest to the fact that the
correet location of this impedance point is
rather difficult to determine, and that
further adjustments may be required after
installation to obtain maximum output.
About the only advantage that can be
claimed for this arrangement is that the
highest element, the whip, as well as the
skirt, are at ground potential with respeet
to DC. It must be admitted that this fact
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provides a eertain protection in case of a
lightning strike.

Sxperience with several thousand series-
fed coaxial antennas shows that lightning
usually caused no structural damage to
the antenna, but in the case of a heavy
stroke, the coaxial transmission line suf-
fers an arc-over or puncture within 6 or 8
ft. of the antenna header. Reports from
the field show that the same thing occurs
with shunt-fed coaxials, as would be ex-
peeted, Our records show only three or
four series-fed coaxial antennas that have
sustained structural damage to the whip
or the insulating header assembly. In these
ases, the available evidence has lead to
the assumption that the antennas were
subjected to particularly heavy and direet
lightning discharges. With either series-
fed or shunt-fed antennas, the usual dam-
age is to the line alone, necessitating its
replacement.

Thus it would seem that any advantage
of the shunt-fed coaxial over the series-
fed, as far as lightning is concerned, is
more theoretical than practical.

It is felt, therefore, that the series-fed
coaxial antenna, as shown in Fig. 4, pro-
vides the ideal antenna for a fixed location
for this type of service and coverage. It is
a relatively simple structure, and can be
built strongly of lightweight aluminum al-
loys. Sueh an antenna, cut for an operat-
ing frequency of 30 me., weighs less than
10 1bs., including the support tube.

The vertical radiation pattern of a coax-
1al half-wave dipole antenna is shown in
Fig. 11. it should be noted that this pat-
tern is produced in all horizontal direc-
tions and can be compared to a doughnut
flattened on the bottom and resting on a
table, with a toothpick, representing the
antenna, in the center of the hole.

The most critical portion of a coaxial
antenna is the length of the skirt. If it is
not cut correetly for the operating fre-
quency, the performance of the antenna
may be impaired seriously. lHowever, this
exact length can be computed readily.
Then the skirt length can be cut with the
knowledge that the antenna will perform
at peak efficiency, and will require no
further adjustments after installation.

On a typical coaxial antenna fabricated
of aluminum, it has been found that with
30-or 52-ohm transmission line, the proper
active or etfective skirt length is slightly
under 989 of an electrical quarter-wave
at the operating frequency. The effective
skirt length is that distance measured
from the bottom of the metallic skirt-
supporting header to the bottom of the
skirt tube. Stated another way, it is the
length of the air column enclosed between
the skirt and the support tube. This is
made clear in Fig, 4.

The reason for accurate skirt length
adjustment stenis from the fact that the
skirt, in conjunction with the whip, pro-
vides the proper termination for the trans-
mission line. In order for an antenna to
radiate most efficiently, it must be capable

- formerly FM Rapvio-ELEcTRONICS

of utilizing, as radiation, the maximnm
amount of the power delivered to it by the
transmission line. This occurs when the
impedance of the antenna, at its feed
point, is equal to the characteristic or
surge impedance of the transmission line.
If the skirt length is not the proper value,
the impedance presented by the antenna
is not the characteristic impedance of the
line. Consequently, some energy is not
utilized by the antenna as radiation, but
1s reflected back down the line.

The skirt performs two important func-
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FIG. 5. SHUNT-FED TYPE OF COAXIAL,
VERTICALLY POLARIZED ANTENNA

tions. The first is as a resonating stub to
keep standing waves off the outside of the
transmission line or the antenna support.
This would destroy the desirable low-
angle radiation pattern of the coaxial an-
tenna as a half-wave dipole. In this man-
ner, the skirt acts with the support tube
as a metallie " insulator™ to choke out the
cleetrical continuity of the support pipe
and antenna. Second, it is part of the half-
wave dipole and, as such, mmst be a cor-
reet pereentage of a quarter-wave. From
the standpoint of its second function, the
length of the skirt is less critical but, as a
resonating stub, it is necessary to hold its
length to a close tolerance.

Fig. 6 shows what is meant by standing
waves on a line, and also how voltage and
current are distributed along the antenna
elements. This illustration also shows the
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“ A EVERYTHING NEW FOR FM —

for NEW operating economy....

NEW RCA POLYDIRECTIONAL MICROPHONE

(Type 77D)—The polydirectional feature sound reflections can be quickly eliminated
helps you obtain better balance, clarity, natu- merely by switching to the proper pattern. A
ralness, and selectivity in studio pickups. three-position, VOICE-MUSIC switch per- 'l

R A

e .

By means of a screw adjustment at the back ~mits the selection of the best operating
e phone a variety of non-directional, characteristic. ‘
1d bi-directional character- This lightweight, multi-purpose micro-

oduced. Undesired phone is finished in two-tone umber grey.

NEW RCA TRANSMITTERS

RCA'’s line of FM transmitters (250 watt, 1, 3,
10, 25, and 50 kw) are completely new from
exciter to power amplifiers—new circuits,
new tubes, and a new type of construction.

standardized thus assuring uniformity of di-
mensions, appearance, and casing installation
problems. When increased power is desired,
you merely add an amplifier. Appearance is
equal to that of a single unit. Curved-end
pieces add to the finished appearance.

l The frames of all power sizes have been

A new, hollow base frame provides space
for inter-unit wiring, and eliminates the need
of wiring through units or conduits in the floor.

Air filters, flush-mounted centralized control
panels,and concealed hinges are other features
of the new RCA construction—standardized
to assure you a better product at lower cost.

The new RCA Grounded-Grid amplifier circuits are
at once simpler and more stable than any heretofore
employed. As the name indicates, the grid of the tube
is at r-f ground potential (instead of the filament as in
conventional transmitters). The drive is applied be-
tween cathode and ground, either c¢lement being at
the necessary d-c bias potential.

Special tubes have been developed for these circuits.
Neutralization is ecither unnecessary, depending on
frequency, or, if nccessary, very easily achieved.

Other advantages: casier tuning, fewer tube types
to stock, smaller, less-expensive tubes, lower operat-
ing costs, less distortion, and better program quality.

RCA’s new “Direct FM"” circuit for the exciter is
something entirely different, too.



—from MICROPHONE to ANTENNA

NEW convenience, and NEW performance ~4

THE NEW RCA equipment shown
here is merely indicative of the ad-
vances that have been made by RCA in
FM broadcast equipment. Similar im-
provements have been made on every
item that goes into a completed broad-
cast station, including test and measur-
ing equipment, monitoring assemblies,
turntables, and recorders.

The resumption of broadcast-equip-
ment construction, after wartime restric-
tions, offered us a unique opportunity to
design an entirely new line—integrated
in every detail. The various units incor-

porate all the latest FM improvements
that have grown out of RCA’s advanced
war work on communications equip-
ment for the armed forces.

If you are planning to build a new
FM station, we believe that “RCA all
the way” will help you to make it a
better station. You will be assured of
the same efficiency, convenience, oper-
ating economy, and performance that
have made RCA’s AM equipment th
undisputed first choice of broa
stations for the past decade. Rad
poration of America, Camde

NEW RCA CONSOLETTE

(Type 76-B2)—Provides a complete high-fidelity audio
system for FM, AM, and television at a price even the
smallest station can afford.

Compact (39 by 17 by 10% inches), it includes all the
amplifying control and monitoring equipment needed to
handle two studios, an announcement and a control-
room microphone, two turntables, and six remote lines.

It enables simultaneous auditioning and broadcasting
from any combination of the studios, turntables, or re-
mote lines. The talk-back system is independent of pro-
gram channel—no feed-back. Emergency amplifier and
power supply circuits help prevent time off the air.

Differs from two previous RCA models now giving sat-
isfactory service in more than 300 stations primarily in
its frequency response—now extended to 15,000 cycles.

A4
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RCA SUPER TURNSTILE ANTENNA

The advantages of this antenna make up an impressive
list. A few include: high-gain, permits the use of a lower
transmitter power for a given coverage, full performance
atany frequency from 88 to 108 mc, handles up to 20 kw,
easy to install, wide band, pretuned at factory, no field ad-
justments whatever, a standardized low-cost “packaged™
item —comes complete, de-icer units easily added, fewer
end seals, entire structure can be grounded.

In addition, it has the usual advantages of any turnstile
antenna: an inherently circular field pattern, low wind
resistance, and simple, inexpensive, single-pole mounting.

The antenna, because of its relatively high gain and
extended band width, isalso ideal for television. Naturally,
since it is of the turnstile type, both sound and picture
transmitters can be fed into the same antenna.

FM BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DIVISION, CAMDEN, N.J.



effects of mismatched antenna clements,

In determining the correct values for

the lengths of antenna sections, or cle-
ments, the presence of standing waves can
be detected and their magnitude measured
by means of a serics of small holes drilled
in the outer conductor of the transmission
line. The probe of a vacuum tube volt-
meter can be inserted and voltage readings
taken along the line over at least a quarter-
wavelength. A perfect line, perfectly ter-
minated, would show the same voltage
along its entire length, indicating that no
standing waves were present. Then there
would be no reflected energy and no power
loss in the line other than that due to
normal attennation. In practice, it is pos-
sible to hold the ratio of maximum to
minimum  standing-wave voltage to a
‘alue of 1.1 with the series-fed couxial
antenna as described previously. ‘This rep-
resents a power loss, due to reflections, of
less than 1. A relatively slight increase
or decrease in skirt length from the proper
value has a marked effect on the standing
wave ratio as shown in Fig. 7.

For the same typical aluminum coaxial
antenna mentioned above, the length of
the whip has been found to be about 959
of a quarter-wave. This value includes the
whip proper and that portion contained
within the insulating header. In other
words, it is that length from the point
where the eenter conductor of the coaxial
line merges from its sheath to the upper
end of the whip. The length is not eritical,
as Fig. 8 shows. While the length of the
whip has a definite effect on the perform-
ance of the antenna, it can be seen that a
variation from 929, to 989, of a quarter-
wavelength has very little significant effect
on the performance.

The values for skirt and whip lengths
given above are for 52-ohm transmission
line. If 72-ohm line is used, the skirt length
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FIG. 6. EFFECTS OF CORRECT AND INCOR-
RECT ANTENNA TERMINATIONS

should be almost 99% of a quarter-wave,
and the whip, about 949, of a guarter-
wave. For this typical antenna, as manu-
factured commercially, the values used
are 98% of a quarter-wave for the skirt
and 949% for the whip. The antenna can
then be fed by 52- or 72-0hm coaxial trans-
mission line, and the standing-wave ratio

in either case would not exceed 1.25, rep-
resenting a power loss due to reflections of
not over 39,.

Aetually, the optimum lengths of the
skirt and whip for any given coaxial an-
tenna will depend upon the material from
which the elements are fabricated, the
type and number of insulating rings inside
the skirt, end effects of the skirt, and the
ratio of the diameters of the support tube
and the skirt tubing.

Colinear Coaxial Antennas * An adaptation or
extension of the coaxial antenna is known
as the colinear coarial antenna. Fig. 9
shows an exterior view of this antenna
and the placement of the elements. In
some variations of these antennas, the
lower skirt element is not dniven or fed
any power. Parasitic excitation of this cle-
ment is questionable, since the additional
skirt is not within the main radiation pat-
tern of the series-fed coaxial antenna
located above it.

In comparison with a propetly matched
coaxial antenna, tests have shown that
any gain in radiated signal strength was
barely measurable, and so small as to be
within the limits of observational error.
Furthermore, with the length of this
auxiliary skirt and its distance from the
upper skirt at their optimum 'values, the
antenna performed only as well as a sim-
ple, properly-matched coaxial antenna.
But if the length of the auxiliary skirt, or
its distance from the upper skirt, or both.
were varied from their optimum values,
the colinear coaxial antenna performance
dropped below that of a standard series-
fed coaxial antenna.

Actually, colinear antennas |are not by
any means a new development. Fig. 10
shows a conventional colinear gantenna. It
should be noted that such an antenna can
be constructed of wires or metal rods as
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clements whicl are not necessarily coax-
ial. The theory behind this antenna array
is sound, provided all elenients arve driven.
The number of half-wave elements is not
limited to two, and more can be used, up
to practical limits.

Tests on a newly-designed series-fed
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FIG. 9. NO POWER IS FED TO THE LOWER
SKIRT OF THIS COLINEAR COAXIAL

colinear coaxial antenna, with all clements
driven, indicate that a greatly improved
signal can be radiated as compared with
the standard series-fed coaxial. The de-
sign is extremely simple and workable for
the 132- to 162-mec. band, and should
prove highly advantageous.

As mentioned previously, a properly
terminated coaxial antenna radiates al-
most 1009, of the power delivered to it.
The improvement in signal strength with
a eolinear coaxial, when all elentents are
driven, results from a lowered angle of
radiation in the vertical plane and a com-
pressed radiation pattern, as shown in
Fig. 11. In any horizontal plane, the area
included within the radiation pattern
boundaries 1s an expression of the power
radiated by the antenna in that plane. It
is scen that if the vertical pattern is nar-
rowed, the radial eoverage is increased.
This provides greater eoverage for the
same antenna input power.

In the 30- to 42-me. band, the overall
length of the colinear coaxial would be as
much as 33 ft., excluding support tube.

This would be an unwicldy structure,
However, in the 152- to 162-me. band, the
length drops to less than 8 ft., and makes
possible a mechanically sound structure.

Directional Arrays * In order to utilize an-
tenna input power most effectively for
conununication between two fixed points,
a beamed signal is desirable. Power radi-
ated to other points serves no useful pur-
pose. Directional antenna arrays can be
used to boost the signal in any direction
desired. This means that adequate signal
strength can be delivered at a distant
point with less transmitter power than
would be required with a non-directional
anteuna. Another advantage is that the
signal is not broadcast into arcas where it
might interfere with other services using
the same or adjacent channels.

One of the oldest forms of directive an-
tennas is the rhombic or diamond type. It
is capable of substantial gain but, wnfor-
tunately, requires considerable space. Fig.
12 shows a full rhombie antenna.

Cither vertical or horizontal polariza-
tion can be used for point-to-point trans-
mission. That i1s because, at fixed loea-
tions, the receiving array can be made to
match the polarization of the transmitting
antenna. Although horizontally polarized
waves generally travel over most types of
terrain with less attenuation than those
vertically polarized, a more important
consideration is the structural advantage
offered by one method of polarization over
the other.

While a rhombic antenna can be ar-
ranged cither horizontally or vertically, a
vertical half-rhombic or inverted V an-
tenna, Fig. 13, usually preseuts the least
nmiechanical problems. The angle of tilt,
designated A, is so chosen that the main
radiation lobes 1 and 2 are horizontal.
Lobes 3 and 4 then cancel each other and
lobes 1 and 2 reinforee each other. The
terminating resistor is used to eliminate
the back radiation indicated by dotted
lines. With this resistance omitted, the ar-
ray would be bidirectional, showing about

To realize the gain of whieh the rhombie
is capable, L should be at least 3 times the
wavelength, However, as L is increased,
the gain inereases but the beam becones
more narrow, In fact, at 6 times the wave-
length, the beam is so highly concentrated
that the orientation of the array for maxi-
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FIG. 10. SERIES-FED COLINEAR COAXIAL IS
ADVANTAGEOUS AT 152 TO 162 MC.
mum signal at the receiving site becomes
very critical, and must be_done with great
are. A gain of 8 to 10 db ean belrealized
with a properly m)nstructe<l:rhombi(:_hav-
ing a leg length L. equal to 6 wavelengths.
This means a power gain of about 8 to 1
as compared to a standard half-wave

dipole.
The trigonometric computation of the
angles aud sides of this array is beyond the

|

COLINEAR COAXIAL ANTENNA WITH ALL ELEMENTS DRIVEN
STANDARD COAXIAL ANTENNA

FIG. 11. LOWER ANGLE OF RADIATION GIVES COLINEAR COAXIAL GREATER RANGE

the same gain forward and backward. The
angle of tilt may be adjusted by varying
the height H or the length of the legs [..

The leg length is not eritical, and can be
3 or more multiples of a wavelength at
the operating frequency, While the an-
tenna gain is increased with greater height,
it is more dependent upon the leg length.
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scope of this text. However, the following
relations will produce rhombics that are
efficient and will give very satisfactory
performance.

Referring to Fig. 13, the proper tilt
angle A is approximately 66°, and will be
obtained if L is made 2.25 times the
height IL. Thus, if the operating frequency
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1s 30 me., and available space permitted a
leg length equal to 5 wavelengths, L. can
be found as follows:
300,000 X 3.28
30,000 ke.

5l =5 X 328 ft. = 1640 fL,

= 328 {t. = L,

= 73 ft.
005 f

Y4

At the same frequeney, with legs equal
to 3 wavelengths, 3L would equal 98
ft. and H equal 43.5 ft. figuring as above,

At 50 me. with Lequal to 5 wavelengths,
11 becomes 4315 ft. and at 3 wavelengths
for L, I becomes only 26 feet. It is seen
that, beyond about 50 me., the value of I
becomes so small that the effective height
of the antenna is seriously cut down. This
ean be overcome at higher frequencies by
going to a full rhombic antenna. As shown
in Fig. 12, a single pole can be used to sup-
port this array without complicating the
mechanical problems to any appreciable
degree.

Here the distance B ean be made 2 times
H as computed above, and the same
method used to figure the array. As a
typical example, at 75 me. with legs equal
to 5 wavelengths:

300,000 X 3.28

75,000 ke,

5l =5 X 13.08 = 65.4 ft.

B = ol 2 % 654

225

L = 13.08 ft. = L

- 58.2 ft.

The full rhombic should be as high
above the ground as possible, consistent
with the space available for the end guys.

With the hali-rhombie, it is necessary
to employ a counterpoise system. This can
be simply a wire on or just helow the
ground, dircetly under the antenna, One
end is connected to the terminating re-
sistor and the other end is conneeted to
the second conductor ol the transmission
line. As an alternative, a section of metal
screening or simply two wires, one at
right angles to, and the other parallel with
the antenna can be located on the ground
under each end of the array. If the two
crossed wires are used, they should be
crossed at their mid-points. This point or
the center of the sereening should then be
connected to the transmission line shield
at onc end of the antenna and to the ter-
minating resistor at the other end of the
antenna. If a full rhombic is used, no
counterpoise is necessary.

With either the half or full rhombic the
following considerations apply equally:
The supporting mast must not be of metal.
A wood pole, tubular plywood mast, or
other non-metallic construction must he
used. The mast can be guyed with wires,
provided they are approximately at right
angles to the direction of transmission.
The terminating resistor should have a
value of between 500 and 800 ohms. This
is not critical, It should also be non-indue-
tive, and must have a wattage rating ca-
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pable of safely dissipating one-half of the
transmitter output power, since its fune-
tion is to eliminate the rear half of the
radiation pattern.

Both rhombies exhibit the same charac-
teristies of gain and  directivity when
used for receiving as well as for Lransmit-
ting. The end guys used with the full
rhombie, Fig. 12, can be metal without
affecting the radiation pattern.

The input impedance of either the half-
or full-rhombie at its feed point is about
600 ohms. If fed by a low impedance co-
axial line, a serious mismateh would re-
sult. This ean he overcome by the use of
an impedanee matching transformer, Fig.
H. 1t is properly adjusted when the load-
ing of the transmitter is unatfected by sub-

In the majority of cases, these arrays
can be so designed as to lend themselves
readily to mounting on towers or pipe
masts. They should be all metal for dura-
bility, preferably designed for single-point
mounting, and should be self-supporting
with no external braces.

Returning to Fig. 15, it is seen that the
central portion is a half-wave dipole. It is
usually fed by a coaxial transmission line
with one quarter-wave element insulated
from the central support and fed by the
inner conductor of the line. The other
quarter-wave element is grounded to the
outer shield of the line and to the support-
ing structure. Minus the directors and
reflectors, it has a radiation pattern as
shown in Fig. 2.
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FIG. 12. FULL RHOMBIC 1S FOR HIGHLY DIRECTIONAL TRANSMISSION OR RECEPTION

stituting for the rhombie antenna and im-
pedance-matehing transformer a dummy
antenna having a resistance equal to the
surge impedance of the transmission line.
At this adjustment, the antenna current in
cither leg will also be at maximum.

If, in the case of a full rhombic antenna.
it is desired to locate the impedance trans-
former at or near the ground, an open-
wire 600-ohm line can be run from this
point to the input end of the antenna.
Such a line consists of two lengths of No.
12 wire, as might be used in the antenna,
spaced 6 ins. apart by means of waxed
wood, Lueite, or porcelain spreaders lo-
cated every 2 fL. or so along the length of
the line.

Parasitic Directive Arrays * Where space is not
available for a rhombic antemna, or where
a compact array is desired, a half-wave
dipole with parasitic directors and reflec-
tors can be used. Fig, 15 shows a hori-
zontal dipole array.

These arrays present something of a
structural problem in the 30- to #4-me.
band. Fortunately, while arrays for those
frequencics have been built and are giving
satisfactory service, most cmergency serv-
ice point-to-point work will he done on
72 to 76 and 152 to 162 me.

When tuned elements sueh as the diree-
tors and reflectors are added, they are
located direetly in the radiation field of
the driven dipole. The metal support arms
for these elements have no effect on the
radiation pattern cither with or without
the director and reflector. The supports,
directors, and reflectors are all grounded
to the hub assembly and to the mast
strueture, and are therefore at DC ground
potential. .\ horizontal radiation pattern
of such an array is shown in Fig. 16.

The function of the directors and re-
flectors is to absorb RF energy from the
field of the driven dipole and to re-radiate
it. By varving the lengths of these ele-
ments, or by varying their distance from
the driven dipole, the re-radiated energy
can be caused to reinforee the stgnal in the
desired direction, and cancel it in the
opposite direction,

Referring to Fig. 13, it is seen that the
reflector is located slightly less than 14-
wavelength to the rear, and that the di-
rector is slightly less than 1z-wavelength
ahead of the driven dipole.

Since both are directly in the path of the
waves emanating from the driven dipole,
cach wave cuts across these clements. In
doing so, a voltage is induced in the ele-
ment which is opposite in phase to the in-
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dueing voltage. Due to this voltage, the re-
radiated wave from the director contains
up to about 839 of the energy radiated to
it by the driven dipole.

Considering the reflector only, the idea
is to time this re-radiated wave so that,
when it returns to the driven dipole, it is
exactly in phase with the next wave being
radiated by the driven dipole. Since the
induced voltage in the reflector is 180° out
of phase with the inducing field at the re-
flector, it is seen that about 907 in time are
used for travelling to the reflector, 180 in
time are added due to the reversal of phase
at the reflector, and about another 907 are
used in travelling from the reflector to the
driven dipole, Thus the re-radiated energy
from the reflector has undergone a 360°

ing directivity, but the addition of a direc-
tor will provide additional gain in the
desired direction by causing the beam to
become narrower in the horizontal plane.
More than one director can be used. cach
spaced about a quarter-wave ahead of the
other. When one reflector and two diree-
tors are used, the result is the familiar
Yagi array.

In the ease of the director, a leading
component of current must be introduced
in order to preserve the phasing of the
radiated and re-radiated fields, and to
provide maximum reinforcement in the
desired direetion. This is accomplished by
making the director elements less than
a quarter-wavelength long. This causes
them to have capacitive reactance.
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change of phase by the time it returns to
the driven dipole. Thus, it is in phase with
the next wave radiated from the driven
dipole. The net resnlt is that two waves
are involved. so timed in space that they
tend to cancel at the reflector and become
additive at the driven dipole. Therefore,
the cirenlar pattern of the dipole alone is
altered, and is built up in the direction
from the reflector toward the driven di-
pole, and reduced in the opposite direction.

Since the spacing between the parasitic
clements and the driven dipole is slightly
less than 14 wavelength, it becomes neces-
sary to produce a lag at the reflector in
order to obtain the 360° phase relationship
of the two fields. This can be accomplished
with reflector elements slightly  longer
than an eleetrical quarter-wave. This
makes the reflector look inductive, and
introduces a lagging component of current
in the element. By adjusting the length ot
the reflector element, an optimum value
is obtained where the phasing of the radi-
ated and re-radiated fields provides the
maximum front-to-back ratio. This is the
ratio of the radiated energy in the desived
direction to the energy radiated in the
opposite direction.

In an array as illustrated in Fig, 15, the
reflector does most of the work of provid-
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F1G. 13. THE HALF-RHOMBIC IS PREFERRED WHERE AVAILABLE SPACE IS LIMITED

While cach added parasitic element in-
creases the power gain in the desired diree-
tion, cach one also takes away from the
mechanical strength  of  the structure,
Here again the choice must be reckoned in
terms of power gain versus inereased
windage and ice loading on the structure,
The array shown in Fig. 15 is capable of
a 2.5 to | power gain and a front-to-back
ratio of better than 4.5 to 1. This will be
found adequate for most installations.
["nder conditions where more gain is neces-
sary, additional parasitic elements may be
required. In that case. more can be accom-
plished by additional directors located in
the area of intensified field strength than
by added reflectors in the area where the
ficld strength has been purposely reduced.

While the following figures will be af-
feeted slightly by the type of construe-
tion, typical values for the lengths of hori-
zontal dipole elements in terms of pereent
of a quarter-wave, are: Insulated driven
dipole element. 93.5%: grounded dipole
clement, 93.5%:; parasitic reflector and
director spacing from driven dipole, 899:
reflector elements, 969 divector elements,
889,

In an array consisting of a driven dipole
with 1 director and 1 reflector with quar-
ter-wave spacing, it should be noted that
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the impedance presented to the transmis-
sion line will remain close to the value
presented by a single half-wave center-fed
dipole. This value will be in the neighbor-
hood of 70 olims.

It is possible to construet this same ar-
ray with as little as 0.1- to 0.15-wave
spacing between the driven dipole and the
director and reflector. It will be found that
the impedance presented by the array to
the transmission line will have dropped to
less than 20 ohms, which becomes a seri-
ous impedance mismatch. If the array
were to be fed by eommercial 50- or 70-
ohm concentrie eable, the loss due to mis-
match and consequent standing waves on
the line might more than offset any possi-
ble gain attributed to the array.

The array shown in Fig. 15 provides a
beam having horizontal polarization. A
typical horizontal radiation pattern for
such an array is given in Fig. 16.

If the array were rotated 90°, using the
parasitie support arms as an axis, it would
then radiate a vertically polarized wave.
Such an array is readily built about a co-
axial antenma such as shown in Fig. 4. In
fact, quite a number of these arrays are in
use and give highly satisfactory perform-
ance. .\ vertical array based on a ecentral
coaxial antenna is shown in Fig, 17. Tt
will be secnr that the parasitic support
arms are carried by a huby which is fitted
around the metal skirt-supporting header
of the coaxial antenna.

The gain and front-to-back ratio of this
array compares very closely with that of
the horizontal array shown in Fig. 16,

Typieal figures for the vertical coaxial
array are presented in terms of percent of
a quarter-wavelength as follows: Whip
length, 949,; skirt length, 98%: spacing
from coaxial antenna to director and to
reflector, 1009 reflector elements, 1039
director elements, 849,

Both the vertical and horizontal arrays
deseribed must have the various lengths
and spacings of the clements accurately
fixed for optimum performance, but from
another standpoint they allow a surpris-
ing amount of latitude. A certain amount
of droop or sag in the support arms can
be tolerated without serious effeet on their
performance of the array. Also, in both
arrays, the director, reflector and driven
dipole should all be parallel to the same
plane, Yet, misalignment, so that the cle-
ments are crisserossed when viewed in the
direction of transmission, up to almost as
much as 30° has little practical effect on
the characteri