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For years, Chicago Transformer has met with outstanding success the
varying requirements of the electronies industry for top-quality, custom-
built transformers and reactors. Today, C.T. is augmenting this service
to the industry with a new catalog line of units, to be manufactured on
a standard design basis.

Now, small-quantity purchasers of transformers in the various fields of
clectronies—broadcast, communications, experimental, amateur, public
address, and industrial control—ecan acquire for their equipment the
advantages of progressive, practical C.T. engineering.

Now, large-scale manufacturers of ¢lectronic equipment who are in a
’ £

position to utilize standard components can find in C.T.’s new catalog
the transformer ratings and constructions that will fit their latest designs.

Characteristics of this new line are as up-to-date as tomorrow’s laboratory
project. Ratings have been skillfully selected, by men who know the
trends in cireuit design, to achieve maximum flexibility of application,
close matching with today’s preferred types of tubes, and conformance
with RMA and FCC standards.

Modern, too, is the type of mounting used. Drawn steel cases and three
variations of Chicago Transformer’s famous Sealed in Steel construction
will offer the combined advantages of “steel wall” protection against
moisture and corrosion, eflicient magnetic shielding, vibration-proof
mechanical strength, compactness, and a streamlined appearance that
spells “eye appeal” in finished equipment,

For further details, write for catalog
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7/

REACTORS

l

THE POWER LINE
Plate and Filament Supply Transformers with
high voltage secondaries for both capacitor-
input and reactor-input systems, and with corre~
sponding filament supplies.

Plate Transformers for use in low to medium
high power transmitters.

Filter Reactors accurately matched with the Plate
and Filament Supply and Plate Transformers
above.

Filament Transformers for supplying the fila-
ments of today’s most widely used tubes.

Bias Transformers —combination plate and fila-
ment supply,

Step-Down Transformers for operating radios
and appliances on 220 volts, 50/60 cycles, in
the export trade.

THE AUDIO LINE
Full-Frequency Range, 30 to 15,000 Cycles, pro-
vides uniform response over this entire band
with =+ Y2 db up to 10 watts of audio power,
within = 1 db over 10 watts. Standard RMA
impedances. Included are Input, Output, Driver,
and Modulation Transformers; Modulation Re-
actors.

Public Address Range, 50 to 10,000 Cycles, fre-
quency response within =+ 1, db up to 10 watts
of power, within + 1 db over 10 watts, through-
out this range. Secondary impedances match 600
and 150-ohm lines, 16, 8, and 4-ohm reproduc-
ing systems. Listed are Driver and Output Trans-
formers.

Commercial Range, 200 to 3,500 Cycles, affords
response with variations not exceeding + 1 db
over the range of voice frequencies. For use with
600 or 150-ohm lines. input, Output, Driver, and
Modulation Transformers offered.




TML Transmitting Condenser

The TML condenser is a 1 KW job throughout.
Special Steatite insulators prevent flashovers. Thick
capacitor plates provide high voltage ratings.
Sturdy cost oluminum end frames and drual tie
bars permit an vnusvally rigid structure. Precision
end bearings Insure smooth turning and permanent
alignment of the rotor. End frames are arranged
for panel, chassis or stand-off mountings.

Net price. From $11.50 to $24.60

TMK Transmitting Condenser

The TMK is a condenser for
exciters and low power trans-
mitters. Special provision has
been made for mounting AR-
16 Coils in a swivel plug-in
mount on either top or rear.
Steatite insulation. For panel
or stand-off mountings.

Net price From $2.30
To $5.11%

The XOA Socket for Miniature Button 7-pin base tubes is made of low-
loss mica-filled bakelite. It mounts with two 4-40 screws. Terminals for
the Type XOA extend axially from the socket. Type XOR is identical to
Type XOA, but has terminals extending radially. Axial or rodial con-
tacts can be used in the same socket base.

The XOS tube shield is a two piece
shield for Miniature Button 7-pin base
tubes. It mounts with the XOA or XOR
socket and is available in three sizes,
XOS-1 (for 1-3/16" tube body), XOS-2
(for 1Y4” tube body), and XOS-3 {for
2" tube body).

X0S-1 Shield........Net price......$ .48
XOS-2 Shield........Net price......$ .48
XOS-3 Shield........Net price.....$ .48

OF LIFETIME

MAKERS

JUALITY

IS THE ONLY BARGAIN

IN RADIO PARTS

If you're building fine apparatus,
National parts will help to deliver
the kind of performance your equip-
ment must have to sell successfully in

today's competitive market.

That's why National parts are a fine
investment. They may cost a litlle

more — but in return you get quality

materials, careful workmanship and

long-life.

Send today for your copy of the new
1947 National catalog, containing

over 600 parts.

MNational

Company, Inc.
Malden, Mass.

EST 1914

Please write to Department 14
National Company, for further informatian,
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The BEST method of modulating. ..

COMPLETE TKW OR 3KW
TRANSMITTER

Transmitter of either power includes ex-
citer unit in left compartment and ampli-
fier in right.

Devoled lo Research and u///anaﬂw/uu'ry
1o the PBroadeasling Indesloy

Industrial and Commercial Electronic Equipment, Broadcast Equipment,

Radio engineers agree that the best method of Mod-
ulating is Phase Shift. Investigate FM by Raytheon
and you’ll agree that the new simplified circuiting,
inherent stability, and many important improvements
engineered into Raytheon equipment render older,
more complicated circuits obsolete. Note the advan-
tages offered by Raytheon FM. For detailed infor-
mation, write for Bulletin DL-R-406-546.

EXCLUSIVE, GREATLY SIMPLIFIED CIRCUIT pro-
vides greater stability and efficiency.

DIRECT CRYSTAL CONTROL of mean carrier fre-
quency provides inherent stability, Simple linear
type tank circuits for all stages in FM band — cannot
get out of tune or adjustment.

CIRCUITS COMPLETELY SHIELDED to eliminate ra-
diation, interaction and parasitic oscillation,

INCREASED POWER readily attained, by addition of
another unit. All units matched in size, styling, colors.

CONVENIENT CUBICLE SIZES of units facilitate
moving through doorways and installing,

LOW FIRST COST and low operating costs ...
achieved by greater operating efficiency, low power
consumption and long life tubes and components,

Eacetlornce rre Eteclioriees

RAYTHEON MANUFACTURING COMPANY

COMMERCIAL PRODUCTS DIVISION
WALTHAM 54, MASSACHUSETTS

Tubes and Accessories

Sales offices: Boston, Chattanooga, Chicago,
Dallas, Los Angeles, New York, Seattle
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THIS MONTH'S COVER

Air freight costs more, but it has
the advantage of speed in han-
dling perishables, and getting
goods to market fast. What the
Missouri Pacific Railroad is doing
to meet that comgetition is told
by Ray Maxwell in an article
that starts on page 35. From it,
you’ll get another slant on the |
value of M communications to
the railroads.

This month’s cover shows a 162- |
mec. locomotive antenna that is
used by the M-P for radio con-
versation between the engine and
caboose on long, red ball freights. )
The equipment is supplied by

PARA-FLUX
REPRODUCER

with INTERCHANGEABLE HEADS

Universal . . . Lateral Only . .. Vertical Only

All three types are interchangeable
with only one Model A-16 ARM and
new Model EL-2 EQUALIZER. Each
head can be removed and replaced
quickly by simple plug connection.

AVAILABLE
IMMEDIATELY

Reproducer arm is of die-cast alu-
minum; sturdily built. Swings by

means of unique friction-free bear-
ings that minimize side-of-groove wear, and requires no
oiling, cleaning nor adjusting. Convenient finger lift
prevents slipping.

Model EL-2 Equalizer is effective with all three of the
PARA-FLUX heads. All possess the same impedance
matching to the Equalizer. High output level affords an
important advantage in broadcasting as to value of signal
level to background noise.

Each head is fitted with a selected, hard African diamond
stylus, polished and finished to tolerance of 1/10,000 of
an inch. Hairline indicator on head plus precision stylus
construction make accurate cuing possible. Allows “back-
tracking” without damage to recorld or reproducer.

Available through Authorized Jobbers
Bulletin PR1, yours for tha asking

RADIO-MUSIC
CORPORATION

EAST PORT CHESTER - CONN.

General Railway Signal Com-
pany. |
Entered as second-class matter, August 22, 1945, at the Post Office, Great Barrington, Mass., under the Act of March 3, 3
1879. Additional entry at the Post Office, Concord, N. H. Printd in the U. S. A.
MEMBER,
AUDIT
BUREAU OF

CIRCULATIONS
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1 Police radio is now so firmly estab-
1 lished as a public service that we read
very little about it in the press. Like
the men who use it, police radio is taken
for granted. That’s why we got such a
kick from an editorial in The Beatrice
Times, published in Nebraska:

“The city’s new police radio gave
Bealtrice a convineing lesson in the effec-
tiveness of modern crime control yes-
terday.

“In the amazingly brief time of twenty
minutes it steered officers to the capture
of a man who had robbed the First Na-
tional Bank. An event that is most often
attended either by a complete get-away,
or the tragedy of bloodshed was reduced
to a one-sided battle wherein the bandit
groped his way blindly to defeat while the
police, for once, had a better than even
chance.

“Crime is only successful when the
cards are stacked against enforcement.
When the odds turn the other away, the
criminal is as helpless as the next one.
His exploit looks more foolish than daring.

“There was a good lesson in yesterday’s

" event. It dawned on Beatrice that it had

struck a real blow for the future security
of the town. The news of such a fiasco
as the bank bandit staged in the face of
too-sharp enforcement will discourage
many a craftier and more daring law-

breaker.

“In many places today hard faced men
will be drawing a pencil line through the
name of Beatrice. It’s too hot for a sure-
fire job. The police officers know how
to make a pinch and the radio does too
much talking.

“The community is also aware of an-
other thing. The radio is a life saver for
officers who must and who do go where
danger calls. It is an unthinking com-
munity, a guilty community, that asks an

| officer to give his life for want of facilities

that could have saved it.

“Good law enforcement facilities are
more than just a nice thing to protect
property. They are a moral obligation in
defense of the lives of officers.”

We’d like to add this footnote. The
installation, supplied by Harvey Radio,
cost more than the town could afford to
pay. Consequently, the money was raised
by publie subscription. The First National
Bank was one of the largest contributors!

(CONTINUED ON PAGE 56)
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FIRST IN FEATURES Watch shoppers on any

radio sales floor. What set catches the interest of the crowds?—a Zenith,
of course! That’s because every model in the Zenith line is packed with
features that actually mean something—features that reflect the design
and engineering “‘know-how’’ developed during Zenith’s years in the
industry—features that insure value.

FIRST IN DEMONSTRABILITY e

radios and radio-phonographs are easy to sell, because their features are
the kind that you can actually demonstrate. The Cobra Tone Arm, for
example, permits the most dramatic tone arm demonstration ever made.
The Zenith “Radiorgan,” the Silent-Speed Record Changer, the big,
black dial, the Zenith Wavemagnet—all these are features you can
show . . . features your customers will notice and want.

FIRST IN PERFORMANCE roon e orie

inal engineering blueprint to the finished sets that come out of the final
testing booth, every Zenith is built to work . . . built with all the skill,
the knowledge, the pride of achievement that marks this organization.
The final test of every radio is how it performs . . . and Zeniths are built
to pass that test with flying colors. Hundreds of thousands of well-
satisfied Zenith owners attest to that.

ZENITH RADIO CORPORATION

6001 W. DICKENS AVENUE e CHICAGO 39, ILL.

July 1947 — formerly FM, and FM Rapio-ELEcTRONICS

IS STILL THE

'EST LINE IN THE INDUSTRY

That’s Because of the
Value-Giving, Sales-Making
Features Made Possible By

Zenith’s Policy of

RADIONICS
EXCLUSIVELY

ONLY ZENITH OFFERS SALES FEATURES LIKE THESE

RADIONIC
COBRA TONE ARM

i
|
|
|
|
|
|
|
|
: ARMSTRONG F-M
|

—_—— e

80% MORE POWERFUL

ER-SI
NEW sup X TUBE PHONOGRAPH MOTOR




PRODUCTS & LITERATURE

So many new instruments, components, and
materials are being brought out that space
does not permit us to publish illustrated
descriptions of them all. Accordingly, rather
than selecting a few each month, we have
established this new department of Products
& Literature so that a great number of brief
descriptions can be published. From these,
you can select items which interest you, and
send for catalogs or bulletins. We'll appre-
ciate it if you will mention FM and TELE-
VISION in your requests.

Portable Oscilloscope for ohservation of fre-
quencies from .5 to 800,000 cyeles is de-
signed for interchangeable cathode-ray
tubes with screens of short-, mediume-,
and long-persistence. — Model WO-60C,
Radio Corp. of Ainerica, Camden, N. J.

VT Voltmeter for 10 cyeles to 1.6 me. Rated
at .5 db variation over this range, or .1 db
variation from 20 to 500,000 cycles. Five
ranges cover .01, .1, 1, 10, and 100 volts.
Also, logarithmic scale calibrated 1 to 10
and decibel scale 0 to 20 db are provided.
Operates on 100-123 volts, 30-60 cyeles.
— Freed  Transformer Co., Ine., 72
Spring St., New York 12.

Power Resistors of cement-coated type are
Hlustrated and described in detail in a
bulletin entitled **Why Cement-Coated
Power Resistors?™ — Clarostat Mfg. Co.,
Ine., 130 Clinton St., Brooklyn, N. Y.

FM Sweep Generator for aligning RF stages
at 88 to 108 mc., and IF stages at 9.5 to
11.5 me. For use with a cathode-ray os-
cilloscope. — Radio Corp. of America,

Camden, N. J.

Eight Power Tubes described in new Eimae
data sheets are: 4-65.\ power tetrode for
mobile services in 160-me. band, 4N 150A
external anode tetrode for use up to 1,000
me., 4-1000.\ tetrode for FM broadcast
transmitters, 3NX23500A8 external anode
triode, 3X23500F3 for industrial service,
3X12500A38 used in the 50-kw. FM trans-
mitter at Mt. Diable, 4125 tetrode, and
4250A tetrode. — Eitel MeCullough, Inc.,
San Bruno, Calif.

Dynamic Noise Suppressor for broadcast station
use, to remove scratch and background
noise from records and transeriptions.
— Catalog 9107\, Technology Instrument
Corp., Waltham, Mass.

Rod Parters with capacity for cutting up to
34- or 94-in. cold rolled steel bars, features
high-speed operation and great precision.

— O’Neil-Irven Mfg. Co., Lake City, Minn.

Slide Switth employs lateral instead of
rotating movement for FM-AM receiver
band seclection. Flat strip design reduces
length of coil leads. Available with 5 to 20

clips on each side, with 2- or $-position
mdex, — Centralab  Division of Globe
Umion, Milwaukee, Wis.

Subminiature Triode type CK608CX, capable
of delivering 1 watt output as a Citizens’
Radio transmitter, 460 to 470 me. Size is
Y4 in. in diameter by 114 ins. long, plus
pins. — Raytheon Mfg. Co., Newton,
Mass.

FM-Television Antenna comprised of a thin,
70-me. dipole combined with a heavier,
128-mc. dipole, and connected together
by feeder rings. Intended for home instal-
lations. — Tricraft Products Co., 1535-F
North Ashland Ave., Chicago.

Television Camera designed for the image
orthicon operates with about 109 of the
light required for present iconoscope
cameras. Functions at levels down to
25 ft. candles, produces sharp definition
at 100 to 200 ft. candles. Rotary turret
carries four Ektar lenses from 35 mm.
F:2.8 to 185 mm. F:3.8. Viewfinder has
5-in. tube. — Radio Corp. of America,

Camden, N. J.

Special Instruments requiring variations in
designs of standard voltmeters, ammeters,
and related instruments can now be
ordered from the Marion short-run shop.
— Marion Electrical Instrument Co.,
Manchester, N. .

Radio Hardware items for apparatus con-
struction and replacement, ranging from
special, hard-to-get types of screws and
nuts to springs, washers, dial cable, and
tools. — Catalog 7F, General Cement
Mig. Co., Rockford, Il

High-Voltage Battery delivers 300 volts. Test
life to 200 volts at 300 microamnperes is
200 hours, based on 2-hour constant
current per day. Dimensions 2114 by
2745 by 813{4 ins. — Tvpe 493, National
Carbon Co., 30 E. #2nd St., N. Y. C.

Cathode-Ray Tube for television receivers,
10 ins. in diameter, has aluminum-backed
viewing screen to increase brillance and
definition, and to eliminate ion spot.
Employs magnetic focusing and deflec-
tion.— Tvype 10FP4, General Electric
Co., Tube Division, Schenectady, N. Y.

Tube Data on Hytron transmitter and spe-
cial purpose types. Includes the new
HY75A vhf triode and 12AL5 miniature
twin diode for use as a discrimmator,
ratio or diode detector, AVC diode, clip-
per, or low-power rectifier. — Hytron
Radio & Electronics Corp., Salem, Mass.

Fuses for instrument and equipment pro-
tection are described in the new Little-

fuse catalog. Many new items are illus-
trated. — Catalog 9F, Littlefuse, Inc.,
4757 Ravenswood Ave., Chicago 40.

Attenuators equipped with 2 Oilite bearings
and ground, stainless steel shaft to assure
smooth action, — Daven Co., 191-A
Central Ave., Newark, N, J.

Parts Catalog of 72 pages, shows new CcOMpo-
nents and sound equipment.— Con-
cord Radio Corp., 901 W, Jackson Blvd.,
Chicago.

Tube Notes on applications of the 224 and
2K26 beam power transmitter types ih
162-mc. circuits. — Radio Corp. of Amer-
1ca, Harrison, N. J.

Small High-Voltage Condensers rated at 85° C.
for DC operation on 8,000 to 20,000 volts.
Cases are hermetically sealed, with solder-
sealed glass terminal bushings. Among the
standard tvpes is a 1 mfd. condenser
rated at 10,000 volts, DC with base di-
mensions 41§ by 81¢ by 514 ins. high, and
a 1 mfd. type rated 20,000 volts DC, with
base dimensions 414 by 1314 by 11 ins.
high. — Catalog 203-F, Sprague Electric¢
Co., North Adamns, Mass.

Headset similar in appearance to stetho-
scope, weighing only 1.2 oz., has volume
control to adjust response level. — Telex,
Inc.,, Northwestern Bank Bldg., Min-
neapolis 2, Minn.

Facto Meter is a portable instrument which
shows by meter indication the FM or AM
signal strength picked up on a telescope
antenna. Actually, the Facto-Meter 1s a
portable FM-AM receiver for light-socket
operation. It can be used to determine the
best location for an FM-AM receiver
using a built-in antenna, or to show if the
signal level is so low that an outside an-
tenna is needed. Price $124.95. — Bendix
Radio Division, Bendix Aviation Corp.,
Baltimore 4, Md.

Textolite Plastics are described in great detail
in a Gi-page book which lists the prop-
erties and applications of 44 grades of
fabric-base sheets, as well as rods and
tubes. — General Electric Co., Pittsfield,
Mass.

IF Converter for use with Measurements Corp.
Model 78-FM standard signal generator.
The converter makes it possible to obtain
output voltages of 10 microvolts to 1 volt
in the 4.5, 10.7, and 21.7 mc. ranges. One
extra frequency can be added. With this
addition, the 78-FM generator, which
covers 86 to 108 mc.,-can be used for test-
ing IF amplifiers and discriminators.
— Measurements Corp., Boonton, N. J.

Chart of Miniature Tubes shows applications,
characteristics, and socket connections
for 48 types. — Chart MNT-30A, Radio
Corp. of America, Harrison, N. J.
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This recent installation shows a Blaw-
Knox 280 ft. self-supporting insulated
Vertical Radiator for AM, topped by

an FM antenna.

With Blaw-Knox experience in tower
construction dating back to the birth
of commercial radio, the broadcast-
N b ing station had full confidence in the
J" Z. ability of Blaw-Knox to design, build

and erect this new type of structure.

i , BLAW-KNOX DIVISION
= OF BLAW-KNOX COMPANY

2046 Farmers Bank Building
Pittsburgh, Pa.

g %8
o
. B3
R 3

BLAW-K " TOWERS
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IMPORTANT ARTICLES ON

COMMUNICATIONS

Installation — Operation — Maintenance

Communications engineers and supervisors will find invalu-
able information in the following articles which appeared in
FM AND TELEVISION Magazine. Back issues are still available
at 50¢ each, or 6 for $2.00 postpaid. Order NOW, for the

supply is very limited.

Connecticut’s State Police system, E. J. Hickey . . . . Jan. ’41
FM 2-way performance, Sydney E. Warner . . . ‘¢
Mountain-top relay for California, D. G. Beachle- Aug. ’41
2-band Hallicrafters S-31 receiver. . . .. ... . . . . ¢
Emergency police truck, Sydney E. Warner Sept. '41
FM emergency units, Col. Gustav Reiniger . . . . ¢
FM for mobile services, Sydney E. Warner. . . . Apr. ’42
New Jersey’s 2-way system, Neitzert & Murnane May ’42
2-way pack set, F. T. Budelman. . ... . .. . . Sept. ’42
Progress of 2-way FM, Lt. J. E. Murnane . . Oct. ’42
Hand-driven generators, R. W. Carter. . .. .. . Nov. ’42
G. E. Mobile equipment, Part 1 Mar. 43
G. E. Mobile equipment, Part 2 o Apr. ’43
FM for Massachusetts State Police, J. A. Doremus ¢
FM succeeds where AM failed, W. M. Gamble . . . . June ’43
FM for railroad communications. . .. .. ... ... .. . July 43
Railroads need radio communications, M. B. Sleeper Jan. ’44
Record of police radio performance, S. E. Warner “
FM safety aids for railroads, W. S. Halstead . . “
Alabama’s State Police system, M. B. Sleeper July ’44
Hallicrafters S-36A receiver, F. W. Schor . . . Aug. '44
Railroad engineer’s opinion of FM, J. Draney Sept. '44
FM in second hurricane, J. A. Hoffman. .. . Oct. 44
FCC hearing on railroad radio. . .. .. .. ... .. ¢
Railroad radio plans, Rene Hemmes. . . . . . Dec. 44
Progress of railroad radio, J. A. Curtis. . . .. . ¢
FM at wreck near Poplar Grove, P. C. Bennett Mar. ’45
Antennas for FM links, Lieut. R. W. Ehrlich. . Apr. ’45
Tests on Denver & Rio Grande Western . ¢
Miami’s 118-mc. system, Lieut. Ben Demby May ’45
Railroad radio FM equipment, G. A. Leap ¢
ESPRL standards report. . . .. .. . .. ... ... Sept. ’45
Comments on railroad radio . . . .. ... .. .. Dec. 45
Progress of railroad radio e ¢
FCC rules for railroad radio. . .. ..... .. . *
FM communications antenna design, J. Craig . Jan. ’46
Maintenance of police radio, F. A. Bramley . . . . ... . .. Mar. ’46
Erecting a Wincharger tower, Part 1, M. B. Sleeper . Apr. ’46
Satellite system for rail yard, Nygren & Clinton. . . . . .. ¢
Erecting a Wincharger tower, Part 2, M. B. Sleeper. . . May '46
Communications frequency assignments. .. .. .. ...... July ’46
How to align FM receivers, B. J. Cosman. .. ... ... .. *
WWYV standard frequency receiver, A. Fong. .. ... .. ¢
New mobile equipment, D. E. Andersen. . . .. ... ... Oct. ’46
FM for rail yard control, W. S. Halstead . . . . . . .. .. Nov. ’46
Mobile system for power utilities, G. H. Underhill . . Jan. ’47
Dual diversity for police radio, Lieut. B. Cutting . . .. .. Feb. ’47
Field alignment of mobile equipment, George Ing. . .. . Apr. 47
WWYV standard frequency broadcasts, W. W. George. . .. .. June 47
CIRCULATION DEPARTMENT
FM AND TELEVISION
Great Barrington Massachusetts

Du Mont: Instrument and tubes sales divi-
sion has been moved to Du Mont Labora-
tories Building 16, at 1000 Main Street,
Clifton, N. J.

Burlington: New representatives for Burling-
ton Instrument Company, Burlington,
Ia., are: Ernest G. Hendrickson, 227 E.
Sprague Avenue, Spokane 8, Wash.: For-
rest C. Valentine, Ft. Wayne Bank Bldg.,
Fort Wayne, 2; White Sales Company, 10
High Street, Boston.

Farnsworth: E. J. Hendrickson has sue-

| ceeded E. H. McCarthy as manager of the

sales division at Farnsworth Television &
Radio Corp. Hendrickson, who joined the
Company in 1939, has been manager of
the Chicago distribution branch since
1945. McCarthy has retired because of
poor health.

GE: G. S. Perkins, who joined G.E. Supply
in 1935, has been appointed sales manager
of G.E.s Musaphonic receiver line. He
will make his headquarters at Bridgeport
until the receiver division moves to
Syracuse later this year.

Electro-Voice: Will be represented by LeRoy
Beier Company, 600 S. Michigan Avenue;
Chicago, in Wisconsin, eastern Iowa, and
northern Illinois except Chicago.

Sprague: Export sales at Sprague Electric
Company are now under William McMil-
lan Adams, formerly of U. S. Rubber. His
headquarters will be at North Adams,
Mass.

University: Edward Maged, formerly sales
engineer for David Bogen, has joined
University Loudspeakers, Ine., 225 Varick
Street, New York 14. He will handle the
cobrdination of sales engineering, sales
promotion, and advertising.

§-C: William J. Kelly, for 9 years the
eastern district manager for McGraw
Electric, has joined Stromberg-Carlson as
district merchandiser for the eastern sea-
board as far south as Virginia.

Bendix: Newly appointed distributor for
Bendix radios in Seattle and Spokane
areas is F. B. Connelly Company, Seattle.
They will also handle Bendix distribution
in Alaska.

Majestic: Sam F. Arn, Jr., has succeeded
Paul Sperling as service manager for Ma-
jestic Radio. =
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, Here, at last, is a twin-contact de-
sign in which the chance of contact
failure is actually reduced to the prac-
tical limit.

Exclusive design of the CLARE Type
“J"*d.c. Relay allows the twin contacts
to operate independently of each
other so that one contact is sure to
close even when the other may be
blocked by presence of dirt or grit.

This sensational new relay combines
the best features of the conventional
telephone-type relay with the small
size and light weight developed dur-
ing the war for military aircraft use.

Weighing little more than two ounces,
slightly over two inches in length, it
has the sturdy construction, large con-
tact spring capacity, extreme sensitiv-
ity, and adaptability to a wide range

of specifications for which CLARE
Relays are noted.

Modern designers, working to de-
velop close-coupled, compact equip-
ment to meet today’s streamlined
standards, welcome this highly effi-
cient combination of capacity and
small size.

CLARE Relays are especially de-
signed for jobs where ordinary re-
lays won’t do. If you have such a
relay problem, Clare Sales Enginecrs
are located in principal cities to help
you work out a Clare “Custom-Built”
Relay that will just fit your needs.
Write: C. P. Clare & Co., 4719 West
Sunnyside Avenue, Chicago 30, Illi-
nois. Cable Address: CLARELAY.
In Canada: Canadian Line Materials,

Ltd., Toronto 13, Ontario.

v &

CLARE RELAYS

Lo

*"Custom-Built"” Multiple Contact Relays for Electrical and Industrial Use

All These Features . . . and
More . . . Provided By
CLARE Type "'J" Relay

Independent Spring Contacts. Dome
shaped contacts on movable springs; flat
discs on fixed springs.

High Current-Carrying Capacity. Twin
contact points of palladium. Rated cur-
rent-carrying capacity: 4 amperes, 150
watts.

New Design Large Armature Bearing
Area. Hinge type armature has new de-
sign bearing providing largest possible
bearing surface. Pivot pin turns in cylin-
der of different metal which is full width
of heelpiece.

Sensitive, Efficient Magnetic Structure.
Heelpiece and other magnetic iron parts
are exceptionally heavy for size of relay
... provide highly sensitive and efficient
magnetic path.

High Operating Speed. Designed for
extremely fast operation ... a minimum
of one to two milliseconds.

Permits Handling Large Spring Loads.
Power and sensitivity permit handiing of
large spring loads. Both single and dou-
ble-arm relays available. Maximum of
10 springs on single-arm relay . . . 20
springs (10 in each pileup) on double-arm.
relay.
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e///oa’e/ SX‘42 Described by hams who have operated it as

“the first real postwar receiver.” One of the finest CW receivers yet

developed. Greatest continuous frequency coverage of any commu-
nications receiver—from 540 kc to 110 Mc, in six bands. $ 00
FM-AM-CW. 15 tubes. Matching speakers available. 275

J/Odé/ 8'40A Function, beauty, unusual radio perform-

ance and reasonable price are all combined in this fine receiver.

Overall frequency range from 540 kc to 43 Mc, in four bands. Nine

SN AT LN

X!
i

tubes. Built-in dynamic speaker. Many circuit refine- $8950

ments never before available in medium price class.

i

eﬂoa'e/ s - 3 8 Overall frequency range from 540 kc to 32
Mg, in four bands. Self contained speaker. Compact and rugged,
high performance at a low price. Makes an ideal standby receiver

for hams. CW pitch control is adjustable from front

panel. Automatic noise limiter..................,.... $4750

hallicrafters ranio

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

Sole Hallicrafters Representatives in Canada:
Rogers Majestic Limited, Toronto-Montrea!
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i Whenali
i When a little |
i
|
|
i means a lot |
i i
1
Whenever and where\;er space is at a premium.... . =

in shavers, hearing aids, pocket radios, guidedi
- missiles and other radio, electrical or electrgnic |
devices. .. you can use one or more of these four
miniature products IRC makes-by-the-million.
| For complete information, including dimensions, .
| ratings, materials, cqnstructi‘n, tolerances, write
for comprehensive catilog bulletins, stating
products in which gyou are interested.

|
i
|
' |
1
|
: 1
i
!
MPM Resistors i
U
S
14 watt for UHF. Resistance film permanently T 14 watt—insulated composition. Length
bonded to solid ceramic rod. Length R only ¥%". Diameter *&’’. Resistance
only %", Diameter Y. Available '; range 470 ohms to 22 megohms
resistance vajues 30 ohms to 1.0 megohms. I (higher on special orders).
(o]
N
$
A
C
T
U
A
L
S
. . [ i ] . °
TYPE H Fingertip Control z TYPE SH Fingertip Switch
¥ E 3
. : ]
| Composition volume or tone control. = Similar to TYPE H Control (left) in appearance.
" its B’ diometer and 2" overall - B diameter. OFF and 3 operating positions.
| depth include knob and bushing. I= ':c
i [
i

 INTERNATIONAL R ANCE COMPANY

401 N. BROAD STREET IA 8, PENNSYLVANIA

~ IN CANADA: INTERNATIONA S MPARY, LTD,, TORONTO, LICENSEE

Cooyright, 1947, Internotionat Resistance Company
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TYPE 12500A3

irdogen (S of o OXA agno -

Here’s How 1t 1s°Done . . . ~dgam O,

L fr"'o

IPA IPA
MODULATOR IMAC 4X500A’s |5, .d EIMAC 3X2500A3's ‘s L sokwe
3 kw 12 kw

Acpinos 2 "OP ERATIMES C ONITIRONSD
iloreve ! brTwethrbesh “u

[P BrEwb VR s obuiviydigah.

T ot wlimi2

smob "ul¥

D-C Plate Current - - - - 4.4 amperes
D-C Grid VYoltage - - - - --620 volts

D-C Grid Current - - - - - 1.9 amperes
Driving Power ({Approx. - - 12 kilowatts
Plate Dissipation (total) - - 15.4 kilowatts

- 57.6 kilowatts

Tsaﬁl w:ﬂla-‘fxf H] - 54.4 kilowatts
%oiar.e“ E‘Efgiency - = - - 94 per cent

184 power delivered to water-cooled
load. Amplifier output estimated to be 3
kw higher, due to resistance and radiation
losses between amplifier and load.

‘YH
Above. Four Eimac 4X500A f f

3
push-pull parallel raise the power Kve:qv R
from 50 watts to 3 kilowatts. R

Right. A pair of Eimac 3X2500A3 #ri-
odes in a grounded-grid circuit provnde
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wlw of th firs_§ ghigh-band FM TrIT
mitter o a|r Ei efe in every important

socket. This was only natural, as Eimac tubes have been
associated with every FM transmitter development, in-
cluding the original historic 1935 demonstration before
the IRE.

KSB\‘{J '%fk\b!%p'f Her \@s/_;iesngned and built by
Eimac to{deémonsirhte she carabilities of the new Eimac
3X12500A3 ml_JH’l -unit air cooled triode. A pair of these
new triodesin'a' §ratnded §Pid circuit easily delivers 50-
KW at high-band FM frequencies, with power to spare.
Performance of this sort is made possible by sound vac-
uum-tube engineering. Because of its unique multi-
unit design, the 3X12500A3 combines high power capa-
bility with close electrode spacing and low lead induc-
tance, thus making it possible to produce high power at
VHF with low plate voltage and high over-all efficiency.
These same features make the 3X12500A3 an outstand-
ing performer at low frequencies.

Data on the 3X12500A3 and the 50-KW amplifier are
available. Write t

ronngsodeldnennio?d hahsyl

1764 San Mateo Ave, San Bruno. California

A

J )

Voltage - - - - - - Y - - 15w
Current - - - - - - - - - - - - - « 192 amp.
Amplification Factor (Aver.) - - - 20
Direct Interelectrode Capacitances (Av.)
Grid-Plate - - - - - - - - e - - - - 95 upf.
Grid-Filament - - - - - - - . - S . - - - 240 ppfd.
Plate-Filament - - - - - - A - - - = 5 upfd,
Transconductance (e = 3000 v, i = 4a) 80,000 uimhos
19qs$ra i »..r
. B neiipg ¥0 oy ‘
Sflba " >
TYPE 3X 3
ELECTRICAL CHARMETERISTICS
Filament: Thoriated tungsten &
Voltage - - - - - = -« = = & - - & - - = 75 v
Current - - - - - = = = « & - = - - - - - 48 amp.
plificati ﬁfor ( v.) - -
ire de €ap. 1 % 1 E
;Mi} _? ?’"\7 ?W L 903
Grid-Filament - - - - - « + 4+ - -+ - - - 48 uuf.
Plate-Filament - - - - - =« < « - - -« - - = 1.2 wuf.
Transconductance (i,=830 ma, E = 3000 ¥) = = - - - 20,000 umhos

ELECTRICAL CHAR

Filament: Thoriated tungsten
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Just off

the Press!

postpaid in U. S.
elsewhere $2.25

in the Paper Bound Edition

the Industry’s Most-Needed Source of Information

The STANDARD FM HANDBOOK

THE 15 chapters of the FM HANDBOOK
were written by 14 outstanding FM engi-
neers. This book, of 174 pages, 83 by 114
ins., is equal to 300 pages of the ordinary
handbook size. There are 218 photographs,
wiring diagrams, and charts to illustrate the
latest FM equipment and circuits. Here is a
resume of the chapters:

1. Background of FM: as told by Major
Armstrong to the Senate Interstate Commerce
Committee in December, 1943. Also, excerpts
from his log in 1934, *38, and ’39.

2. Theory of FM: by Rene Hemmes. This is
the most complete and understandable ex-
planation of FM theory ever written. By using
charts and diagrams, the functions of FM cir-
cuits are shown clearly, without recourse to
mathematics. This chapter explains all the
special features of receiver design, including
AFC; and transmitter design, including the
Armstrong dual-channel modulator.

3. Business of FM Broadcasting: by Milton
B. Sleeper. Answers questions from those
planning to enter FM broadcasting.

4. FM Studio Techniques: by D. W. Gellerup.
Explaining fundamental differences between
AM and FM techniques.

5. Coaxial Lines for FM Transmitters: by
C. Russel Cox. A complete exposition, with
working charts and mechanical layouts.

16

6. Audio Distortion and Its Causes: by Jerry
Minter. A study of cross-modulation and its
effect on tone quality.

7. High-Fidelity Reproduction: by John K.
Hilliard. Describing the operation and design
of coaxial speakers and high-fidelity amplifiers.

8. Antennas for Communications Frequen-
cies: by James A. Craig. Covering all types of
antennas for 30 to 44, 72 to 76, and 152 to
156 mc.

9. Selective Calling Methods: by Milton B.
Sleeper. Exglanation includes a call-number
chart for individual and group calling.

10. Maintenance of Communications Sys-
tems: by Frank Bramley. How Connecticut
State Police handles the maintenance of 332
cars and 11 main stations.

11, Alignment of FM Receivers, by Bernard
J. Cosman. The fast, visual method for aligning
FM broadcast and communications recetvers.

12. WWYV Signals for Frequency Checking,
by Arthur Fong. Describing a receiver for
checking circuits, meters, and modulators from
WWYV transmissions.

13. Railroad Radio Installations: by Arnold
Nygren. Presenting factual data on their op-
eration and performance.

14. Notes on Facsimile Equipment, by
Frank R. Brick. Outline of progress for com-
mercial and broadcast services.

15. FCC Standards of FM Engineering Prac-
tice, corrected to January 1, 1947.

NO OTHER BOOK LIKE IT

This is the first and ONLY Book ever writ-
ten on FM which covers BOTH theory and
practice. It answers questions for those en-
gaged in manufacturing, broadcasting, com-
munications, sales, and maintenance. W hat-
ever your connection with the industry, you’ll
find chat it contains the largest amount of prac-
tical useful information you have ever bought
in any one book!

ORDER YOUR GOPY NOW!

e

| FM and TELEVISION
| Savings Bank Bldg.
|  Great Barrington, Mass.

|
|
|
| Please send me by return mail a copy of the |
| Standard FM Handbook. |

|

|

[ $2.00 (paper edition)
I Enclosed are [ 54°00 (Gloth edition)

| Name.........ooooiiiiiii |
I I
| Street. ..oooiiiiii i e e e |
I Aty . o e I
I Postpaid in U.S.A. — Add 25¢ foreign postage |

S R |
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THE HEART

OF THE

10 KILOWATT

QUADRILINE
AMPLIFIER

LEFT: COMPLETE REL 10-KW. FM
TRANSMITTER, COMPRISING 1-KW.
DRIVER, 10-KW. QUADRILINE AMPLI-
FIER, AND POWER SUPPLY.

Here Is the Answer to

High Power at High Frequencies

HIGHEST POWER GAIN: The cost of block-building is eliminated because the 10-kw.

Quadriline can be driven from a 1-kw. exciter, operating at 600 watts.

HIGHEST OVERALL EFFICIENCY: The efficiency of the Quadriline, expressed as the

ratio of antenna input power to the total power drawn from the AC lines, is substantially higher
than any other 10-kw. FM transmitter.

HIGHEST OPERATING STABILITY: The Quadriline design virtually eliminates the

instability and power losses characteristic of 2-wire amplifiers due to high external fields. Reduc-
tion of Quadriline power output due to filament failure of one tube'is only 15%.

LOWEST TUBE COST: Initial and replacement tube cost is only $108 each for the 4 tubes

in the Quadriline amplifier.

NO UNTRIED DESIGN FEATURES: There are no untried tricks in the Quadriline
amplifier. The tubes employed are of a stabilized design that has been in use for many years. The
Quadriline is another’example of REL’s Reliable Engineering Leadership.

Radio Engineering Laboratories, Inc.

Manufacturers of Armstrong Phase-Shift FM Transmitters Since 1935
.Plant: 35-54 Thirty-Sixth Street, Long Island City 1, NEW YORK

July 1947 — formerly FM, and FM Rapio-ELECTRONICS 17



Professional Service Directory

ﬂqandéy & /.?ai/éy

AN ORGANIZATION OF
Qualified Radio Engineers
DEDICATED TO THE

SERVICE OF BROADCASTING

National PPress Bldg., Washington, D. C.

~

RAYMOND M. WILMOTTE, Inc,

Consulting Engineers
Radio and Electronics

PAUL A. DEMARS, Associate

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

RANK H.

McINTOSH

Consulting Radio Engineers
710 14th St. N.W., Wash. 5, D. C.
MEtropolitan 4477

2

ANDREW CO.

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

RUSSELL P. MAY
CONSULTING RADIO ENGINEERS
L

1422 F Street, N. W. Wash. 4, D.C.
Kellogg Building Republic 3984

Preliminary sur-
veys,management
and operational
consulting service
based on practi-
cal experience

\ \ ~
with AM, FM and \\’ =
Facsimile. ] ﬂj. i

Phone: EXecufive 3929

RADIO CONSULTANTS, Inc.
1010 VERMONT AVE., WASHINGTON 5, D, C.

|

—

e TELEPHONE BRIDGEPORT 5-2055 «

GARO W. RAY

Consulting Radio Engineers
991 Broad Street, Suite 9-11
Bridgeport 3, Conn.

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

OUR | Herbert L. Wilson
18th

YEAR Consulting

Radio Engineers

1018 Vermont Ave., N.W. NA. 7161
Washington 5, D. C.
°

1000 No. Seward St. HO. 6321
Hollywood 38, Calif.

The

ROBERT L. KAUFMAN
ORGANIZATION

e Construction Supervision (FM-AM),
T'echnical Maintenance, and Business Ser-
vices for Radio Broadcast Stations.

Munsey Building Washington 4, D, C.
District 2292

ANDERSON &
MERRYMAN

ConsvultingRadioEngineers

715 American Bank Bldg. Tel. RAymond 0111
New Orleans 12, Lovisiano
Svite 1726-28, 33 W. 42nd St.  Tel. Wis. 7-939]-2
New York City

T

CONSULTING
RADIO ENGINEERS

DIXIE B. MCKEY
&
ASSOCIATES

1730 CONNECTICUT AVE. N.W.

WASHINGTON 9, D.C. ADAMS 3711

COMPLETE Technical and
ERA Management
Consulting Service

Immediate FM and VHF
Field Measurement Service Available

Engineering Research Associates, Inc.

Washington, D. C. Office:

1129 Vermont Av., N. W.
Phone: EXecutive 4742

Laboratories:
S1. Paul 4. Minnesota
Phone: NEstor 9601

€9

Radio Engineering Consultants,

Frequency Monitoring

Commercial Radio Equip. Co.

International Building ° Washington, D, C,
603 Porter Building . Kansas City, Mo.

ENGINEERING AND
PATENT LIBRARIES

Bound volumes No. 11 and 12 of
FM anp TeLEVISION for January to
June, 1946, and July to December
1946 are now being made up. Price,
cach, $5.50 plus 25¢ shipping charges.

Cud[om-/)?ui&

SPEECH INPUT EQU IPMENT
U. S. Recording Co.

1121 Vermont Avenue
Washington 5, D. C.
District 1640

THE WORKSHOP
ASSOCIATES

INCORPORATED
Specialists in
High-Frequency Antennas

66 Needham St., Newton Highlands, Mass.
Bigelow 3330 S

18

FREQUENCY MEASURING
SERVICE

Exact Measurements - at any fime

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

1

®

[

RATES FOR

PROFESSIONAL CARDS

IN THIS DIRECTORY

$10 Per Month for This Siandard
Space. Orders Are Accepted
for 12 Insertions Only

FM anxp TELEVISION
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Professional Service Directory

McNARY & WRATHALL

CONSULTING RADIO ENGINEERS

* * *

983 National Press Bldg. Di. 1205
Washington, D. C,

GEORGE P. ADAIR

Consulting Engineers

Radio, Communications, Electronics

1833 M St., N.W.. Washington 6, D.C.
EXecutive 1230

KEAR ¢ KENNEDY

Consulting Radio Engineers

1703 K St. N.W.  REpublic 1951
Washington, D. C.

FREQUENCY MEASURING
SERVICE

Highest Accuracy — Anytime
STANDARD — MEASUREMENTS

Division of RADIO ELECTRONICS, INC.

Phone 2652 ENID, OKLAHOMA

WATKINS 9-5310

S _A. Barone Co.

Consulting Engineers

MECHANICAL—RADIO—ELECTRONIC
PRODUCT DEVELOPMENT & RESEARCH

Development Specialists in Circuits, Part
Lists, Models, Manufacturing Drawings.

143-145 W. 22ND STREET, NEW YORK 11

RATES FOR

PROFESSIONAL CARDS

IN THIS DIRECTORY

$10 Per Month for This Standard
"~ Space. Orders Are Accepted
for 12 Insertions Only

DALE POLLACK
FREQUENCY MODULATION

development and research
transmitters, receivers
communications systems

352 Pequot Avenue
New London, 2-4824

New London, Conn.

WINFIELD SCOTT MCCACHREN

AND ASSOCIATES

Consulting Radio Engineers
TELEVISION SPECIALISTS

PHILADELPHIA:
8098 Windemere Ave.
Drexel Hill, Pa.
Sunset 2537-W

410 BOND BUILDING
Washington, D. C.
District 6923

AMN ATHAN
WILLIAMS

Cousulting Engineer

FM

20 Algoma Blvd.
Oshkosh, Wis.

Phone: Bl'khawk 22

O.MAHA STATION KOAD-FM RECENTLY
REFERRED TO WARREN DAVEE, SERVICEMAN
AT WEST POINT, NEBRASKA, AS THE MOST
ARDENT FM BOOSTER IN THE STATE % % OUR
RECORDS SHOW THAT HE HAS BEEN A SUB-
SCRIBER TO FM anp TerLevision EVER SINCE NOYV.
17, 1944. % «* WHETHER IT’S IN MANUFACTUR-
ING, BROADCASTING, COMMUNICATIONS,
SALES, OR SERVICE, IF YOU NAME AN FM
ENTHUSIAST, I'T’S ALMOST 100 TO 1 THAT YOU
HAVE NAMED A SUBSCRIBER TO FM AND TELEVISION,

July 1947 — formerly FM, and FM Rapro-ELECTRONICS



Another”F IRST”for Western Electric

NEW Arc-Back Indicator in

Western Electric FM Transmitters
spots faulty mercury vapor recti-

fier tube surely ... instantly!

A.rc-backs in mercury vapor rectifier tubes are rare—but

when one occurs it is essentlal that you locate the faulty tube
at once.

And that is exactly the function of the new Arc-Back Indi-
cator,anexclusive feature of Western Electric FM Transmitters
of 10 kw and higher powers.

Gone is the uncertainty as to which tube is at fault, for the
Arc-Back Indicator shows you instantly . . . enables you lo get
back on the air in a fraction of the usual time.

The new Indicator is only one of the major features which
put Western Electric FM Transmitters in a class by themselves.
The Power and Impedance Monitor—which gives an accurate,
direct measurement of the actual RF power fed to the antenna
system and, in addition, a method of measuring standing wave
ratio under full power output—is another. The Frequency
Watchman for precise, dependable frequency control is a third.

Investigate Western Electric before you buy any I'M trans-
mitter. The Western Electric line ranges from 250 watts to 50
kw in power. Call your local Graybar Broadcast Representative,
or write Graybar Electric Co., 420 Lexington Ave., New York
17, N. Y., for full information.

OFFICES IN 95 PRINCIPAL CITIES

Heart of the new and exclusive Arc-Back Indicator eircuit
is a saturated toroidal transformer which responds only to
reverse current in its associated rectifier tube. When an
arc-back occurs, the voltage from the transformer fires a
small thyratron tube which removes high voltage and lights

Ly TO TRIPPING CIRCUIT
RECTIFIER ~ ° AND INDICATOR LAMP
TUBE

the proper indicator lamp, visible through the glass front
door of the TRANSVIEW design transmitter. In case of a
string of “sympathetic” arc-backs, only one indicator lamp
is fired—the one associated with the rectifier in which the
original arc-back occurred.

— QUALITY COUNTS —
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REPORT ON 2-WAY EM GOMMUNICATIONS

A Review of the Market for Communications Equipment, Its Posiwar Expansion, and Future Growth

HE growth of 2-way FM communica-

tions systems since the war has been the
most astounding and least publicized
development in the radio industry. On
June 1st, there were 8,250 licensed instal-
lations, with upward of 100,000 mobile
units in operation. A daily flood of new an-
plications pours into the FCC,

Viewed as a market for equipment sup-
plies, accessories, antennas, and test
instruments, it is becoming a close second
to home radio sets, and the number of
installations has grown to the point where
replacements add up to a very substantial
secondary market.

FCC figures divide the licenses issued to
date in this way:

Emergency Services:

Police. . ...... ... ... ... ... 3312
Fire. ... 13
Forestry. ..................... 683
Special Emergency. . ... ... 168
4,239

Experimental Services:
Experimental . ... ......... .. .. 1,448
General Mobile. .. ...... . ..... 1,568
3,016
Public Utilities. . . ............. 879
Railroads. . . ................. 93
Fixed Public Telephone. ... .. .. 23
8,250
In' the Communications Directory

which appears in this issue, each listing
shows the number of licensed mobile units.
However, the FCC is now preparing to ask
each new applicant to file for the number
of mobile units he expects to operate, and
the license will cover the operation of
that number. The purpose is to eliminate
the paper work at the FCC each time a
licensee adds another mobile installation.

Growth of the Market *x The present size
of the market for mobile equipment is in-
dicated by Part 1 of the Communications
Directory. This, however, covers only
police, fire, forestry, and railroads. Part 2,
which will be published in January, 1948,
will show experimental, general mobile,
special emergency, fixed public telephone
stations and public utility systems. It
has become necessary to divide the
Directory in this manner because the
magnitude of the work involved in pre-
paring the listings has grown to such
proportions that it is no longer possible
to do the complete job twice a year.

BY MILTON B. SLEEPER

The present number of systems, large
as it has become, is no indication of the
ultimate extent of this market. Rather,
the postwar expansion is only a begin-
ning of what is to come. Already, 27
railroads are using 2-way FM communica-
tions. They are operating 642 mobile units
now. but that is barely a start on their ul-
timate requirements. So far, the roads
have done little more than to set up test
installations. These have proved suc-
cessful far bevond their expectations in
saving time and money and in accident
prevention. From now on, railroad radio
will expand at a fast pace.

The use of radio by forestry depart-
ments is being extended, particularly since
they have found the channels in the
152- to 162-me. band so well-suited to
their needs.

Public utilities, including clectrie and
gas companies, pipeline operators, and
street car lines are swelling the number
of communications systems at a rapid
rate. .Adding to this list are patrols cover-
ing large oil and other storage installations,
and irrigation systems.

Greatest increase of all is in urban and
highway communications. This group
includes taxicabs, trucks, and buses.
Within the nexi 12 months, the number of
svstems may exceed the police group. The
reason is that the cost of radio equipment
is quickly offset by the saving in operating
expense,

Sale and Distribution * The selection of
a particular make of equipment is deter-
mined largely by the past experience of
the commnunications engineer in charge of
a new installation or, in smaller systems
where an engineer is not employed, by the
recommendation of some recognized local
expert.

The most important factor in the favor-
able consideration of any particular make
is the availability of installation and
maintenance service. In other words, the
company that gives the best service in any
area generally has the greatest number of
installations. This, then, is a field which
requires aggressive salesmen who can plan
systems, solve frequency problems, fill out
FCC applications, supervise installations,
and service the equipment until local
maintenance men can be found and
trained. It sounds like quite a job, and it
is.

Now, many parts jobbers who have
specialized in amateur gear are handling
communications equipment sales. They
have established places of business, sales-
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men who cover industrial accounts, and
experts who can put their knowledge of
amateur equipment to good use in han-
dling installation and maintenance on
communications systems.

This, in fact, is the biggest new field of
new business that has opened up for the
larger parts jobbers.

It also affords new opportunities for
highly skilled servicemen. A great many
systems are not large enough to justify
the employvment of a full-time engineer or
maintenance man. However, sinee the fail-
ure of the headquarters transmitter or
even one mobile unit is a serious matter,
it 1s necessary to have a maintenance ex-
pert on call at all times.

Usually, in sueh cases, a local expert
1s employved on a monthly basis to handle
repairs and to check transmitter frequen-
cies and receiver alignment at regular
intervals.

Frequency Problems * There are two fre-
quency problems in the communications
ficld that have not been settled, and which
are growing more serious as the number of
licenses  inereases.  First, there s the
matter of assigning frequencies in the
bands allocated to 2-way communica-
tions. Second, there is the need for widen-
ing the present bands. For example, only
2 channels are now available for taxi-
abs, out of the all-too-few urban mobile
channels. Taxi systems are still being
given Class 2 Experimental licenses on
152.27 and 157.58 mec., pending a final
determination. Since these systems use
one frequency to talk to the cars, and the
other for talking back, they are faced with
a difficult situation in many cities.

The Telephone Company has available
only a fraction of the channels needed
for mobile equipment in trucks, buses, and
private cars to provide communications
with regular telephone subscribers.

That refers to common carrier 2-way
service, available for the use of all sub-
scribers. In addition, there are concerns
engaged in operating fleets of trucks for
moving, delivery, and all kinds of public
services that want to operate their own
radio systems. It is possible that they will
be required eventually to subscribe to
common carrier service, probably operated
by the local Telephone Company. but no
d=cision has come from the FCC on that
point. Increasing use of radio by bus
lines further complicates this situation.

As to the expansion of communications
bands, there is trouble of a different sort.
When the lower television channels
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were set up on June 27, 1945,! the FCC’s
plan called for them to be *shared by
television and police control and relay
circuits, point-to-point, marine control
cireutts, forestry, rural telephone, studio-
transmitter links, and railroad. terminal,
and vard operations on a mutually non-
imterfering basis.” These are:

Television Channel:

T L 14-50 me.
No.2. ... .. 54-60
No.3. ... ... 6O-606
Noodoo oo 66-72
No.5 ... 76--82
No. G, 82-88

Now that we have begun to colleet
actual operating data on television-com-
munications interference, it begins  to
look as if a “mutually non-interfering
basis™ may be impossible to achieve.

First  official  consideration  of  this
problem came at an FCC conference at
Washington on June 10 and 11, with FCC
Chiet Engineer George 1. Sterling presid-
ing. Both the television and communica-
tions groups were well represented at this
mitial discussion. However, no decision
can be reached until after a public hearing
15 held. No change in the present situation
can be expected, therefore, in the im-
mediate future, but some shift is certain in
view of the tremendous expansion  of
communications services,

Channel Width x 1n considering plans to
mnerease the efficiency of band utilization
by narrowing the channels, factors of
frequency swing due to modulation and
frequency stability must be considered.
At present. the maximum deviation of
M communications transmitters is 7.5
ke, each side of the assigned center fre-
quency.
Channel width is:

30 to 100 me., $0 ke,
100 to 216 me.. 60 ke.

Required frequency stability is:

Below 50 me., + .01%
Above 30 me. + 0059

The FCC has proposed that the channel
widths be reduced 50%. However, this
would be worth while only if it can be
done in such a manner as to permit alter-
nate-channel assignments in  adjacent
areas, as is the case now. The FCC recog-
nizes, furthermore, that the channels can
be reduced in width only if suitable
cquipment can be manufactured at no
more than a shght increase over the cost
of equipment now in use, It is understood
that new designs are in process of develop-
ment, but there is no conclusive evidence
to mndicate a practical solution to the
problem of reducing the channel width,

! For allocations from 25 me. to 30,000 me,, see FM
anp TeLEVIsION, May, 1945, For the final allocations
from 42 pue, to 108 mie., see FM anp TeLEvision, July,
1945, Details of allocations for 42 to 44, 72 to 76, and
152 to 156 me, will be found in the Staxparp FN
ItaNbBOOK.
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Directly related to channel width is
frequency stability. At 152 me., for ex-
ample, the permissible drift from center
frequency (005%) amounts to 7.2 ke., or
nearly as much as the maximum deviation
under modulation. At 40 me., permissible
drift is 4 ke, from the center frequency.
From this it is clear that any plan to
narrow the channels must provide in-
creased center-frequency stability.

FM vs. AM * The Communications Direc-
tory shows that virtually all new installa-
tions employ FM, and that many old AM
syvstems have been changed to FM since
the war. We have asked communications
engineers: What is the most important
advantage of FM over AM. All those con-
sulted agreed that the capture-effect
protection against interference from other
stations is FM's No. 1 advantage.

That is ecasy to understand for, as
evervone o the communications  field
knows. the vagaries of long-distance
transmisston from 30 me. to frequencies
above 100 me, are such that AM hetero-
dyne squeals would create serious inter-
ference under the crowded conditions in
the 2-way communications bands, par-
ticularly outside the built-up urban areas.

Police Radio * The number of police radio
installations is still growing steadily,
and mobile units are being added to exist-
ing systems. The saturation point is not in
sight. Police radio now represents a large
replacement market because prewar equip-
ment is becoming obsolete, AM systems
are being modernized by shifting to FM,
and changes are being made to coordinate
municipal installations on an area-wide
basis to form nets and to utilize channels
more effectively.

Facsimile will soon bring further expan-
sion to police radio. There is not yet
suflicient experience to indicate how this
will be set up. In some states, it is expected
that facsimile equipment will be installed
at state police barracks, through which
information to and from municipal police
will be handled. In cases where facsimile
transmission will have to be relayed
between remote barracks and the state
capitol, direct rebroadcasting may be
emploved, with receivers feeding into
transmitters at the intermediate points,
This would avoid loss of detail resulting
from repeated recording and scanning. By
the end of 1948, facsimile will have made
considerable progress in police com-
munications.

Fire * Many fire department systems are
listed for the first time in the new Direc-
tory. Also, a large number of mobile units
have been installed on fire equipment for
operation as part of municipal police radio
syvstems.

The Underwriters still have not given
radio communications the recognition it
deserves as a means of added protection,
however. On the other hand, insurance

rates are reduced in many instances as
soon as additional fire alarm boxes are
ordered for future delivery, in spite of
statistics showing that fire alarm boxes are
the source of nearly all false alarms, and an
increasing number of false alarms!

Some work has been done on radio
alarm equipment, particularly for use in
isolated locations. However, established
manufacturers of fire alarm equipment,
whose business has been built up around
patented wire-operated systems, are un-
willing to go into the sale of radio-oper-
ated equipment because that would
jeopardize their patent structures. Since
these concerns are so well established in
their field, it is difficult for a newcomer to
break in. Meanwhile, developments in
the radio art will eventually bring about
the replacement of wire-operated equip-
ment with its high cost of maintaining
cables. This will probably create a com-
plete revision of planning systems and
locating alarm boxes.

The possibility of power failure at radio
alarmn boxes is offset by the failures of
cables, with the factor of economy greatly
favoring the use of radio.

Forestry « The use of radio by Forestry
and Conservation Departments is growing
with our increasing national awareness of
the need for protecting timber lands. Wire
lines from observation towers to head-
quarters points are uncertain, at best, and
‘an be depended upon to fail in fire emer-
gencies.  Also, they require constant
maintenance.

Stee fixed stations are always located
in observation towers at high elevations,
radio communication, particularly on the
higher frequencies, is ideal for the forestry
services. This is brought out by Ray L.
Atkinson, whose report on a survey in
Florida appears in this issue.

Public Utilities » The use of radio by public
utilities has proved highly advantageous,
so much so, in fact, that the number of
licenses issued in this group is growing to
the extent that a shortage of channels may
develop unless new provisions are made.
Appropriate action can be expected from
the FCC, since the dispatching of repair
crews to meet emergencies is an important
public service,

Tatis * To give the taxicab operators a
chance to feel their way into the use of
radio, this service was started on an ex-
perimental basis. Final determinations
as to frequency assignments have not been
made yet. Meanwhile, cab operators have
found that radio dispatching quickly
saves the cost of the equipment by reduc-
ing cruising mileage, and getting more
fare-miles from a given number of cabs.
Time is also saved when a cab breaks down
on the road. Standard practice is to use
one frequency to talk to the cars, and a
second for talk-back.
(CONTINUED ON PAGE 61)
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* 153-MC. EM FOR FORESTRY SERVICE

Results of a 6-County Survey Show Consistent 20-Mile Gommunications

HIS report covers a study of the prac-

tical nature of FM radio transmissions
on 153.65 mc. over terrain in the State of
Florida.

The contents of the report are compiled
for the benefit of Forestry Service officials,
as well as radio engineers, and should be of
interest to Forestrv-Conservation and
other radio services contemplating the use
of 152- to 162-me. equipment.

The first six of the 35 surveys planned
were completed January 15, 1947. Surveys
hegan October 30,1946. The Florida Forest
Service is sponsoring these surveys in the
interest of Forestry Conservation and the
radio art. Assistant Communications En-
gineers Ovid R. Gano and R. E. Greenc are
expediting the technical phase of the work.

General * The decision to use low power
land station transmitters was based upon
the economical factor entering into all
purchasing by Forestry Departinents. The
surveys include measurements made at
sea level up to 240 ft. above sea level.
Temperatures ranged from 31° to 101°
F. Tests were conducted day and night at
various elevations and under wet and dry
weather conditions.

All tests were carried out from 100-ft.
observation towers, except in Bay and
Calhoun counties. The Bay County fixed
antenna was placed atop a 100-ft. steel
antenna tower, while the Calhoun fixed
antenna was mounted on a city water tank
approximately 100 ft. above ground.

The surveys were conducted over a
period of several months, namely October,
1946 to January, 1947, a period deemed
sufficient to establish any adverse charac-
teristics of transmission and reception in
the 152- to 162-mec. band for Forestry use
in this section of the Country.

In all cases, solid dielectric transmission
lines were used to feed the fixed antenna.
Both 72-ohm and 53-ohm cables were
employed. The attenuation factors of the
several types of cables and the length of
the cables allowed approximately 50% of
the output power of the land station
transmitter to be delivered to the fixed
antennas.

Mobile antennas were of the quarter-
wave vertical type mounted directly on
top of the car roof. Ground-plane antennas
were tested as mobile gear with very
satisfactory results.

Radio Equipment % Keeping in mind the
portability features necessary for making

* Communications Engineer, Florida Forest Serv-
ice, Box 243, Lake City, Ila.

BY RAY L. ATKINSON *

a series of surveys, equipment was selected
which would be suitable for repeating
electrical and mechanical arrangements
with but minor deviation from the original
equipment set-up. For this purpose, the
following items were used in the tests:

Laxp Station WAWP

Transmitter Motorola FMTTU-
30D

Receiver Motorola FMRU-
16V

RG 11 U 160 Feet

RG 8 U 110 Feet

Half-Wave Dipole,
Concentric Half
Wave, Ground-
Plane, 3-Element
Colinear

100-Ft. Steel Tower

30 watts output

15 watts approx.

Motorola P-8100

oY) .. .
I'ransmission Line

Antennas

Antenna Support
Transmitter Power
Antenna Power
Signal Strength

Meter
Frequency 153.65 Me.
MosiLE StatioNn WAWQ
Transmitter Motorola FMTTU-
30D
Receiver Motorola FMRU-
16V

RG 8 U 10 ft.

Quarter Wave

Ground Plane

Car top for quarter
wave

Hand held for
ground plane

30 watts output

30 watts approx.

Motorola I’-8100

Transmission Line
Antennas

Antenna Supports

Transmitter Power
Antenna Power
Signal Strength
Meter
Frequency 153.65 Me.
Figs. 1 and 2 show the cars.

Survey Procedure % Predetermined locations
were first selected from maps of each
county. Measuring points were plotted
against terrain and road distribution, in
order to obtain the most complete collec-
tion of effective field strength recordings.
Travel schedules and routes were selected
and adhered to rigidly during the test
runs.

Mechanical and Physical Layout * The land sta-
tion was set up in each location in the same
manner. The car containing the radio
equipment was placed close to the base of
the 100-ft. steel observation tower. Trans-
mission lines were then run upward to the
cab of the tower and connected to an-
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tennas mounted slightly above the top of
the metal roof. A typical installation is
shown in Fig. 1. Separate transmission
lines were used in order that antennas
could be changed by the operator on the
ground. After each antenna changcover,
transmitter and receiver were retuned to
conform with original settings.

The mobile station mounted in the test
car made use of the standard equipment.
The quarter-wave vertical antenna was
seated at the center of the car roof.
Ground plane antennas, tested in motion,
were held by hand.

Recording Signal Strength * Data was recorded
in terms of microamperes grid current in
the first limiter stage of the receiver.
Mobile station data was obtained while
in motion by use of extension cable from
the recciver to a P-8100 meter in front
seat of car. No-signal levels of each re-
ceiver were checked several times daily

FIG. 1. TEST CARS AT GAINESVILLE TOWER
WITH CABLES RUNNING TO THE ANTENNA
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for consisteney of recorded data and meter
reading ratios.

Types of Terrain * The survey included runs
in the Northeastern part of Florida where
the carth levels are predominantly flat.
The counties of Duval, Nassau, and St,
Johns are particularly flat, having sandy
sotl and elevations from sea level to
145 ft.

In the northwestern counties of Es-
cambia, Calhoun, and Bay, only Bay has
characteristies similar to those of the
northeastern counties. Escambia county
varies from sea level to more than 100 ft.

"
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FIG. 2. MOBILESTATION WAWP LEFT, AND WAWQ, RIGHT, USED WITH

above. Escambia has a mixture of sand
and red clay carth. Rolling hills and flat
terrain are both encountered here,

Alachua  County is  predominantly
sandy soil, with low rolling hills and ele-
vations above sea level ranging from 40
to 150 ft.

Forest types in all these counties are
primarily pine species, interspersed with
oak and other hardwood. Timber stands
are usually thick and comparatively
evenly spaced. Stands vary from seedlings
to average heights of 60 ft. Average tree
diameters in these areas are approximately
11 ms.

e

Lakes, rivers and hammock are numer-
ous throughout the surveved arca. The
Atlantic Ocean borders the eastern coast
of Duval, Nassau, and St. Johns counties,
while the south coast of Escambia and
Bay is bordered by the Gulf of Mexico.
Calhoun and Alachua are inland counties.

Survey Results * General coverage results
can be seen by referring to the cosrdinate
graph sheets prepared for each individual
county. However, the effective results
are very interesting and are treated sepa-
rately in the following paragraphs. Figs.
4 to 9 depict the conditions encountered.

TOWER ANTENNAS. L. TO R.,, THE AUTHOR, EXTENSION RANGER

PARNELLE, ASST. ENGINEER GANO, PUBLIC RELATIONS ASSISTANT BOUTWELL, GETTING READY FOR THE ALA_CHUA COUNTY TESTS
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Talk Back Range % Most notable feature of
2-way performance is the positive nature
of radio contact. In every case where the
mobile unit could receive the land station
it was also possible for the land station to
receive the mobile unit.

Interference * No radio signal interference
was encountered during the entire survey.
This may be due to lack of operation by
other services on the frequency of 153.65
me. Image and like effects were not no-
ticeable.

Inductive noises, such as those caused
by power transmission lines, electric
motors, and like devices, were not heard
except in one instance. In the City of
Pensacola, a particularly heavy power
noise could not be cut out with the re-
ceiver squelch completely closed. This
noise was recorded at night and in the
vicinity of the east Pensacola downtown
district.

Ignition noises from the mobile vehicle
were negligible, although the only noise
suppressing equipment used was a gen-
erator condenser and distributor sup-
pressor.

Transmission Characteristics * Selective fading
did not appear at any time during the
tests. Following the theory that frequen-
cies in this part of the spectrum have
line-of-sight manners of propagation,
records revealed a very definite loss of
signal strength in low areas, and, in-
versely, increases in signal strength for
high points.

Critical points of reception and trans-
mission were definitely found at maxi-
mum-radius areas. These critical areas
are shown in Figs. 4 to 9 on the shaded
portions of the coverage graphs, just out-
side the 10095 coverage contour lines. As
the vehicle moved through these critical

areas reception and transmission were
characterized by chopped-up carrier con-
ditions. When the car was slowed down,
signals were received for longer periods
but they still varied in strength because
the direct and reflected waves arrived at
the antenna in varying phase relations, at
times adding and at other times cancelling
each other.

If the vehicle was stopped completely,
reception and transmission were possible
only if the car antenna was in a favorable
location to pick up transmitted energy.
Under those conditions, contact with the

FIG. 3. THIS IS THE EQUIPMENT USED IN
THE FLORIDA RADIO SURVEY
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land station could be established by mov-
ing the car forward or backward a few
inches, and 100% two-way communica-
tions were obtained under these conditions
provided, of course, the vehicle was not
bevond the useful range of the land sta-
tion.

Intelligibility * Signals were perfectly under-
standable on the test receivers when the
meter indicated 5 microamperes or more.
This corresponded roughly to distances of
22 to 25 miles from the land station. Sig-
nal strengths below 5 microamperes in
flutter areas were readable with difficulty,
especially when heavily squelched.

Flutter Conditions * It was first thought that
definite flutter conditions always occurred
at the outer perimeter of the critical signal
contours. Fluttering signals were first
recorded at distances of 25 miles in terrain
only a few feet above sea level. Later on
flutter was recorded at 20 miles in rolling
hill country.

After the first thousand miles of test
runs, a definite pattern of flutter condi-
tions evolved. A theory was formulated
whereby it was thought that trees were
the primary cause of flutter. Subsequent
test runs proved this theory correct, and
many interesting angles are opened up for
further investigation. :

Timker Flutter * It was found that Southern
slash and longleaf pine timber stands
produced certain pulsating effects at dif-
ferent vehicle speeds. This effect was so
pronounced that, after a few days prac-
tice, the land station operator could im-
mediately detect the presence of pine
timber stands as the vehicle passed
through forested areas. If the speed of-the
vehicle remained constant, the land sta-
tion operator could usually determine the
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characteristic  features of the timber
stand, such as large-diameter even stand,
or, small-diameter thick stand.

Other outstanding features were dis-
covered during the test runs. For instance
flutter has a peculiar sound for pine tree
conditions, stands of scrub oak produce a
slight hiss preceding cach flutter evele.
Certain pecan groves near the coast pro-
duce a click just preceding each pulse.
During our tests, the operator of the mo-
bile unit was accurately informed from
the land station, on a number of occasions,
as to the type of timber his vehicle was
passing.

Where timber stands were removed
from the roadway for distances of 800 to
1,000 ft. or more, flutter decreased to near
open-field conditions, Open fields and
overwater conditions, where trees were
far removed, did not produce flutter ef-
fects at the land stations. In passing over
long wooden bridges, railings and posts of
dried lumber only a few feet away did not
produce flutter. However, concrete high-
way safety posts near a large lake in
Alachua county did produce flutter. Metal
road side signs and passing cars contribut-
ed to miscellaneous flutter.

Although there has been little time to
investigate the mechanics responsible for
the flutter condition, it is thought that
flutter is the result of energy reflection,
absorption, re-radiation and the overall
mean permittivity of green woods such as
pine and oak.

Day and Night Conditions * Measurements
were made and repeated in several parts
of the state for transmissions under like
conditions. In each case signal levels were
recorded nearly identical to the original.
N0 particular advantage was apparent
during the daytime or at night for the
Florida surveys.
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Weather and Temperatures * 'I'he surveys were
made over a period of more than three
months. All kinds of weather were en-
countered, with the exception of snow
and ice. Temperatures varied from 31° to
101° F., but little change in transmission
and receiving characteristics was noted.

Buildings and Steel Enclosures * With land
stations located in rural areas, severe
swinging of signals was noted in the heart
of the large cities where buildings were
high and traffic heavy. The swing was
most noticeable where the city lay a dis-
tance of 15 to 20 miles away from the land
station. Readability remained fairly good,
however. In this connection, it should be
recalled that the output from the land
station antenna was only 15 watts,

When the mobile station parked under
metal structures, such as filling stations
or grease racks, a definite decrease in sig-
nal strength was recorded at the land sta-
tion 15 miles distant., The reverse occurred
in Duval County on top of the St. Johns
River steel-enclosed bridge, where signal
strengths at 18 miles increased as much as
20 microamps due to higher elevation, and
evidenced no flutter effects.

Antenna Comparison * An interesting com-
parison of land station antennas indicated
that two types will probably be adopted
for use by the Florida Forest Service.
The four types, thoroughly tested in this
survey were: the concentric half-wave,
half-wave dipole, ground-plane, and 8-
element collinear array.

First to be eliminated was the concen-
tric half-wave, which gave poor results
even though two units were tried and
checked carefully. The half-wave dipole
gave surprisingly good results, but was
discarded in favor of the ground plane
and collinear array.

Of all vertically mounted antennas
tested, the ground plane and the 8-ele-
ment collinear gave best results. Theoreti-
cally the 8-element collinear antenna
should give the best results, but due to
the portability features of antennas re-
quired for this survey it was not possible
to construct the collinear for maximum
performance,

At 25 miles the ground-plane seemed to
have a slight advantage over the present
collinear array. The ground-plane as con-
structed for these particular tests is not the
conventional design. The vertical portion
of the antenna was the same as for the
usual ground-plane antenna, but only
three evenly-spaced quarter-wave ele-
ments were used to form the ground-plane.
Resonating this type of ground-plane an-
tenna was not critical in the least.

Field Strength Patterns x 'I'he patterns shown
in the accompanying illustrations are
presented in simple fashion and in a man-
ner which indicates 1009 coverage under
various conditions. Patterns are plotted
to show positive two-way contact areas
within the heavy contour lines. Shaded
areas indicate good two-way communica-
tion when the vehicle was stopped at a
favorable transmitting and receiving
position.

Particular attention is invited to the
maximum signal range which produces
such patterns and illustrating the sharp
cut off features which enable many sta-
tions to operate on identical channels
without undue interference with each
other.

Conclusions * We were justified in our
original calculations, wherein we expected
coverage of 20 miles radius from 100-ft.
observation towers to mobile stations at
CONCLUDED ON PAGE 61)
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MARKET GUIDE FOR 1947 FM SET SALES

FGC List of Gities Where FM Broadcast Stations Will Be Erected This Year Is a Guide for
Planning Distribution and Sales

ALABAMA

8 Cities
ANNISTON
BIRMINGHAM
GADSDEN
HUNTSVILLE
LANETT
MOBILE
MONTGOMERY
TUSCALOOSA

ARIZONA
2 Cities
PHOENIX
TUCSON

ARKANSAS
2 Cities
FORT SMITH
SILOAM SPRINGS

CALIFORNIA
43 Cities

ALAMEDA
ALHAMBRA
BEVERLY HILLS
BAKERSFIELD
BERKELEY
BIG BEAR LAKE
CHICO
EUREKA
FRESNO
GLENDALE
HOLLYWOQOD
INGLEWOOD
LONG BEACH
LOS ANGELES
MARYSVILLE
MERCED
MODESTO
MONTEREY
OAKLAND
ONTARIO
PALO ALTO
PASADENA
REDDING
RIVERSI DE
RICHMOND
SACRAMENTO
SALINAS
SAN BERNARDINO
SAN BRUNO
SAN DIEGO
SAN FERNANDO
SAN FRANCISCO
SAN JOSE
SAN LUIS OBISPO
SAN MATEO
SAN PEDRO
SANTA ANA
SANTA BARBARA
SANTA MARIA
SANTA MONICA
STOCKTON
TEMPLE CITY
TURLOCK

COLORADO
2 Cities
DENVER
PUEBLO

CONNECTICUT

9 Cities

BRIDGEPORT

DANBURY

HARTFORD

MERIDEN

NEW BRITAIN

NEW HAVEN

NEW LONDON

STAMFORD

W ATERBURY

DELAWARE
1 City
WILMINGTON

DIST. OF
COLUMBIA
WASHINGTON

FLORIDA
14 Cities
BELLE GLADE

CLEARWATER
DAYTONA BEACH
FT. LAUDERDALE
JACKSONVILLE
MIAMI

ORLANDO

PALM BEACH
PENSACOLA

ST. AUGUSTINE
ST. PETERSBURG
TALLAHASSEE
TAMPA

WEST PALM BEACH

GEORGIA
15 Cities

ATHENS
ATLANTA
AUGUSTA
CEDARTOWN
COLUMBUS
DECATUR
DUBLUIN

LA GRANGE
MACON
MOULTRIE
NOWMAN
ROME
SAVANNAH
TOCCOA
VALDOSTA

IDAHO
4 Cities
BOISE
NAMPA
POCATELLO
TWIN FALLS

ILLINOIS
26 Cities

ALTON
AURORA
BLOOMINGTON
BROOKFIELD
CANTON
CARBONDALE
CHAMPAIGN
CHICAGO
DECATUR

EAST ST. LOUIS
EVANSTON
ELMWOOD PARK
FREEPORT
HARRISBURG
HERRIN

JOLIET
KANKAKEE
MARION

MT. VERNON
OAK PARK
PEORIA
QUINCY
ROCKFORD
ROCK ISLAND
SPRINGFIELD
WAUKEG AN

INDIANA
16 Cities

COLUMBUS
CONNORSVILLE
CRAWFORDSVILLE
ELKHART
EVANSVILLE

FT. WAYNE
HAMMOND
INDIANAPOLUIS
KOKOMO
LAFAYETTE
MARION
MUNCIE

NEW CASTLE
SHELBY VILLE
SOUTH BEND
TERRE HAUTE

IOWA
14 Cities

ATLANTIC
BURLINGTON
CEDAR RAPIDS
CLINTON
COUNCIL BLUFFS
DAVENPORT

DES MOINES
DUBUQUE

FORT DODGE

KEOKUK
MASON QITY
SHENANDOAH
SIOUX Ty
WATERLOO

KANSAS

7 Cities
GARDEN CITY
HUTCHINSON
KANSAS CITY
LAWRENCE
MCPHERSON
TOPEKA
WICHITA

KENTUCKY
9 Cities

ASHLAND
BOWLING GREEN
HENDERSON
HOPKINSVILLE
LEXINGTON
LOUISVILLE
OWENSBORO
PADUCAH
WINCHESTER

LOUISIANA

7 Cities
ALEXANDRIA
BATON ROUGE
LAFAYETTE
LEWISTON
MONROE
NEW ORLEANS
SHREVEPORT

MAINE

4 Cities
AUGUSTA
BANGOR
LEWISTON
PORTLAND

MARYLAND
9 Cities

ANNAPOLIS
BALTIMORE
BETHESDA
BRADBURY HEIGHTS
CUMBERLAND
FREDERICK
HAGERSTOWN
SALISBURY
SILVER SPRING

MASSACHUSETTS
15 Cities

BOSTON
BROCKTON
FALL RIVER
FITCHBURG
GREENFIELD
HAVERHILL
HOLYOKE
LAWRENCE
LOWELL

NEW BEDFORD
NORTH ADAMS
PITTSFIELD
SALEM
SPRINGFIELD
W ORCESTER

MICHIGAN
20 Cities

ANN ARBOR
BATTLE CREEK
BAY CITY
BENTON HARBOR
DEARBORN
DETROIT
ESCANABA
FLINT

GRAND RAPIDS
GROSSE POINT
JACKSON
LANSING

MT. CLEMENS
MUSKEGON
OwWOSSO
PONTIAC

PORT HURON
ROYAL OAK

SAGINAW
WYANDOTTE

MINNESOTA
6 Cities

MANKATO
MINNEAPOLIS
ROCHESTER

ST. CLOUD

ST. PAUL
WINONA

MISSISSIPPI
4 Cities
CLARKSDALE
GULFPORT
JACKSON
MERIDEN

MISSOURI
8 Cities

CAPE GIRARDEAU
CLAYTON
JEFFERSON CITY
JOPLIN
KANSAS CITY
ST. JOSEPH
ST, LOUIS
SPRINGFIELD

NEBRASKA
2 Cities
LINCOLN
OMAHA

NEVADA
2 Cities
LAS VEGAS
RENO

NEW HAMPSHIRE
4 Cities

CLAREMONT

KEENE

MANCHESTER

PORTSMOUTH

NEW JERSEY
13 Cities

ALPINE
ASBURY PARK
ATLANTIC CITY
BRIDGETON
CAMDEN
EUZABETH
EWING TOWNSHIP
NEW ARK
NEW BRUNSWICK
PATERSON
SOMERSET
TRENTON
WATCHUNG

NEW MEXICO
1 City
ALBUQUERQUE

NEW YORK
38 Cities

ALBANY
BATAVIA

BAY SHORE
BINGHAMTON
BROOKLYN
BUFFALO
CORAM
CORNING
COURTLAND
ELMIRA
ENDICOTT
GLENS FALLS
HEMPSTEAD
HORNELL
ITHACA
JAMAICA
JAMESTOWN
KINGSTON
LOCKPORT
MASSENA
MT. VERNON
NEW BRIGHTON
NEW ROCHELLE
NEW YORK
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NIAGARA FALLS
OGDENSBURG

- ONEONTA

OSWEGO
POUGHKEEPSIE
ROCHESTER
ROME
SCHENECTADY
SYRACUSE
TROY

UTICA
WATERTOWN
WHITE PLAINS
YONKERS

NORTH CAROLINA
26 Cities

AHOSKIE
ASHEVILLE
BURLINGTON
CHARLOTTE
CONCORD
DURHAM
FAYETTEVILLE
GASTONIA
GREENSBORO
GREENVILLE
HENDERSON
HICKORY

HIGH POINT
MORGANTOWN
NEW BERN
RALEIGH
REIDSVILLE
ROANOKE RAPIDS
ROCKY MOUNT
SALISBURY
STATESVILLE
WASHINGTON
WILMINGTON
WILSON
GOLDSBORO
WINSTON-SALEM

NORTH DAKOTA

1 City
FARGO

OHIO
37 Cities

AKRON
ALLUIANCE
ASHLAND
ASHTABULA
ATHENS
BELLAIRE
CANTON
CHEVOIT
CINCINNATI
CLEVELAND
COLUMBUS
DAYTON
DOVER
ELYRIA
FINDLAY
FOSTORIA
FREMONT
HAMILTON
LAKEWOOD
LIMA

LORAIN
MANSFIELD
MARION
NEW ARK
PAINESVILLE
PORTSMOUTH
RAVENNA
ROSCOE
SPRINGFIELD
STEUBENVILLE
TIFFIN
TOLEDO

W ARREN
WOOSTER
WORTHINGTON
YOUNGSTOWN
ZANESVILLE

OKLAHOMA
11 Cities

ARDMORE
CLINTON
DURANT

ENID

LAWTON
MUSKOGEE
OKLAHOMA CITY
OKMULGEE
SHAWNEE

STILLWATER
TULSA

OREGON
6 Cities

ALBANY
ASHLAND
EUGENE
GRANTS PASS
MEDFORD
PORTLAND

PENNSYLVANIA
33 Cities
ALLENTOWN
ALTOONA
BETHLEHEM
BRADFORD
BUTLER
CLEARFIELD
DUBOIS
ERIE
EASTON
HARRISBURG
HAZLETON
JOHNSTOWN
LANCASTER
LEBANON
LEWISTOWN
MCKEESPORT
MEADVILLE
NEW CASTLE
olL CITy
PHILADELPHIA
PITTSBURGH
POTTSVILLE
READING
SAYRE
SCRANTON
SHAMOKIN
SHARON
STROUDSBURG
SUNBURY
UNIONTOWN
WILKES-BARRE
WILLIAMSPORT
YORK

RHODE ISLAND
2 Cities
PAWTUCKET
PROVIDENCE

SOUTH CAROLINA
11 Cities
ANDERSON
CHARLESTON
COLUMBIA
FLORENCE
GREENVILLE
GREENWOOD
LANCASTER
NEWBERRY
ROCK HILL
SHELBY
SPARTANBURG

SOUTH DAKOTA
1 City
SIOUX FALLS

TENNESSEE
9 Cities

BRISTOL
CHATTANOOGA
CLARKSVILLE
CLEVELAND
JACKSON
KINGSPORT
KNOXVILLE
MEMPHIS
NASHVILLE

TEXAS

29 Cities
ABILENE
AMARILLO
AUSTIN
BEAUMONT
BENTON
BROWNSVILLE
COLLEGE STATION
DALLAS
DENTON
FT. WORTH

GALVESTON
GOOSE CREEK
HARUNGEN
HOUSTON
LUBBOCK
LAREDO
LUFKIN
LONGVIEW
MCALLEN
ODESSA

PORT ARTHUR
SAN ANGELO
SAN ANTONIO
TEXARKANA
TYLER
VERNON
WACO
WESTLACO
WICHITA FALLS

UTAH
2 Cities

OGDEN
SALT LAKE CITY

VERMONT
1 City
RUTLAND

VIRGINIA
14 Cities

ALEXANDRIA
ARLINGTON
DANVILLE
FRONT ROYAL
HARRISONBURG
LYNCHBURG
MARTINSVILLE
NEWPORT NEWS
NORFOLK
PORTSMOUTH
RICHMOND
ROANOKE
SUFFOLK
WINCHESTER

WASHINGTON
. 4 Cities
EVERETT
LONGVIEW
SEATTLE
TACOMA

WEST VIRGINIA
9 Cities
BECKLEY
BLUEFIELD
CHARLESTON
CLARKSBURG
HUNTINGTON
LOGAN
MORGANTOWN
PARKERSBURG
WHEELING

WISCONSIN
18 Cities

BELOIT
GREEN BAY
GREENFIELD
JANESVILLE
LACROSSE
MADISON
MARSHFIELD
MERRILL
MILW AUKEE
NEENAH
OSHKOSH
RACINE
RICE LAKE
SHEBOYGAN
STEVENS POINT
SUPERIOR
WAUSAU
WISCONSIN RAPIDS

WYOMING
1 City
CHEYENNE

PUERTO RICO
2 Cities
RIO PIEDRAS
SAN JUAN
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SPOT NEWS NOTES

Franklin Jones: Republican Representative
from Limna, Ohio, has been nominated by
President Truman to succeed FCC Com-
misstoner Ray C. Wakefield, Californian
Republican. Although no action has heen
taken at this time of writing, it is expected
that the Jones nomination will be con-
firmed for a 7-year term starting July 1.

Lea Act Upheld: On June 23, the day the
Taft-Hartley Labor Bill was passed over
the President’s veto, the Supreme Court
upheld the constitutionality of the Lea
Act. Under the provisions of this Act,
it is unlawful for the American Federation
of Musicians to demand double pay when
AM programs are also transmitted over
FM. Presumably, the nets will authorize
simultaneous  AM-FM transmission of
their programs.

- RCA president Sarnoft said at the RM.A
Chicago meeting on June 12: I believe
that the fullest benefits to the public and
the larger opportunities for (FM) sales
will come only when programs now broad-
cast by standard (AM) stations and net-
works are permitted to be sent simultane-
ously over FM stations. Let us hope that
the present-day restrictions, which forbid
this, may soon be removed.” The Supreme
Court ruling makes the “restrictions”
unlawful. The next move is up to the net-
works. That should be simple because
some network affiliates were putting out
musical net programs while the restrie-
tions were i effect.

Price Reduction: Altec-Lansing Corporation
has announced substantial reductions in
net prices of their Duplex and Dia-cone
loudspeakers, effective July 15th.

RMA Officers: New RMA president is Max
F. Balcom, vice president and treasurer of
Sylvania Electric Products, Inc. R. E.
Carlson, vice-president of Tung-Sol Lamp
Works, Newark, N. J., and W. J. Barkley,
execcutive vice-president of the Collins
Radio Co., Cedar Rapids, Iowa, were
elected vice-presidents. Three vice-presi-
dents were reelected. They are: Paul V.
Galvin, Motorola; J. J. Kahn, Standard
Transformer, and Allan Shoup, Shoup,
Inc., all of Chicago. Leslie P. Muter,
Muter Co., Chicago, was reelected treas-
urer for his 13th term. -

Facsimile: Automatic Electric Sales Cor-
poration, W. Van Buren Street, Chicago
7, a Finch licensee, is tooling up for pro-
duction of facsimile equipment. Keith A.
Regel, formerly executive assistant to
president H. F. Lello, is now manager of
facsimile sales. Automatic’s facsimile
units are intended particularly for busi-
ness organizations and telephone com-
panies which plan to offer public facsimile
service.
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New FMA Members: WRAL-FM, Capitol
Broadcasting Company, Raleigh, N. C.:
WGSO-FM, Champion City Broadcast-
mg Co., Springfield, Ohio; WCLT, Advo-
cate Printing Company, Newark, Ohio;
W. M. and C. R. Oliver, Reidsville, N. C.;
KFBK, McClatchey Broadcasting Com-
pany, Sacramento, Calif,

KERA: At Dallas has revised and extended
its operating hours to provide FM broad-
casting in accordance with the needs of
local dealers. Schedule is now 11:00 AM
to 5:00 PM and 6:00 to 9:00 PM. Close
liaison with dealers is being maintained
by assistant manager Ralph Nimmons,
technical development director Ray Col-
lins, and sales promotion director Robert
Summers, with the result that FM set

CO-CHANNEL INTERFERENCE

IN OUR May issue, there was a brief dis-
cussion on this page of co-channel inter-
ference and the related subject of capture-
effect protection in FM receivers.

The reason for bringing up this problem
of receiver design was the recent amendment
to the FCC's "Standards of Good Engineer-
ing Practice” (see FM & T May, '47, pg. 48)
which defines “"objectionable interference”
on the same channel as a ratio of desired
to undesired signals less than 10 to 1.

Our remarks have called forth some dis-
senting comments on this matter. Since it is
the purpose of this journal to serve as a
forum for the presentation and exchange of
engineering opinions, we shall be glad to
publish letters or technical papers on the
very vital problems of co-channel interfer-
ence and the capture-effect characteristics
of FM circuit designs.

sales are climbing steadily in the Dallas
area.

Low-Priced FM Tuner: Pilot Radio Corp.,
Long Island City, N. Y., will shortly
make a bid for the low-bracket FM set
market with a new tuner priced at $29.95
retail. Unit will have 5 tubes, a stage of
tuned RRF, ratio detector, and an output
cireutt to work into the phonograph
pickup terminals of any AM receiver.
Pilot thinking is that this FM tuner will
be bought by owners of expensive AM
phono combinations,

National Radio Week: Set for October 26 to
November 2. FMA president Roy Hof-
heinz and Ben Strouse of WWDC-FM,
Washington, D. C. will represent the FM
end of this occasion.

FM Set Servicing: Recognizing that FM poses
many entirely new problems for service-
men, and that the success of an FM set
line in any area is determined to a consid-
erable extent by the way in which receiv-

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

ers are tnstalled and maintained, Zenith
Radio has set up a series of instruction
classes under the sponsorship of their dis-
tributors. The first, at Morley-Murphy,
Milwaukee, will be followed by others in
Detroit, Buffalo, Williamsport, Pa.; Bos-
ton, New York, Norfolk, Cincinnati,
Memphis, Atlanta, Jacksonville, New
Orleans, Dallas, Kansas City, Minneapo-
lis, Billings, Spokane, Seattle, San Fran-
cisco, Los Angeles, Salt Lake City, and
Denver.

WNLC-FM: Station at New London, Conn.
came up with a bright idea by broadcast-
ing the Harvard-Yale crew races from the
Tide Water Flying-A dirigible, on June
18tl.

NAB Conference: Will be held at Atlantic
City, September 15 to 18. It will un-
doubtedly be the most interesting meeting
that NAB has held. The exhibition hall,
on the same floor with the auditorium,
has twice the floor space of the Palmer
House, Chicago, where the conference was
held last year. Information can be ob-
tained from Arthur C. Stringer, director of
special services, National Association of
Broadcasters, Washington, D. C.

FM Set Design: Rep. Joe Hendricks (D).
Fla.) at the House Appropriations sub-
committee: “What about FM? Does the
FCC have to see that sets are properly
constructed, and not a fraud upon the
public?” To which FCC Chairman
Denny replied:

“We have no jurisdiction over the
manufacture of receivers. If anybody
can do that, it is the Federal Trade Com-
mission. We do this: We have in our lab
every FM receiver that we have been
able to get our hands on. We check them
for a purpose, not of advising the public —
the results of our investigations are con-
fidential — but for our own guidance. It
is important for us to know, in the making
of our FM policies, how we are going to
put transmitters on the air and what these
receivers will do, also what they won’t
do.”

Theatre Television: RCA president Sarnoff,
addressing RMA in Chicago on June 12th:
“There are motion picture people quite
alive to the promise of television in the
theatre as well as in the home. Their
theatres may soon be open to television
equipment developed for service of the
theatre screen. . . . This much is already
evident: the newsreel theatre of today
could readily become the television thea-
tre of tomorrow.”

Philadelphia: Triangle Publications, owners’

of WFIL and WFIL-FM, has purchased
(CONTINUED ON PAGE 54)
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NEWS PIGTURE

['SIC dealers at Chicago couldn’t tell
M whether music came from the piano
before them, or from a remote piano,
playing by radio through this RCA

1
|
4

FM-AM receiver. Each dealer who tried
the test was given a switch, connected to
the lower illuminated panels at the right,
to indicate his opinion. The master of
ceremonies changed the two upper panels
to indicate the actual conditions. Thus,
the audience could tell whether the dealer
taking the test distinguished correctly

July 1947 — formerly FM, and FM Rap10-ELECTRONICS

hetween actual and reproduced tone
quality. One clock showed total elapsed
time, and the other the time during which
the guinea pig’s judgment was right. Most
of those who tried were wrong 50% of the
time. Frequently, it was clear from the
way the lights flashed that the man with
the switch couldn’t make up his mind.

29



/

MAGNETRON: GENERATOR OF CENTIMETER WAVES

The Theory of the Magnetron, and Its Development as a Practical Means for
Generating Gentimeter Waves—Sth Installment

BY J. B. FISK, H. D. HAGSTRUM, AND P. L. HARTMAN

In its first tests at Whippany, the
British magnetron was pulse-operated at
about 10 kv. and 10 amps. peak current.
The pulses were of 1 micro-second dura-
tion and recurred 1,000 times per second.
The magnetic field required was about
1,100 gauss. The magnetron was loaded
with a simple radiating antenna of un-
known load impedance. Under these con-
ditions  the magnetron  generated RF
power estimated at the time to be greater
than 10 kw,

flux-linkage to the cathode structure.
Preliminary British results indicated that
the cathode could be activated properly
and would possess a reasonable lifetime
under the original operating conditions.

The British magnetron had been de-
signed for use with a magnet having a gap
of about 1.75 in.. and a pole face diameter
of 1.25 in., producing a magnetic field of
about 1,500 gauss.

Several of the constructional features of
the British magnetron were new. The

FIG. 46. An internal view of a 700A-1) magnetron (40 kw., 700 mc.) showing the unstrapped reso-
nator system of 6 hole and slot circuits, the cathode, the cathode end disks and support leads, and
the output coupling loop and lead.

The 8-hole and slot tyvpe resonators of
the British magnetron were spaced around
an anode of 0.8 em. radius. The resonator
svstem, machined in a block of copper,
was 2 em. long. [t was unstrapped, strap-
ping not being known at the time, and
in its general features was much like that
shown schematically in Fig. 1.

The output circuit of the British magne-
tron was also similar to that of Fig. 1. It
had no particular transformer properties
designed into it. The vacuum seal, made
of copper, glass, and tungsten, was in-
corporated in the output coaxial line in
very much the same manner as that to be
shown in Figs. 60 and 61,

The cathode was a plain, oxide-coated,
nickel eyvlinder, 0.3 cm. in radius. It had
nickel end disks of 0.5 em. radius, and was
mounted on radial leads passing through
glass vacuum seals like those shown in Fig.
G61. The leads were placed diametrally
across the resonator hole to minimize RF

30

cylindrical block of copper into which the
resonator system was machined was used
as the vacuum envelope. It was closed at
cither end by copper disk cover plates.
The vacuum seal was made during the
pumping and baking process by the alloy-
ing at the baking temperature of gold
rings between the cover plate and block.
The alloying was done at high pressure
provided by a clamp bolted across the
magnetron. Although no getter was used,
satisfactory vacuum conditions could be
maintained after seal-off.

By mid-November of 1940, a number
of working reproductions of the British
magnetron had been supplied in our
Laboratories and to the Radiation Labo-
ratory at M. I, T., and a program of study
of the magnetron oscillator commenced.
The work thus started was continued, on
the one hand, to put the new magnetron
into production and, on the other hand,
to attempt to understand it, improve

upon it, and extend its range of usefulness.

13. Magnetrons for 20 to 45 Cm. * 13.1 The
7004-D Magnetrons: After the British
10-cm. magnetron had been successfully
reproduced and an emergency program of
research and development of multi-cavity
magnetron oscillators commenced, the
question immediately was asked: Can a
multi-cavity magnetron be designed to
operate near 40 c¢m. in the pulsed radar
set under development in the Whippany
radio laboratory? Clearly, there now
existed the possibility of much greater
power than was possible with triodes at
this wavelength with reasonable life ex-
pectancy. The modulator of the radar set
provided pulsed input power to the oscil-
lator at about 12 kv. and up to 10 amps.
peak current.

The performance of the 10-em. multi-
cavity magnetrons appeared to make the
development of such a generator at 40 cm.
feasible. A straightforward enlargement
of the 10-cm. magnetron by a factor of 4
was out of the question, however, as it
resulted in a magnetron entirely too
bulky, requiring a prohibitively large
magnet. The development of the 700-me.
magnetron oscillator thus involved de-
partures from the British design. In par-
ticular, it was found necessary to reduce
the axial length of the resonator system
to a considerably smaller fraction of a
wavelength than in the 10-em. design. The
development involved design of the inter-
action space for maximum operating effi-
ciency, the resonator system, for which
both 8- and 6-resonator structures were
employed, and the output circuit for
coupling into the existing radar system.

An early 700-me. multi-cavity magne-
tron design employed 8 resonators of axial
length less than 1{, wavelength; the 10-
cm. design was about 1§ wavelength long.
Operating models initially produced ap-
proximately 10 kw. of RF power near the
desired frequency. It was found, however,
that a smaller and lighter magnetron
could be made to operate at the same
voltage if the number of resonators wére
reduced from 8 to 6, permitting smaller
anode and cathode radii [equation (16) in
Part 1]. The weight and over-all diameter
were reduced further by use of elongated
holes in the hole and slot resonators. This

% This radar development is discussed by: W. C.
Tinus and W. H. C. Higgins, “Early Fire Control
Radar for Naval Vessels,” Bell Syst. Tech. Jour., 25,
1 (1946).
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TABLE 1— MAGNETRONS FOR WAVELENGTHS OF 20 TO 45 CM.

700A-D 728A-)

Unpackaged Unpackaged*
N 6 8
7e (in.) ... 0.160 0.266
r.,(m)............... 0.689 0.687
h(n)................ 1.576 1.716
Magnet gap (in.)...... 2.980 3.290
Weight (Ib.)....... .. 125 13.0
Resonators....... hole and hole and slot

slot

Unstrapped X (cm.).... 43.0 © ~206.0
Straps................ none double ring
Alem)oo i L 43.0 32.1
F(me/s)er .. o 720-680 970-900
Nearest mode. ... ..... n =2 n=3
A separation (%) ..... -3 ~—=30
Tuning. ... . e o o
AN (o). o — —
Tuner travel (in.)...... — —
Qo . Lo > 5000 ~4500
Qext- vee  siees s aaaea ~280 170
2 ()i ot ~95 ~96
Output circuit......... coaxial coaxial
Vkv).., ..... . .... 12 19.0 21.0 24.5
I (amps.).... ........ 10 19 20 28
B(gauss).... . ...... 650 1000 1i0G 1200
T .o 2 1 1 1
PDS e 1000 1000 1000 1000
Py (KW oo, 40 210 260 400
N7 33 58 62 58
U7 ~35 ~061 ~65 ~61
PF (mc/s).....ouvnnn, ~1.2 2.5 2.5 2.5

§J23 .25 i aJ42 4Js1 5J26
Unpackaeed Uniackazed Ui Utk Ot Uk
8 8 8 6 g 8
0.266 0.218 0.230 0.199 0.266 0.375
0.709 0.582 0.612 0.689 0.687 0.687
2.360 1.940 2.040 1.451 1.500 1.940
3.990 3.540 3.640 2.983 3.200 3.640
16.5 15.0 15.0 16.5 14.5 185
hole and slot hole and slot hole and slot hole and hole and slot
slot slot
~21.S. ~18.0 ~19.0 ~38.0 ~23.5 10.3
echelon wire double ring double ring wire double ring double channc
28.6 22.8 24.0 43.0 32.1 .
1056-10+4 1350-1280 1280-1220 670 to 730 900 to 970 1220 to 1350
n=23 n=3 n=3 n=1 n=1 n=3
~—=20 —20 —20 —16 +4 ~—00
- - — resonator resonator strap
. capacitance capacitance  capacitancc
- — — .2 7. 10.3
- - — 0.100 0.080 0.154
~3200 2800 2800 1600—2500 3500—4500 700—1800
150 170 180 285 215 210
~95 94 94 87 95 82
coaxial coaxial coaxial coaxial coaxial coaxial
16.5 19.0 24.5 15.5 22.0 26.5 16.5 23.0 27.0 12 0 230 27 27
20 24 33 25 40 48 25 40 46 9 20 46 46
800 900 1100 900 1200 1400 900 1200 1400 650 1100 1400 1400
1 1.5 1 1.5 1 5 1.5 1 S 1.5 1 1 5
2000 1000 1000 1000 1000 200 1000 1000 200 2000 1000 1000 200
170 250 475 175 440 o040 200 470 700 30 285 600 000
55 55 59 45 50 50 48 51 56 28 62 48 48
~58 ~58 ~62 48 53 S3 S1 54 60 32 65 58 58
3.0 3.0 3.0 3.4 3.4 34 3.0 3.0 3.0 1.2 1.9 3.0 3.0

change resulted in the resonator system
used in the 700A-D magnetrons, Figs. 1
and 46. Each hole was made by boring
two intersecting cylinders in the resonator
block, Fig. 46. No difficulty was encoun-
tered in achieving the desired frequency.
The frequency differences between the
four coded magnetrons near 700 me. were
achieved by variation of the resonator
slot width.

The separation of mode frequency be-
tween the » = 3 mode (1 mode) and the
nearest other mode is of the order of 3%.
Although this is small compared to that
obtainable in strapped magnetrons. it is
greater than that for the early unstrapped
magnetrons near 10 cm. This was re-
flected in greater operating efficiency.

.The cathode in the 700A-D magnetrons
was supported, as in the British magne-
tron, by radial leads extending across the
center of one of the hole and slot reso-
nators. The cathode diameter was varied
in an experiment designed to determine
the value for maximum operating effi-
ciency. Early experiments of this type,
involving measurements of output power
and efficiency, were quite crude, and con-
clusions from their results were by no
means as significant as those based on
measurements of frequency. The primary

_ difficulty lay not in the actual measure-

ment of power or voltage but in the fact
that the magnetrons were not loaded in a
reproducible fashion. It was considerably
later that load impedance measurements
were made and used in evaluating magne-
tron performance. In many early studies

. the effect of load on operation was not

sufficiently disentangled from the effects
of other things. In spite of these inade-
quacies, however, it was generally pos-

sible to distinguish a good design change
from a bad one, and much of value was
gained in early work.

The cathode diameter used in the
700A-D magnetrons is given in TaBLE I,
along with other data on these and other

It is driven by direct coupling to the anode
segment and by coupling to the magnetic
flux linking the two adjacent resonators.
The output circuit was not designed to
operate into a matched output line, how-
ever, and it was necessary that external

EFEIIIETTS
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i

(@)

(b}

FIG. 47. A schematic diagram of the type of coaxial output circuit used in a number of magnetrons

of wavelength 10 cm. or greater. Of particular interest are the means of contact-free or choke

coupling employed in the inner and outer conductors, consisting of a folded concentric line section

which presents zero impedance at the gap. in the conductor. (a) and (b) represent two variations
of the choke in the outer conductor, as explained in the text.

magnetrons in the 20- to 45-cm. wave-
length range. It should be noted that the
optimized ratio r./r, is 0.300 as compared
to 0.375 in the British magnetron having
8 resonators. Plain oxide coating was used
on the cathode. Life expectancy is thou-
sands of hours.

As may be seen in Fig. 46, the output
coupling is accomplished by means of a
loop in the end space of the structure. The
loop is connected to an anode segment.

July 1947 — formerly FM, and FM Rapio-ELECTRONICS

impedance transformation be incorpo-
rated into the load line.

Mechanical construction of the 700.\-D
magnetrons involved techniques like those
described above. The input and output
leads included copper-to-glass-to-tungsten
seals much like those in the reproductions
of the British magnetron. The end covers
were sealed to the resonator body by
means of the gold ring technique em-
ployed in the British magnetron.
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EXHIBIT A=The CONTI}

High on the list of doubts—that have fallen one by one—
about FM was the doubt that FM stations could be hooked
up into practical and efficient network patterns. This doubt
rested on the sands of unwarranted assumptions like the
claim that FM signals couldn’t be transmitted over the horizon.
These sands of doubt are rapidly running out.

A FORECAST » » »

As long ago as 1943, Major E. H.
Armstrong, FM’s inventor, well known
as an ultra-conservative predictor of
things to come, was asked for a fore-
cast of FM’s future. His reply as
carried in Broadcasting Magazine,

A SURPRISE BECOMES A FACT » » »

On Wednesday evening, March 26,
1947, under the leadership of Major
George S. Howard, commanding offi-
cer and conductor, the 65 piece
Army Air Forces Band Concert Or-
chestra was playing to a capacity
house in the Department of Interior
auditorium in Washington, D. C. But
besides those listening in person,
thousands of surprised and delighted
people scattered over a dozen states
from Virginia to Maine were "present
by ear’ at the concert, and they
heard it with a clarity that was
virtually the equivalent of really
being there in person. All this, thanks
to the experimental efforts of five
FM stations which had hooked them-
selves up by air and by wire to form

A MATTER OF RECORD » » »

Of more importance than to predict the
future of the Continental Network is to
point out that what it has demonstrated can

be- duplicated in the form of area and -

regional networks elsewhere in the United
States.

By reason of station-to-station relay by
air alone, FM networks are highly flexible

April 26, 1943 was: "Were | to
make any prediction (on the matter
of FM networks) it would be that
the ease with which relaying can be
accomplished and the excellence of the
performance will be the next surprise.”

the first FM network.

From this beginning the "Continental
Network” has grown, through three
months of experience, to the point
where on Thursday night, June 19%th,
18 stations carried the hour-long FM
network broadcast of the USAAF .
Band, 90 pieces strong—plus a 33
male voice chorus and baritone soloist
—direct from Bolling Field. The qual-
ity of the broadcast, whether carried
by 8 k¢ plus wire line or relayed
direct from station to station by air
has created great interest and en-
thusiasm. The experiments to date
have undeniably established the
practicability of FM networks.- They
are no longer predictions, but—

as has been demonstrated even with low
power. Twelve more stations between Wash-
ington, D. C., and Chicago could join the
Continental immediately —and may do so.
As more and more FM stations dot the
U. S. map there is no practical reason what-
ever why we cannot have, not one, but many
national as well as regional FM networks.

FM anp TrELEVISION



ENTAL FM NETWORK

- OVER—THE—HORIZON

One of the radio links in the FM
network is from W2XMN, Alpine,
N. J. to WCBA, Schenectady, 129
airline miles away and
approximately a mile ‘below the
horizon.”

|
W STATION ARRANGEMENT

in the
CONTINENTAL NETWORK
as of broadcasts for
JUNE 19, 1947

STATIONS CONNECTED BY
8 KC PLUS TELEPHONE
CABLE (solid lines)

WASH=FM, originating station
WFIL-FM, Philadelphia, Pa.
W2XMN and W2XEA, Alpine,
N. J.
WNBF-FM, Binghamton, N. Y.
WSYR-FM, Syracuse, N. Y,
WHFM, Rochester, N. Y.
WBEN-FM, Buffalo, N. Y.
WHLD-FM, Niagara Falls, N. Y.

STATIONS CONNECTED BY DIRECT RADIO PICKUP
(dotted lines)

WWHG, Hornell, picks up from WHFM, Rochester
WKNP, Corning, picks up from either WWHG or WNBF-FM
WIZZ, Wilkes Barre, picks up from W2XMN
WBCA, Schenectady, picks up from W2XMN
WIBX—FM, Utica, picks up from WBCA
WIBB, New Haven, picks up from W2XMN
*WDRC-FM, Hartford, picks up from W2XMN
WGTR, Mt. Paxton, picks up from WDRC-FM
WMNE, Mt. Washington, picks up from WGTR
*Through the courtesy of Franklin WIXHR, Cambridge, picks up from WGTR
Doolittle, WDRC-FM, Hartford is
acting as a link to relay the Conti-
nental programs to the Yankee
Network FM stations.
FOR FURTHER DETAILS and specific information on these experimental FM network broadcasts, communicate
with EVERETT DILLARD, THE CONTINENTAL NETWORK, INTERNATIONAL BUILDING, WASHINGTON, D. C.
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The T00A-D magnetrons are limited in
frequeney to the four 10-me. bands be-
tween 680 and 720 me., respectively.
These magnetrons operate at 12 kv. and
8 amps, peak enrrent input at a magnetic
ficld of 630 gauss. Over-all efficiency
ranges between 30 and 409, which is
better, as has been explained, than that
attamed with unstrapped 10-cm. magne-
trons. Other data of interest are given in
Tasre 1.

One feature which is immediately ap-
parent from the rated operating condi-
tions of the 700A-1) magnetrons is the
fact that the ratings are not nearly as high
as one might expeet from the size of the
magnetron. Back bombardment of the
cathode at considerably greater input
power could casity be handled. The iffi-
culty lay in the fact that it was impossible
to drive the magnetrons in the ™ mode to
much greater currents than the rated
currents. If the attempt is made to drive
the magnetron harder it either refuses to
oscillate at all or oscillates in another
mmode. This phenomenon has been the
single deterrent in the development of
higher-power magnetrons at wavelengths
greater than 20 em. It is now recognized
as a starting time phenomenon, having to
do with the rate at which osctllation huilds
up and the rate at which pulse voltage is

FIG. 48. An external view of a 728A-J iagnetron (275 kw., 930 mec.). The concentric cylindrical
sleeve Lo he seen inside the output cireuil coupling, from which the magnetron is supported, is a
part of the choke, Fig. 47. Note the heavy glass protective housing over the input leads.

of which arose because of its size. The
oxide coated cathode, having a relatively
large surface area, gave off a considerable
quantity of gas during cathode activation.
In as much as the massive copper anode

FIG. 49. A sectioned 5J23 magnetron (275 kw., 1050 me.) showing, among other things, the
echelon type of wire strapping and coaxial oulput circuit with contact-free load connector.

applied (sce Section 10.6 Oscillation
Buitldup — Starting). What has been done
in studying the phenomenon and in mag-
netron design to circumvent it will be
discussed in some detail in connection
with the 5J26. the tunable replacement
for the 4J21-30 series.

Quantity production of the 700A-D
magnetrons presented new problems. all
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could be outgassed only by a long baking
process at temperatures helow the, soften-
ing point of the glass parts, difficulty with
magnetrons going soft after seal-off was
encountered initially.

The development of the 700A-D mag-
netrons was carried on simultaneously
with early studies at 10 em. and with the
early attempts to produce power at 3 cm.

A number of auxiliary experiments were
undertaken which, although they were
not a part of the specific magnetron de-
velopment, contributed results of con-
siderable value complementary to those
obtained at the shorter wavelengths. In
particular, these experiments had to do
with the technique of measurement and of
magnetron scaling.

Before the invention of straps, the
700A-1D) magnetrons were scaled to 10 cm.
to explore the possibilities of a more efhi-
cienl magnetron design at this wave-
length. Straps were introduced before the
completion of the experiment. The re-
sultant  strapped magnetron having 6
resonators was very eflicient — 0% -
but required a high magnetic field as can
be seen by referring to equation (16) of
Part 1. Like other magnetrons, the
700A-D became much more efficient when
strapped. At the normal test point the
efliciency ranged around 509, while at
higher magnetic field and voltage, 759,
over-all eficieney was achieved. The in-
troduction of straps into the manufac-
tured design was not undertaken.

One further experiment of interest arose
during the development of the 700A-D
magnetrons from the desire to measure
the gas pressure in a sealed-ofl’ magnetron.
The non-oscillating magnetron itself was
used as an ionization manometer. With
the magnetic field set at a high value
above cutoff and under conditions of no
RI oscillation, electrons which arrive at
the anode can do so only after having lost
energy by collision with a gas molecule.
Under these conditions the anode current
is directly proportional to the pressure.

Although by present standards the
700A-D magnetrons might appear some-
what crude and inadequate, they never-
theless have an important place in the

(CONTINUED ON PAGE 59)

FM anp TELEVISION




ENGINE-T0-CABOOSE M

SPEEDS PERI

SHABLES

Missouri Pacific Uses Radio to Avoid Delays on
Red Ball Freight Bound for Dupo Terminal

BY RAY MAXWELL *

F HOUSEWIVES in St. Louis, Chicago,

Cleveland, New York and other north-
ern and eastern shopping areas have been
buying vegetables and citrus fruit that
scemed to have an unusual garden fresh-
ness recently, perhaps it was because
trainloads of these perishables from the
Lower Rio Grande Valley of Texas have
been reaching the markets in nnusually
good time. A factor contributing to the
expeditious movement of this red ball
freight is the increasing use of engine-to-
caboose radio in train communication on
the 191-mile section of the Missouri
Pacific Railroad’s line between Alexan-
dria, La., and McGehee, Ark.

The few minutes’ saving in time getting
in and out of sidings and in other instances
may add up to enough time on a late train
to insure its making a close connection
with northern and eastern lines at the
Dupo, Ill., terminal of the Missouri
Pacific. Where such saving in time makes
a close connection possible, it may mean
as much as 24 hours’ earlier delivery at
the destination than would have heen the
case had the connection been missed.

Already, 10 locomotives and 6 cabooses
have been equipped with radio transmit-

" % Missouri Pacific Lines, St. Louis, Mo.

ters and receivers to permit cominunica-
tion between the engineer and conductor
on the long and heavy 75- to 100-car fast
freight trains of valuable perishables. and
on other red ball merchandise trains be-
tween New Orleans and Kansas City.
When it is necessary for these lengthy
trains to enter a siding to meet an oppos-
ing train, or to let a passenger train pass,
front-to-rear radio communication fa-
cilitates the move. The conductor tells the
engineer the exact position of the rear end
of the train with reference to the switch
in both entering and leaving the siding.
and when the rear end is in the clear. This
often saves long walks by a member of the
crew to transmit hand signals. which are
difficult and often impracticable on long
trains, especially in curved track territory,
or during adverse weather conditions.
Train radio has also simplified the
checking of train orders between the con-
ductor and engineer. as well as the routine
matter of getting signals to the head end
when the flagman has returned after hav-
ing performed his duty of protecting the
rear end of the train. The conductor, with
the hand-set of his radio in the caboose,
calls the engineer and tells him to “let 'er
roll”” the moment the flagman is aboard.

FIG. 1. LOUDSPEAKER ABOVE ENGINEER IS
USED FOR INITIAL CALLING, BUT THE
HANDSET, FIG. 3, IS FOR CONVERSATION

Train radio has served a useful purpose
in avoiding the use of the conductor’s
air valve in the caboose for stopping trains
in case of emergencies. On long freight
trains moving at slow speed, as out of a
siding. setting the air from the rear has
often caused break-in-two’s, resulting in
serious delavs, and damage to cars and
their contents. Radio enables the conduc-
tor to advise the engineer immediately of
hot-hoxes, dragging equipment, shiiting
loads, or other defects discovered from the
rear end, so that the train can be stopped
by the engincer, and without use of the
conductor’s valve in the caboose.

Switching moves are being arranged
by conversation on the train radio, he-
tween the conductor and the engineer,
avoiding long walks by members of the

FIG. 2. INSTALLATION OF THE STEAM TURBO-GENERATOR THAT SUPPLIES THE LOCOMOTIVE EQUIPMENT. FIG. 3. ENGINEER’S POSITION




crew. When an unscheduled stop is made
by the engineer because of some mechan-
ical condition on the engine, or for other
reasons of which the conductor is not
aware, tlie engineer has been able to in
form the conductor, tell him the estimated
duration of delay, request help if required.
and often permit time for a thorough in-
spection of the train by the erew. Time is
also saved in making terminal and on-line
air broke tests. by getting prompt action
through use of the radio in setting and re-
leasing brakes, mstead of depending on
hand signals.

These are but a few of the many ways
i which front-to-end train radio has al-
ready proved itsell a time-saver in fast-
freight operation. It may be a matter of
only 20 to 40 minutes total time saved.
but if that saving enabled the train to
reach its destination in Dupo, TIL., for
example, where these Valley perishable
“blocks™ make connections with other
castern and northern lines, then the cars
can be switched over at once and continue
on thewr journey. A 30-minute delay, some-
times less, may mean that the other train
has departed, necessitating a lavover of
anywhere from 6 to 24 hours. Refrigerator
cars in the late arriving train may then
have to be switched around for re-icing
to atlord continued protection to the load,
thereby running up handling costs, anl
perhaps risking a lower price becauss of

FIG. 4. ANTENNA USED IN CONJUNCTION
WITH THE CABOOSE TRANSMITTER-RE-
CE!VER

lower quality on the next day’s market.
Missouri Pacific is licensed by the FCC
to operate its train radios throughout 12

B
o
3

states on 160.41 mc. The sets have a work-
ing range of approximately 5 miles. The
engine-caboose sets in use, and those vet
to be installed, have been built by the
General Railway Signal Company, Roch-
ester,.N. Y., especially for railroad use
to operate under the most trving condi-
tions. As the accompanying illustrations
show, a transmitter and a receiver are
mounted in a steel case bet ween the trucks
of the locomotive tender, with the loud-
speaker, handset, and controls within
convenient reach of the engineer in
the cab. Power is supplied by a com-
pact. weatherproof, steam turbo-generator
mounted on the engine boiler. The one
antenna used for both transmission and
reception is mounted on the brakeman’s
cabin, or doghouse on top of the tender.

The necessary wires are carried be-
tween the generator and the cab to the
equipment under the tender through a
10-conductor cable having a massive
connector which is opened up when the
engine and tender are separated for neces-
sary shop repairs.

The coaxial cable to the antenna on the
doghouse roof is carried up through the
inside of the tender tank in a 2-in. conduit
welded to the bottom of the tank. It was
necessary to provide a slip sleeve joint on
the top end of the pipe to permit it to
move up and down with the undulating
motion of the bottom of the tank, due to

FIG. 5. INSTALLATION AND WIRING IN THE CABOOSE. LOWER CABINET WILL CONTAIN WAYSIDE STATION-TO-TRAIN EQUIPMENT
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FIG.6. TRANSMITTER-RECEIVER ASSEMBLY FOR THE LOCOMOTIVE 1S MOUNTED UNDER THE TENDER, BUT IS READILY ACCESSIBLE

the surging water in the tank when the
engine is in motion.

The radio equipment in the caboose is
the same as in the engine, but with
steam available there for a turbor-gen-
erator, power is furnished by an electric
generator, belt-driven from the truck
axle, as on passenger cars. The antenna is
mounted on the roof of the caboose for-
ward of the cupola. To provide power for
the radio while the caboose 1s standing,
storage batteries are used. These are re-
charged when the caboose is set off at
terminals where special facilities for this
purpose are provided.

In the cabooses, facilities for the in-
stallation of additional equipment are
being readied to afford another type of
communication. This will be the inductive
carrier system utilizing the telegraph
wires beside the track as the antenna from
which the carrier equipment in the caboose
can receive and send messages to 7 way-
side stations between McGehee, Ark.,
and Alexandria, La. This complicated
equipment is on order, and the waysile
stations are ready to receive the material
when it is delivered.

First tests of radio by the Missouri
Pacific were made early in December,
1944, when sets were installed in a yard
switch engine in St. Louis, and a fixed
station temporarily erected in the general
office building.

In March of that vear the first real tests
of front-to-rear communication by radio
were made in the same territory to which
the 10 engines and cabooses with the per-
manent installations are now assigned.

This territory was selected as a further
and continuing proving ground for train
radio because of the operating conditions
there. The line has a very dense flow of
freight traffic, and with larger engines
pulling longer trains, especially the perish-
ables from Texas and New Orleans gate-
ways. every means to expedite the move-

BATTLE OVER TELEVISION
FREQUENCIES ON AGAIN

HE FCC conference held in Washing-

ton on June 10 and 11 for the purpose of
discussing interference between television
and the safety services reopened the
question of keeping television on the
lower channels. According to the alloca-
tions plan issued May 17, 1945, 1t is to
share with 2-way communications.

At this time of writing, the transcript
of testimony at the conference is not
available, and the only comment re-
ceived here is a copy of a letter addressed
to FCC Chairman Denny, and sent also
to members of Congress, by Zenith Radio
president E. F. McDonald, Jr. In this
letter, he said in part:

“At the FCC television interference

July 1947 — formerly FM, and FM Rap1o-ELECTRONICS

ment of this traffic was to be encouraged.
Present installation plans call for equip-
ping 15 engines and 15 cabooses. The work
of completely reconditioning the cabooses
before installation of the cabinets and
conduits for the wiring has been going on
in the Missouri Pacific’s North Little
Rock Shops. The communications equip-
ment itself is installed at McGehee, Ark.
All work is being done by the railroad’s
shop forces. Maintenance and periodic
checking and testing are handled by em-
ploves especially trained for the work.

conference vou held this week it was
obvious that a serious mistake was made
in placing television in the 50-mc. band.
even temporartly. Witness after witness
testified that television, sandwiched here
between police, amateur. mobile phone,
and FM channels was being interfered
with by all of these services. The testimony
indicated that television cannot render
even a good femporary service on this
band.

“However, the interference now pla-
guing television on this band is trivial
compared to what will happen when new
stations now authorized take the air.
Then there will be intolerable interference
between television stations in different
cities assigned to identical channels. We
now have abundant evidence of frequent

(CONTINUED ON PAGE 58)
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M ANTENNA USES WAVEGUIDE PRINCIPLE

High Gain and Freedom from Icing Losses Are Features of New Design

HAT seems to be the ultimate in

simplicity of design for an FM broad-
cast antenna is the new tower type. shown
in the accompanying illustrations. This is
a development of The Workshop  As-
soclates, an organization of antenna speci-
fists formed during the war. If the ap-

* President, The Workshop  Associates, Ine,, 66
Necdhum Street, Newton Highlunds 61, Muss,

WAVEGUIDE TYPE OF FM ANTENNA RE-
DUCES LOSSES FROM ICING TO A MINIMUM

38

BY GARDINER G. GREENE *

pearance of this radiator suggests over-
simplification, it is because the construe-
tion requires only two short waveguide
sections arranged 90° to each other, and
fed 90° out of phase. The sections are
mechanically secured and eleet rically con-
nected to supporting plates at the top
and bottom, as the scale drawing shows.

The only insulation required in the
entire antenna structure is at the center,
where the feed lines are connected. This
virtually eliminates the problem of icing,
since the high-voltage points are separated
by an air gap of 15 ins. Wind resistance
and the area on which ice or rime can
build up has been cut to an irreducible
minimum in this structure.

The gain for a single bay is approxi-
mately 2, comparable to that obtained
from conventional arrays with 3 bays and
half-wave spacing. Thus the weight and
windload are considerably less than for
other structures giving equivalent gain.

Actually, the complete antenna il-
lustrated weighs only 183 Ibs., exclusive
of the beacon carried at the top. The
four vertical-clements are heavy alumi-
num alloy channels, while the end plates
are aluminum castings. The erection can
be handled casily by 2 workmen, without
the use of the usual elaborate rigging. s
a result of the low weight and wind load-
ing, a lighter and less expensive support-
ing tower can bhe used.

The first of the tower type antennas
has been installed at FM station WCFR,
Fall River, Mass. Initial deliveries are
being made on the single-bay structure.
However, additional sections will be avail-
able. If a single bay is installed, and a
second added later, the second will be used
as a support for the first. The gain for
two sections is calculated at approxi-
mately 3.5, although no actual measure-
ments have been made vet,

Dimensions are given in the accom-
panying drawing for the 88- to 108-mc.
type. All tuning and adjusting is done at
the factory. Aecurate standing-wave radio
measurements are made, and complete

MORE FM CHANNELS

rLy lst ended the period during which
J 1 elass B channel out of 5 was reserved
in each area where at least 53 were as-
signed, and all class .\ channels Nos, 297,
298, 299, and 300 were reserved. Thus,
channels are now available for 100 addi-
tional FM stations, distributed as follows:

ALA. Birmingham 1, Mobile 1
ARIZ. Phoenix 1

b
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| SUPPORTING/

STRUCTURE
WEIGHT WITHOUY BEACON = 183 LBS.

SCALE DRAWING OF A SINGLE-SECTION OF
THE WAVEGUIDE-TYPE FM ANTENNA

data is furnished to the station. Tests
already completed show that the azimuth
pattern is circular with a ratio of less than
1.1 to 1 in. radiated power.
ARK. Ft. Smith 1, Little Rock 1
CALIF. Fresno 1, Los Angeles 4, Sacra-
mento 1, Salinas 1, San Diego 1, San
Francisco 3
COLO. Denver 2
CONN. Hartford 1
D. C. Washington 2
FLA. Jacksonville 1, Miami 1
GA, Atlanta 1
ILL. Chicago 3, Peoria 1
(CONCLUDED ON PAGE 58)
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facsimile

—finch

Fineh Felefiur

provides high-speed, accurate

communication . . . by wire or radio

Finch Telefax Duplex Unit transmits or receives exact facsimiles of written or
printed messages, drawings, photographs, signatures, etc. Leased wire rates are
authorized under A.T.&T. tariff, F.C.C. No. 135, effective May 4, 1946.

Also Make:

FACSIMILE BROADCAST TRANSMITTING EQUIPMENT
FACSIMILE HOME RECORDERS
MOBILE FACSIMILE RECORDERS
FACSIMILE DUPLICATING MACHINES
FINCH ANTENNAS FOR FM STATIONS

FINCH TELECOMMUNICATIONS, INC.

Address all inquiries to Sales Office
10 EAST 40th STREET - NEW YORK 16, N. Y.
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~U. S. COMMUNICATIONS SYSTEMS: Part |

Directory of Railroad, Municipal and Gounty Police, State Police, Fire, and Forestry Systems
Licensed by the FGC. This Directory Includes Revisions and Additions to June 30, 1947

RAILROADS

ALTON & SOUTHERN 3105 Missouri Ave 12,
St. Louis Mo
WIEKS 158 79 F
ATCHISON TOPEKA & SaNTA FE 38 St &
Cntl Pk Ave Chicago
WRPK 160.65 I
WIlJL 160.65 F
47 KCFK 160 65 I°
I WIHIK 160 65 F
56 WRQI 160.65 1
2nd & Santa e Sts Los Angeles
KCKB 161 37 I
1001 3rd St San Francelseo
KOCKC 161 37
30 & Powell Sts Argentine Kans
KCKD 159 45 I
BALTIMORE & OHIo Baltimore & harles
Stz Baltimore Md
S5 WTUK 159.27 F
New Castle I’a
WBOR 159 27 ¥
Locust Pt Baltlmmore Md
WRTO 160 41 P
BERSEMER & LAKE IERIE 700 Unlon ‘T'rust
Bldg Plttsburgh Pa
2 WBRR 161 91 I
1 WRYK 138 43 I
2 WRYL 158 43 IF
BosToN & MAINE 150 (‘auseway St Bos-
ton Mass
5 WRIQ 160 11 I° -
Mechanlesville N Y
WRKC 160 11 ¢
CHESAPEAKE & OHI10o General Motors
Bldg Detroit Mich
5 WPMQ 161 49 F
6 WRKK 160 11 F
wnBBT 161 49 17
fLLudington AMich
WRKN 160 11 I
Manitowoe Wis
WRLU 160 11 ¥
Milwaukee Wis
WRAMD 160 11 I¢
Newport News Va
WOCRR 158 55 F
823 K Main St Rlehmond Va
15 WOSK 158 65 F
CHICAGO BURLINGTON & QUINCY 347 W
Jaekson Blvd Chicago
WIAL 159 69
30 WBBD 159 69 1
25 WIAFR 139 69 ¥
CHICAGO  INDIANAPOLIS & LOUISVILLE
Bedford Ind
WRHJ 159 33 1°
608 8 Dearborn St Chicago
2 WRIHL 159 33 I°
Bloomington Ind
WRHN 159 33 F
CHICAGO MILWAUKEE ST PauL & Pac
Union Station Chicago
25 KOCMS 1568 73 1°
2 KMIIN 158 T )
CHICAGO ROCK ISLAND & Pacirie La
Salle 2t Station
WCHZ 161 61 F
42 WHUFEF 161 61 I
Hinsdale
WOHU 161 61 F

silvis 111
WOY 161.61 I°
Blue Island 11l
WOJK 161.61 1°
Bureau 111
wWoJkh 161.61 I°
Kansas C'lty Mo
KCKV 158 55 I°
Topeka Kans
KCKW  [59 33 F
Minneapolis Minn
KC'OA 161 61 ¥
Council Blulfs 1a
KCOG 161 61 F
Ft Worth Tex
KCol 161.61
bes Moines 1a
KOO 161 61 1°
Kansas ity Kans
KCPT 161.61 ¥
DELAWARE LACKAWANNA & WESTERN
Pier 6 North River 1loboken NJ
WK 160.29 10
10 WIlkC 160.29 10
DENVER & RIO GRANDE WESTERN 1531
Stout St Denver Colo
60 KRCU 159 81 F
8 KALJ 160 83 I°
Sth Ave & Osage St Denver (olo
KAEEF 160.83 I
fith & State Sts Alamosa ('olo
KOOk 160 83 F
ELGIN JOLIET & KASTN Whiting Ind
WELD Y 21 I°
ERriE 101 Prospect Ave NW (levind
20 WERL 158.85 I°
Pler 4 Jersey City NJ
WIRP 158 85 F
FLORIDA KAST (CoasT NI 20 St Miarni
WRRG 160,11 1
St Augustine ¥Fla
11 WRRH 160.11 F
GuLF Monu,r:"A: O1110 Merldian ‘Miss

I'yYr 159.03 I
Mobile Ala
2 WWGM 159.03 F
JA(l“ll(.\‘()NVlLLE TERMINAL Co Jacksonville
“la

161.25 F
161.25 F

Wty
WTVG
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INFORMATION ABOUT THIS DIRECTORY

1. Compilation of this Directory was mode possible through the courtesy and coopero-
tion of the Federal Communications Commission. Responsibility for clerical errors, if any,
lies with FM ond TELEVISION magazine.

2. Becouse of the rapid expansion of the communications services, it is no longer possi-
bte to publish the complete Directory, with revisions ond additions, twice a year, There-
fore, Part 2 will appear in Janvary, 1948, Thereafter, each part will be revised once a
year.

3. As for os possible, addresses given here are for control points, ond not for trans-
mitter locations, as in the past.

4. The letter C denotes a County radio system,

5. The number preceding call letters is the number of mobile units. If no number ap-
pears, only a fixed station is licensed under the call fetters shown. In some cases, how-
ever, licensees may not operate fixed stotions, but instead operate mobile wnits in
conjunction with o fixed staotion in an adjacent area. Letters A or F indicate AM or FM
equipment.

6. Under Stote Police, the headquarters station is indicated by Hq. Other locations are
police barrocks. .

12 wrvll 161 25 F
MIssOURI KaNsas Texas Katy Bldg ARIZONA
Dallas Tex Bisbee 5 KRHS 351 A
7 KPFE 159 93 1° C'asa Grande 1 KRQN 35.1 A
KPWY 159 93 ¢ Flagstaff ¢ 5 KQOJ 35.1 F
MIssOURI PaciFic 310 N 13 St st. Louls 1 KFPX 399 F
Mo Florence * 9 KRAC 35.1 A
32 KMPQ 160 41 F Holbrook 8 KICG 3.9 F
NEW YORK CNTRL 466 Lex. Ave NYC Marlcopa ¢ 20 KQXU  35.1 A
65 WNKX 1508 49 I° Mesa 1 KRIZ 30.58 A
Cheektowaga Township NY Phoenlx 34 KGZJ 30.58 A
WNYH 160 41 I Prescott I KNHG 35.1 A
Bethlehem 'Townshlp NY Prescott * 10 KQHM 35.1 A
'NYJ 158.79 I° Saftord ¢ 3 KRJA 35.1 A
Manlius Township NY South Tucson 1 KEVZ 351 A
WNYP 158.79 F 'l‘empe 1 KEYU 35.1 A
WNYX 161.61 I Tucson 9 KQEP 31.78 A
Weehawken NJ I'ucson ¢ 6 KQPW 35.1 A
WDHC 161.67 F \\vlckenl)urg 1 KSMG 399 F
NRTIEN PaciFIc 176 1¢ 5 St St, Paul Winslow 3 KRDW 35,1 A
KNCM  160.35 I° ) 1 KQLEX 2430, A
4 KNCQ 160.35 F Yuma C 6 KADF 35.1 A
PITTSBURGH & LAKE RIE P & L.12 Termi- Yuma 10 KVNR 39.9 F
nal Bldg Pittsburgh
wWsBS T 160.89 1 ARKANSAS
30 WSI'F 161.61 F . , )
McKees Rocks Pa Ark. City C 3 KSDC 31.5 A
WSS 161 61 F Blythvlile 1 KPBA  30.58 A
ST, LOUIR SAN PRANCISCO Ollve & Jeffer- Camden 2 WIXY 31.5 F
son Sts Spriield Mo Dumas KShb 31.5 A
KRRM 161.97 F . Fayetteville 1 KRNQ 30.58 A
15 KRRO 161.97 F Fort Smith 4 KNHA 30.58 A
SEABOARD Alr LINE Tampa Ila Garland C 1 KQMC 2406 A
WRCL  159.33 ¥ Helena 2 KIKS 30.7 F
WRGS  159.33 10 Hope 1 KHSK 35.78 I
Atlanta Ga Llttle Rock 12 KGHZ  30.58 A
WRGT  160.17 F Little Rock C 8 KRGI 31 A
Norfolk Va Martan ¢ 6 KIOC  37.1 F
4 WWSA 158.67 F Mediehee C° KSDD 31.5 A
26 WSNX 159.33 17 Misslsslppl ¢ 14 KPMA 33.5 A
Hamlet NC N. Little Rock 8 KRAL 33.5 A
WSRR 159.33 F Plne Bluff 2 KDBR 37.5 P
WSNA 159.33 I* Plne Bluft ¢ 4 KQGT 30.58 F
Rlehmond Va ’l‘gxarkanu 8 KTAP 33.22 A
WWSF  159.33 F West Helena 1 KUHE 30.7 F
WWsI 159 33 F
Savannah {{-a“ o159 33 CALIFORNIA
WS 59.33 F . ‘
ToLEDO PEORIA & WESTERN Peorla 11 Alameda C { KAKQ 1658 A
WRTP 158.43 I D ﬁP‘I?“
UNIoN Pactrie Kansas Clty Kans (TO KCTK
WRUP 161.85 1° KCTT KPDA
Omaha Nebr Alameda 15 KQBR 35.1 A
25 KRUQ 161 .85 F Albany 5 KGWC 37.78 A
KUCA 16089 F Alhambra 12 KQAH 31.5 A
: 4 KRBQ 31.5 A
O
Anaheim L. .34 A
MUNICIPAL & COUNTY  ihicen 5 KSNW  37.02 4
POLICE Arcadia 9 KQAP 33.5 A
Atherton 2 KQXC 33.78 A
Auburn 3") ﬁﬁ'(%{’ 39.2 i"
Azusa é 3] 39. ¢
ALABAMA BBakersfield 17 KGPS 30.58 A
Anniston 7 WRBD 331 A Bakerstield C 55 KACS 31.78 A
Baldwin ¢ 2 WKUV  37.5 It Banning 2 KQLY 30.58 A
HBessemner 25 WKIU 155,13 F Banning C KQHL 2442 A
Birmingham 93 WPFM 30.58 I Barstow C KSBHB 1714 A
1 WIGG 2382 BBeaumont 1 KQJH 30.58 A
Blount 2 WAQR 37.5 ¥ Bell 4 KPBC 35.5 A
Calhoun 3 WCTM 37.5 F Benicia 3 KQSN  30.98 A
Cleburne 2 WCML 37.5 F Berkeley 73 KSW 37.78 A
Decatur 4 WADN 35.9 I 1 KGIH 37.78 A
Dothan 3 WKAD 35.5 F Beverly Hils 10 KQAI 37.1 A
Etowah 3 WIYU 37.5 F Blythe 2 KAPY 30.58 A
Florence 4 WKUH 35.9 F Blythe C LIOD 2442 A
Gadsden 3 WQIG 30.58 A Brawley 6 KBMP 155.01 F
Huntsville 4 WMKA 35.9 F Brea 3 KADQ 37.34A
Jackson 2 WUAZ 37.5 1 Burbank 18 KQBE 33.5 A
l.ee 2 WCVE 37.5 F 3urlingame 9 KQC 37.22 A
Marshall C 2 WMDO 37.5 F Carmel-by-the-Sea 5 KQFI 35.22 A
Moblle 26 WPGW 3058 A Chleo 1 KQEO 31.5 A
Montgomery 14 WMPM 3058 A Chieo C 6 KBYA 39.38F
Northport 1 WDBZ 35.9 F Chino 3 KQKN 33.22A
Randolph 2 WKVG 37.5 F Chula Vista 8 KQJG 37.34 A
sSelma WASP 2382 Claremont 2 KQRY 33.22A
Shefeld 7 WKIM 33.5 F Coalinga 2 KOFK 33.5 F
Shelby 2 WSFD 37.5 F 1 KIHW 35.22 F
Sylacauga 2 WBVS 33.5 A Colton 4 KQVO 33.22A
Tusealoosa 3 WQIH 359 F Colusa 4 KQRO 39.38 F
3 WIWM 37.5 F Compton 1 KQAO 31.78 A

Coreoran

(‘orona
Coronado
Corte Madera
Covina
Culver City
Daly

Davis

Delano
Dinuba

El Cajon
El Centro

El Cerito

El Monte

El Paso de Robles
Kl Segundo
Llsinore
Liscondlido
Eureka

Fairfax

Falrfield

Fresno

o
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Fullerton
Gardena
Gilroy
Glendale

Glendora

Grass Valley
Hanford ¢ 2
Hawthorne

Hemet

Hermosa Beach
Hillshorough

Hollister

Humboldt C
Huntlngton Beach
Huntlngton Park 1
Imperlal C
Indlo

Indio C
Inglewood
Kensington
Laguna Beach
Lakeport C ~

o
[

—
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L.a Mesa

Larkspur

La Verne

Lindsay

Lodi 10

Long Beach 4?
1

Los Angeles 256

50
1
1
35

Los Angeles C

Los Banos 3

Lynwood 5

Madera C 8

Manhattan Beach 3

Marin C '{

Mariposa C 2

Martinez 8

Martlnez C 50

Marysville

Maywood
Menlo Park
Merced
Merced C*
MIl Valley
Modesto
Modesto C
Modoc C
Monrovia
Montebelto
Monterey
Monterey Park
Napa C

Napa

Natlonal City
Needles
Needles C
Nevada
Newport Beach
N. Inyokern C
N. Saeramento
Qakland

Oceanslde
Ontarlo
Qrange
Oroville
Oxnard
Pacific Grove
Palm Springs
Palo Alto
Pasadena
Perris
Petaluma
Pledmont
Pittsburgh
Pomona

——

—
D IR A S [S DRI ST O P )

g»— — -

—
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Porterville

FM axp

KKNE 37.5 F
KKNJ 37.78 F
KRIV 30.58 A
KQKV  37.34 A
KPCM 33.22 F
KIQH 33.22 A
KPDC 37.5 A
KILZ 35.9 F
KHOG 35.1 A
KEYG 359 A
KAAT 35.5 F
KAAT 35.1 F
KELJ 33.7 A
KNGJ 35.1 F
KQVN 2490 A
KAMM 37.78 A
KROJ 39.5 A
KAGT 39.1 F
KQJL 37.9 A
KGTS  30.58 A
KQHX 33.78 A
KQRM 0.7 A
KDIC 33.22 F
KAGR 30.98 A
KGZA 35.22 F
KRDY 2414 A
KQBN 37.34 A
KQEG 39.1 A
KROB 1674 A

KANQ
KSPH 33.22 A
KDHB 35.1 A
KHCP 39.78 F
KQAL 37.34A
KHPM 39.9 F
KEZQ
KQHJ  30.58 A
KQAD

KNGY 39.5
KQAO  31.78
KQsT 33.1
KBQW 33.1
KQXI 33.1
KGPL 35.1
KGPL  35.1
KNGX 1730

KQBV  31.9
KQDD 31.9
KRGU 31.9
KRVT 31.9
KERL  37.22
KQHK 35.5
KFWH 37.78 F
KRIB 37.9
KSRC 33.22 F
KEZRB 1610
KOBD  37.22A
KQKA 35.22 A
KQCE 35.22 F

KADS .38 A
KADS 39.38 F
KHNJ 5.5 A
KQXV 33.78 A
KQPD 37.22 A
KSOM 37.22 A
KDIO 33.22 F
KQDQ 39.38

KASE 39.38 A
KSYJ 39.38F
KWAG 33.5 A
KQFE 37.9 A
KRLF 35.22 A
KGKR 31.5 A
KNCO 33.22 F
KPNC 155.49 F
KQBF 33.1 F
KNCF 33.22 A
KMXN 17.14 A
KQRN 35.22F
KQAF 37.34 A
KEVE 24.14 A
KQRV 35.22 A
KALT 31.78 F
KOKL 31.1 F
KADI 37.34 A
KQKT 33.22 A
KQBI 37.34 A
KSPQ 39.38 F
KOXC 30.58 A
KAZI 30.58 F
KQAS 37.1 A
KGHK 33.78A
KGJX 3.22 A
KIDW 30.58 A
KQCY 37.1 A
KQCP 37.22 A
KQBT 30.58 F
KNFJ 33.22 A
KALM 17.14 A
KQAU 37.1 F
KQAX 35.1 F
TELEVISION




MUNICIPAL & COUNTY POLICE

Quiney C 5 KBSV 39 .38 F Seymour 3 WMYN 31.5 F Kakaako Fire Sta 1 KIJJ 37 1 K Lincoln 3 WDRBT 31 9 A
Redding 4 KRTM 156.69 F Southington 5 WOQW 155.01 F Kullhi Fire Sta I KIJP 371 Lincoin ¢ 5 WHDBU 30 5 I
Redlands 8 KQFT 33.22A Stamford 5 WPHII 37.5 A Kaneohe 1 KIHAR 1714 A Lincolnwood 2 WSKR 37 1 A
Redondo Beach 3 KTEQ 155.61 F 7 WSVL 37.5 A Kaunakakal 10 KRLB 30.58 A Livingston ¢ 3 WLCI 395 It
Redwood 9 KRAZ 33.78 A Stratford 7 WCBH 30.98 I Kealakakua C 1 KIRU 1714 A Lockport 1 WLIJ 39.5 I
Redwood Clty C KRGX 2 WKSC 30.98F Lahalna C I KENW 1722 A Lombard WTSA
Reedley 2 KRCP 33.5 A Sufneld 3 WCSO 30.7 A Lanaf City C 1 KBSN 1722 A Lyons I wWhey 315 F
Rialto KROG Torrington 4 WKPJ 39.9 F Lihue C 55 KCKT 37.9 F Madlson 2 WAMQK 39.1 I¥
Richmond 47 KRLW 33.78 F Trumbull 3 WJUY 30.98 ¥ Oahu 1 KHAC 1714 A Maine C b
1 KEYZ 31.5 F Wallingford 7 WMIR 399 F Pala C 1 KQXY 1722 A Marengo
Riverside 24 KQJIS 30.58 A Waterbury 31 WMPW 39.1 F Wahiawa 1 KIIAA 1714 A Marlon 2
Riverside C 10 KQSG 30.58 A Watertown 1 WJYX 9.1 I¥ Walluku 1 KADPM 1722 A Marlon C
KERC 24.42A W. IHartford 9 WQJI 31.5 A Waimea ¢ 1 KCKU 37.9 F Mattoon 3
1 KEZE 24.42 A West Haven 4 WBLB 155.25F Maywood 4
Roseville 1 KRPD 35.22F Westport 4 WBLT 33 941 Midlothian 1
Ross } KRPC 33.22 F Wethersfield 2 WABT 331 A IDAHO Rioling 4
Sacramento C 20 KEPN 35.22 A Willimantic I WEGJ 311 F i Monmouth 2
Sacramento 37 KNGF 33.22 A Winsted I WHUo  30.7 F Ada 4 KALIP  37.22 F AMonmouth ¢ 2
1 KSPD 17 .22 A Windsor 1 WLSY 33.1 A Bannock ¢ 3 KAAL 37 2210 Morton Grove 1
1 KHSC 17.22 A Woodbridge 1 WAQX 37.1 F Bolse I KQBD 3722 F Mt. Carmel 2
Sallnas 5 KQHY 35.22 A Bonneville 1 KAOA 37.22 F Mt. Vernon 2
Salinas C 11 KQCO 3522 A DELAWARE Burley 2 KREV  37.22 1 Aft. Vernon ¢ 2
San Anselmo 5 KQBP  33.22 F Caldwell C 5 KEIIK  37.22 A Mundelein 1
1 KOCM 24.90 A Dover 1 WAZO 33.5 A 2 KEHK 37.22F 1
San Bernardino 28 KQAC 33.22 A Milford 1 WMIM 37.50 A Burley C KREU Murphysboro C X
San Bernardino C 49 KSBC 33.22 A New Castle C 2 WTOS 39 .78 F Coeur d'Alene 2 KXIR 30.58 A Nameokl 1 WMKU 391 10
San Buenaventura 14 KACN 30 58 A Newark 2 WNBA 395 F Couer d’Alene C 3 KQGE 30.58 A Naperville 1 WROA 375 A
San Carlos 3 KRGK 33.78 A Smyrna 2 WKRBIL, 3978 F Klmore C 2 KECO 37.22 F Normal I WQIR 1556 13 ¥
San Diego 179 KGDZ 33.78 A Wilmington WRPI 31.5 A (.em o 1 KFEM 37.22 F Northbrook 1 WOQIE 350 A
3 KGDZ 2490 A 64 WWPD 30.58 A Gooding ¢ 1 KCJZ 37.22 1 N. Chicago 2 WRLN  33.22 A
K{{WL %4 90 A .11(11&110 I“ﬂ.l(ls -f :\'qul}}z :§0 2)225 }“ 2 WRLN 3322
2 KHOJ 155.37 F efferson ¢ <C 37.22 10 Oak Lawn 1 WIWZ 33 78 A
San Diego C 25 KQOV 37 34 A DISTRICT OF COLUMBIA Jerome ¢ 2 KAHA 37.22F  Oak Dark 12 WQFL 30 58 A
San Fernando 3 KRMQ 39.5 A Washington 100 WPDW 37 22 F Jerome ] KOKK  37.22 I Oglesby 1 WSRZ 33,04 I°
San Francisco 84 KGPD 39.38F 5 WDCS 395 F Kellogg 3 KIIFZ - 395 T Ottawa 3 WQKN 37, 1A
San Gabriel 5 KQBL  31.5 A I WJHJ  39.5 F Moscow I KQJFE 30 58 A Ottawa C WOQFZ
San Jaeinto 1 KQHV  30.58 A Lorton, Va. Lewiston 3 KSTD 30 58 A Park Ridge 2 WRZD 71
San Jose 100 KGPM 155.13 F Reformatory WLOV 395 F Lewiston ( 3 KRLG  30.58 A Paxton ¢ I WQWT 33 04 17
San Luis Oblspo 2 KRAW 30.58 A Minidoka € 1 KRET 37 22 F Peklin 2 WSTO 33 5 A
San Marino 8 KQDW 35.9 A FLORIDA Moscow 1 KKMT 30.58 A Pekin ¢ 2 WANU 3304 I
San Mateo 10 KQDA  37.22A Nampa 4 KQZS 15501 F Peorla 30 WASE 155 01 I°
San Rafael 2 KSRP 33.22 F Bartow 8 WBPF 15531 I Pocatello 5 KRBL 3058 A 1 WRIM 335 A
Santa Ana 17 KQAK 37.34 A Bellealr 1 WAJT 30 58 A Power 1 KRZIL 37.22 F Peoria 2 WRNK 33.5 A
Santa Ana C 49 KGHX 37.34 A Bradenton 4 WRMO 371 F Fwin Falls 6 KRDZ 37 22 F Peorla Hgts I WMWZ 335 A
Santa Barbara 21 KGZO  30.58 A Clearwater 3 WQOI 3058 A Wallace C KIHIW Peru 1 WOQKM 37 1 A
, KSBP 24 14 A 2 WQOI 30 .58 F Wallace KHFY Princeton C 2 WKPS 33 04 1°
Santa Barbara C 34 KQIR 30 58 A Clearwater C 8 WAKG 33.78F ‘ Quiney 5 WRBIHZ 155 85 I¥
Santa Cruz 20 KGZT 154.77 F 2 WBUW 33.5 A Rlverdale 1 WBMQ 33.78 A
Santa Maria 8 KSMP 30.58 A Coral Gables 7 W'()(‘G 15.7..}_1 r ILLINOIS River lforest 3WQIN 370 A
Santa Monica 44 KQDF 335 A Dade City ' 3 WQHE 307 F _ o X 1 WRIN 37 9 A
B 1 KRMG 33.5 A Dania 2 WQXM 37.1 A Alexander C 1 WKXZ  39.5 F River Grove I WJWs 315 F
Santa Paula 2 KVSL  30.58 A Daytona Beach 10 WRHQ 155.67 F Aledo C 4+ WITWUI 39 5 F Rlverside 2 WOEY O 315 F
Santy Rosa 9 KODG 154 89 F Deland 25 WJQD 154,95 F Alton 6 WOQSR - 30.7 A Rock Lalls 6 WOJQ 155 61 I©
Santa Rosa C 11 KSRH 33.22F Delray Beach 3 WAKFD 359 F Arlington Hgts I WHBNQ  33.78 A Rockfard 1 WPGD 30 58 A
Sausalito 2 KCOS 33 22 F Dixle ¢ 2 WDKX 3l.1 F Aurora 4 WQRM 155 61 F Rockford ¢ 5 WPWC 33 04 1
Seal BBeach 1 KQGX 31.78A Dunedln 1 WBLE  30.58F Bartonville 1 WRHOF 335 A Rock Island 6 WRDIE 155 61 I
Shafter ] KDCZ 33.5 F Fscambla C 7 WPFR  31.1 F Batavia 2 WKDV 355 A St. Charles 2 WSTY 35 5
Signal Hill 2 KQFU 331 A F't. Lauderdale 1 WAKO 30.58 A Bedford Pk 9 WJVI 391 F Salem 1 WAQL
Solano C 25 KBRV 35.22 A Fernandina C 3 WMUW 31.1 F Bedford Pk C L WSKE - 319 A Salem € 3
South Gate 16 KQPY 355 A Fort Myers 2 WFMF 37.1 A Belleviile 3 WQTG 37 1 A Saline 3
<. Pasadena 7 KBSP 33.22 A Fort Pierce 3 WIFPF 355 F Belvidere C 2 WSKO - 2458 A Sangamon ¢ 4
S San Francisco 9 KGIA  30.98 F Galnesville 15 WQFC 156.03 F Bellwood I WKGO  31.5 F Seott ¢ 1 0.
Qtockton 80 KQCR 37.78 A Gulfport 1 WQUT 33.5 A BBensenvitle I WG 37.22 F Skokle B 1
Stockton C 10 KAPH 37.22A Halnes 1 WITW 359 F Berwyn 5 WSVII 33.5 A S, Beloit 1 5
Susanville C 4 KAEX 39.38TF Hallandale I WSVE 37.1 A Bloomington 3 WQRIT 319 A Springfield 5 .5
Sutter C 3 KBQF 3938 F Holly Hill I WBJE 37.1 A RBloomington C WsGQ . Streator 1 1
Torrance 6 KRMF 39.1 A Hollywood 5 WQNL  37.1 A Broadview 1 WDHIL ¥ Taylorville 1 78
Tracy 3 KACO 39.38A Jacksonville 154 WPIG 155.67 A Brookfield 2 WL I Taylorville ¢ 3 7R
Tulare 1 WPDA 30.58 A Jacksonville . ~ Calro ‘l WIPC : A Urbana 4 73
Turlock 2 KQCG 39.38A Beach 7 WJBH 307 F Calumet 2 WRKJIN E Vandalia C 1 94
Tustin 1 KQJA 33.78 A Lakeland 10 WPFT 315 A Calumet Pk 1 WBWG A venice 1V 1
Ukiah 1 KHGV 5 T Lake Worth 12 WLWL 156 .51 F Cambridge ¢ 2 WIKD 3 vermilion C 6 5%
Upland 5 KQKU 33.22 A Leesburg 12 WGPD 375 ¥ Canton 2 WIINB, ) Villa Pk 1 22
Vallejo 22 KGPG 30.98 A Leon C 2 WCGV 331 F Carlyle C 2 WKNW ¥ washington ' 2 5
Ventura C 28 KFOJ  30.58 A Manalapan 2 WMAF 156 .51 F Cary . L Weve ¥ Watseka 5 5
Visalia 2 KQBQ 37.1 A Marianna C 2 WIJQR 395 F Carthage C 2 WAL'A I Wauconda 1 22
Visalia C 17 KAZF 35.1 F Miami 20 WPFZ 155.67 F Centralia 2 WSKZ E Waukegan 1 22
Watsonville 3 KWCP 35.22A 42 WDHI 31.5 F Champalgn 4 WOQIB ¥ S 1
West Covina 1 KREQ 31.1 F Miami Beach 22 WQMA 156 .03 I* Chicago wprbhn A Waukegan ¢ 31 W 22
Westwood C KSDM 17.22 A Ocala 4 WBTW 359 F 201 WPIDX( 2F 5 22
Whittler 8 KGHY 155.73 F Ocala C 10 WKWP 31.9 F WPDHDH A Westchester 1 5
Woodland 1 KAGD 17.22A Orlando 22 WPHM  37.26 A . 89 WQJF A W, Chicago I WhOR 37 22
Yreka KQGZ 30.58A Ormond 1 WMJIL  37.1 A Chicago Hgts 3 WQNZ, 17 Western Spgs 2 WKYZ 315
Yuba City 2 KBQY 30.58 F Pahokee 3 WBNO 155.31 F Cicero 1 WRHC A W. Prankfort T WDOVQ 33 94 1
Yuba C 2 KBQZ 39.38F Palm Beach 2 WPFX 30.58A Collinsville 1 WBLP I Wheaton P WQJV 395 K
Palm Beach C 3 WSSR 31.1 K Creve Coeur 1 WNGG 3F Wheaton ¢ 20 WOJW  37.22 F
Panama City 4 WAZU 37.1 F Crystal Lake 2 WOLY ¥ wil ¢ 2 WJIKO 331 F
COLORADO Panama City C 5 WKRE 311 F Danville 1 WRGQ A Wilmette 3 WDEY 30 7 ¥
7 Pensacola 8 WRGP  30.58 A Decatur 10 WQT I A winnetk L WOQTO 359 A
Boulder 4 KQGA 33.78A . = B SN S tka ! \
3 : Plant City 3 WRFP 355 F Decatur C 3 WASH ¥ Woodstock C 2 WPID 33,9 F
Colorado Spgs 1 KBCS  31.5 & Pputnam C 3 WKGH 311 F  Decatur Pk Dist 1 A
Denver 8 KGPX 33.78 A p - y
KQHT 24,42 A Sanford 4 WQRA 33.1 A {)ﬁs Plalges 3 A
El Paso C 3 KFHR 315 A St. Augustine 4 WQsu 33,1 I 2l {non . A INDIANA
Engl 2 KIU 33.78 A St. Augustine C 3 WFLI 39.5 F olton
nglewood B . St. Petershurg 8 WQMZ 33.5 A Downers Grove 1 A Alexandria 2 WEDX 151 80 I
Fort Collins 2 KQFV  33.78 A Sarasota 6 WEAG 31.5 F L. Moline 1 ¥ Allen C 1T WSKG 30 38 A
Golden C 36 KRSU 39.5 F ¢ o T s = v y 25 W 55 61 IF
Grand Juncti 6 KOXT 33.78A Sarasota C 4 WBYIL 30.7 A 1. Peorla 1 M A Anderson 25 WMPL 155 61 I
rand Junction 22 . Tallahassee 2 WOSX 331 F E. St. Louls 19 I Anderson ¢ 4 WSMK 154 RO F
Greeley 7 KPDG 33.78 A Tampa WEFPT 37.9 I Fdwardsville 1 WKIJ 33 .94 1 Angola C
La Junta KPLJ 24 42 A 3 WPHN 37.78 F Kdwardsville C 3 WQRY 33 94 A Auburn 1
Larimer C 3 KAEU 33.78 A Tampa C 30 WRIM 35 ¥ Elgin 6 WQNO 154 80 F Bedford 2
Longmont 3 KPDL 33.78 A- vero Beach 41 WOGA 155.67 F Elmhurst 3 WQINX 37 22A Beech Grove 1
Pueblo 15 KQCX 30»28 A W. Palm Beach 2 WRZY 5 ¥ LElmwood Pk 1 WIEG 31.5 I Bloomington 2
. KRHY 24.42 A Winter Haven 2 WQFN 35.9 F Evanston 11 WQLO 30 K Bloomington C 1
'?‘t?;lll(rl]ag,d } &ﬁ?}; ;‘;’8 Zgﬁ E;ureka C - ‘f WRBFG 33.94 F Bluffton L
ly R Svergreen WBKI, 33 .78A Bluffton C “
Trinidad © 3 KEHM 30.58 A GEORGIA Flora 2 WILA  33.904F  Cass C 1
Albany 3 WGYE  30.58 A Il:“lossr{)(l))o‘{ }‘ WEKB 33 /82 (('lllntml\ ‘(‘ . .12
Americus WRJW 2414 A ‘ores p X “olumblia ity
CONNECTICUT ‘Athens 3 WMUO 39.5 F Fox River Grove 1 Columbia City ¢ 2
Ansonia 2 WKSS 331 F Atlanta 5) WPDY 156.21 F Franklin Pk 1 Columbus 3
Bethel 1 WHNK 359 A Augusta 22 WQFV 31,78 I Freeport C 4 Connersville 3 )
Bloomfield 1 WLST 33.1 A Bibb C 8 WLAF 30.58 F Galesburg 3 Crawfdsvle P \\v(‘l'l’. 154 8O 10
Branford 3 WMVO 31.1 F Brunswick 12 WQTC 155.61 F Geneva 1 2 WBVG 3058 A
Bridgeport 23 WPFW 30.58 F Columbus WBLV 2414 A Geneva C 5 Crown Polnt 1 W P}" }t 1 F
WKEQ 30.7 F 11 WPFI 30.58 A Glencoe 4 Crown Pt C 3 WAGT 37.1 F
Bristol 6 WIVO 31.1 F 11 WPFI 30.58 ¥ Glen Ellyn 2 DeKalb ¢ 2 WANU 30 58 A
Danbury 3 WSRE 35.9 A Dalton 6 WBPJ 379 F Glen View 2 E. Chicago 11 WRQT 33 91 F
Darien 4 WQYB 33.78 F Decatur C WQS]  30.98 F Granite Clty 2 I WSGP 33,94 A
Derby 1 WDPP 15549 F Dougherty C 4 WDKK 30.98 I Harrisburg 1 Elkhart 13 WBVH  30.58 A
E. Harttord 8 WBXC 33.1 A East Point 10 WBFF 355 F Harvey . 3 Goshen C 5 WSRY 30.58 A
Enfleld 1 WBMW 39.1 A Floyd C 5 WNPQ 359 F Henderson € 1 Elwood 2 WASE 154 89 1
Falrfield 1 WKGF 31.78 F Galnesville 2 WHNX 355 F Highland Pk 5 Evansvilie 35 WQKB 154 89 A
Glastonbury 1 WKVQ 33.1 A Glynn C 8 WQGI  155.61 F Highwood 1 WETS  30.7 A
Greenwich 15 WQLE 399 F Griffin WUET Hiliside 1 Evnsvle 6 WDBXF 30.7 A
WWEF 39.9 F La Grange 2 WQTZ 37.1 A Hinsdale 3 Fort Wayne - 1 WPDZ 154.89 F
Groton 1 WIZY 31.9 F Macon 3 WQFB 30.58 F Homewood 1 WRBST 2490 A
Hamden 4 WHPD 37.9 F Martetta 2 WANT 33.94F Homewood C Irankiin 1 WCQO 154 .89 I
Hartford 46 WQRC 33.1 A Richmond C 4 WGMA 35.9 F Jacksonville 2 Franklin ¢ 2 WOCPN 154,89 P
Manchester 3 WRZP 33.94A Rome 8 WQNQ 359 F Jacksonville C 3 Frankfort R WAKK 154.89 F
Merliden 5 WKSM 35.1 F Savannah 27 QTR 33.1 F Joliet 4 Gary 23 W :‘\bl'. 39.1 F
Middietown 2 WSKV 7.9 A Savannah C 15 WJPE 155.13 F Kankakee C 4 Gosher 5 WSKI 30.58 A
Milford 6 WBLB 31.9 A Thomasville 2 WROH 37.1 A Kenllworth 2 Greencstle 1 WIIHRB 35.1 A
New Britain 9 WRAF 37.1 A Toccoa 2 WHVT 39.5 F Kewanee 2 Hammond 15 WQYK 155.61 I
New Canaan 2 wipy 37.9 F Valdosta 2 WBYB 33.5 A LaGrange 2  WRGW 307 A
New Haven 6 WQFA 37.1 F Waycross 3 WMPF 359 F LaGrange Pk 2 ITuntington 3 WAKA 30.58 A
Newlngton 2 WPLZ 33.1 A Lewlsi‘on C g {iulrl)tnutnl}‘ .lz a ?1'\‘1 ““581;
New London 6 WAKB 31.9 F Lake Forest ndianapolls £ p \
N.v{[aven 1 WKKD 37.78 F TERRITORY OF HAWAII Lansing 1 33 WMDZ 35.22 F
Norwalk 1 WEIS 35.5 F Hilo C 40 KAKD 35.1 A LaSalle 2 Jasper ) 1 \\vJ‘AI 30.7 A‘
Norwich 3 WBXY 39.9 F Honokaa C 1 KAFR 1714 A Lawrenceville 1 Franklin 2 W( PN 154.89 ]4‘
Plymouth 1 WHHL 31.1 F Honolulu KFJD 37.1 F Libertyvllie 1 Jeffersonville 1 WMIHYV 39 l ¥
Rocky HIll 1 WINP 33.1 A 30 KGPQ 35.1 A 1 Kokomo 9 WPDT 30.58 A
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MUNICIPAL & COUNTY POLICE

Kokomo ¢
Warsaw
Lafayette
Latayette ¢*
C'rown Point ¢
LaPorte
Logansport
Anderson
Marfon

Marshall
AMichigan
Mishawaka
Muncie

AMt. Vernon
New Allmny
New Castle
New Castle (*
\uhles\llle
Noblsvlle ¢

N. \lauch(,\wr
Peru
Plymouth
Richmond
Riehmond ¢
Rushville
Shelby ville
Shelbyvle
S, Bend
Angola (*
T'erre Haute
Terre Haute ¢
Valparaiso
Valparaiso
Vincennes
Wabash
Wabash ¢
Warsaw
Warsaw

W. Lafayette
Whiting
C'olumbia City

IOWA

Ames
Atlantie
Bloomtield ¢
Boone
Burtington
Burlington ¢*
Ctarroll ¢
Cedar Rapids

Centervilte
C'ntrvllle ¢
Clarinda

Clinton
C'orning *
Council Bluffs
Davenport
Des Moines
hHubuque
kFairfield

Ft. Dodge

Ft. Madison
Ciuthrie C'tr ¢
Harlan ¢
Towa Clity
Jefferson ¢
Keokuk
Marshalltown
Mason City
Mt. Pleasant
Muscatine

W, Newton
Oskaloosa
Ottumwa
Polk

Red Oak
Ruckwell ('ty
Shenandoah
Sloux City
Waterloo
Sloux City

KANSAS

Atchison
Chanute
Cofteyville
Coffeyville ¢*
Dodge Clty
Eldorado
Emporia
Garden ('lty
Glrard
Gireat BBend
Hutehinson
Independence
lola

lola
Junction City
Junetn (‘ty
Kansas (lty

Kansas City
Lawrence
Lawrence ¢
Leavenworth
Manhattan
Newton

Oswego C
Parson
Pittsburg
Salina
Topeka
Witchlita
Winfield
Winfleld ¢

KENTUCKY

Anchorage
Ashland
Bowllng Green
Covington
Hazard
Henderson
Hendrsn C
Hopklns
Hopknsvle
London C
Lexington
Lexington ¢
Louisville
Madlsonvllle
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Maysville 2 WRPG
Mitehell IHill C 34 WRGJ
I WKJC
Owensboro 13 WRPJ
Paducah 4 WQNP
Shively I WSYK
LOUISIANA
Alexandria 29 KPAL
Alexandria ¢* 5 KHML
Baton Rouge 25 WBRP
Bogalusa 3 WFKK
Crowley 4 KISpP
IZ. Baton Rouge 11 WAME
Franklnton 2 WKKO
Houmna 8 KANX
Lafayette 8 KRRA
Lafayette (* 3 KLFN
Lake ('harles 3 KRKP
Lake Chrls 4 KIHT
Leesvle 2 KHOX
Monroe 3 KPML
Natchitoches 3 WNPD
New lberia 2 KRAV
New Orleans 4 WPEK
Opelousas 2 KVOK
Martinville 1 KHBM
Shreveport 1 KNGO
I8 KNGP
W. Monroe 2 K10Q
MAINE
Auburn 3 WSAH
Augusta I WALR
Bangor WwWJTM
Bath 2 WLBM
Brewer I WAQT
Brunswlck 2 WECT
Houlton 3 WLDU
Lewiston 7 WRQII
Portland 11 WPFro
Presque Isle 1 WPIN
Rockland 5 WILL
Saco I WAIQT
Sanford 8 WMHB
S, Portland I WCAD
Waterville 2 WIYE
Westbrook 2 WAWL
Winslow I WBAG
MARYLAND
Annapolls 2 WANMD
RBaltimore 121 WPIH
Bel Air (* 6 WMHI®
Catnsvle € WMPY
Cheverly * WJLW
Cumberiand 5 WAILY
Dundalk ¢ WAMQG
Eastport ¢ 1 WHRP
Iudgemere * WANHE
kssex WMPT
Ferndale ¢ 6 WJIHS
Frederick 5 WAUNM
I'rederick ¢ 1 WEMQ
Fullerton ¢ WA PU
CGalesville (° WIHRO
(ireenbelt 2 WABYV
Hagerstown 4 WHMD
Hagerstown (* 2 WRHO
Halethorpe WMQE
Hyattsville 2 WAOL
Montgomery 42 WKYX
LaPlato ¢ 2 WCAL
Pikesville (* WMPP
Reistertn * WAMQA
Salisbury 2 WIBVQ
Silver Spg 36 WHMM
Towson C 3 WPFL
Upper Marlboro ¢35 WJLU
Woodlawn ¢ WMPX
MASSACHUSETTS
Acton I WITY
Aguawam 2 WMKZ
Andover 3 WBRJ
Arlington 12 WPED
Athol 3 WBJA
Attleboro 2 WBvV(C
Auburn 1 WBHC
Barnstable C 3 WRAR
Barre WAMQ
Bellingham 1 WBBA
Belmont 5 WRJZ
Beverly 10 WBMP
Bolton 3 WKTJ
Boston 1 WQIF
125 WRAS
1 WAGJ
1 WQRF
1 WQRG
1 WQRH
5 WQRT
Bourne C 4 WRAG
1 WRAQ
Brockton 6 WMPB
Brookline 32 WQKK
Burlington 1 WCAW
Cambridge WKWU
5 WQLF
Carver I WDOF
Chatham C 2 WEWIS
Chelmstord 2 WSTI1
Chelsea 5 WAFL
Chlcopee 5 WBMT
Clinton 3 WQKY
WBGV
Cohasset 3 WpPGU
Concord 2 WRAC
Danvers 2 WRAU
Dartmouth 2 WRJT
Dedham 4 WRNU
Dracut 1 WKTK
Duxbury 1 WDBI
Easthaimnpton I WAMT
Iiverett 9 WAKF
Fall River 9 WAKYV
Falmouth C 3 WQTL
1 WQTM
Fitchburg 7 WPHA
Falrhaven 2 WKFMP
Foxboro 1 WKMF
Framingham 3 WIMG
Franklin 2 WFKB
Gardner 2 WBW2Z
Gloucester 6 WGMP
Greenfield 3 WKQT
Groton 4 WIQN
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Hanson I WBGKF 31.9 F
Haverhill 8 WHGF 155.85 F
Ilingham 3 WQTI 37.1 A
Holliston I WDAMN 35.1 F
Holyoke 15 WQIF 156.57 F
Hudson 2 WEHB 31.78 A
Hull 6 WQYDD 37.1 A
Hyannis ¢ WRJH 39.9 A
Ipswich 2 WMJQ 37.9 A
Kingston WKDX 31.9 F
Lawrence 7 WBLC 399 A
Leominster 3 WBND 335 A
Lexington 3 WBTZ 39.9 A
Lincoln WBOQ 37.9 A
Longmeadow I WRBUI 37.22 A
Lowell I+ WOQNR 37.1 A
Lynn 9 WKLM 33.22F
Lynnfield 2 WLDP 359 F
Malden 13 WsSvVC  33.22 A
Manchester I WBRT 33.044A
Mansfield 3 WAQO 33.78 A
Marblehead 4 WBVZ 335 A
Mariborough I WRTX 39.1 F
Marshfield 2 WJHU  31.9 »
Maynard I WMUL 155.01 F
Medford 8 WPGH 31.78 A
Medway 1 WBBN 37.9 F
Melrose 4 WMEJ 39.9 p
Methuen 5 WBGA  30.7 F
Middleborough 3 WMAH 30.58 F
Millis I WUOEK 37.9 F
Milton 6 WRBA 351 F
Natick 2 WQJH 37.8 F
Nantasket WQYE 37.1 A
Nantucket ¢ 1 WBYJ 399 A
Needham 9 WNPN 33.22 A
New Bedford 7 WPKFN  31.1 F
Newburyport I WBMF 37. 9 F
Newton 1 WBSW 1714 A
23 WPFA 31 .78 A
Norfolk I WRZL 37,9 F
North Adams 2 WQOV 371 A
Northampton 3 WBMB 31.78 1
N. Andover 3 WEIL 35.1 A
N. Attleborough WIEN 33.5 ¥
Norwood 3 WOET 311 F
Osterville (* I WAUV 39,9 A
Pembroke I WAVN 31,78 F
Pepperell 1 WAVN 37.9 F
Phillipston 1 WIEW  31.78 A
Pittsfield 10 WJKH 30.58 ¥
Plymaouth 4+ WQYJ 31.9 F
Provnetwn I WMUZ 399 A
Quincy 30 WQRP 39 1
Reading 3 WQID 37.9 A
Revere 5 WMPR 33.78 A
Rochester 1 WEND 37.9 A
Rockport 1 WQYI 155.01 F
Salem 2 WRCQ 39 38 A
Salisbury 2 WHNS 37.9 F
Saugus 3 WAYU 351 A
Sharon 5 WQS0O 33.1 A
Seituate 2 WQOJ 37.1 F
sShirley I WHIQ 37.9 F
Shrewsbury 5 WBOG  37.9 A
Somerset 4 WKRM 33,1 F
Somerville I+ WPEH 35,1 |
Southbridee 6 WBTV  31.1 A
Southborough WANMX 37.5 A
Springfleid 3 WQMD 39.38 F
Stoneham 2 WRHB 31,1 a
‘Taunton 3 WKTB 37.22 F
Tewksbury I WQTY  37.1 A
‘Tyngshoro 1 WONX 39 5 A
Wakefleld 5 WKWNM 30.58 F
Walpole 4 WHNQ 31.1 F
Waltham 8 WRNA 37.78 A
Ware 9 WAGL 37.5 A
Wareham 2 WSTW  37.9 A
Watertown 2 WBNE 31.9 F
Webster 3 WMKW 33.22 A
Wellesley 7 WQJG 33.78 A
W. Bridgewtr I WMBM 30.98 A
Westfield 2 WAKW 37.9 A
Westford 2 WBVI 37.1 A
Westport 2 WMWP 155.37 F
W. Yarmouth C WRLQ 39.9 A
3 WGRBU 39,9 A
7 WRPW 139.9 A
W. Springtield 4 WFLL 39.38 F
Weston 2 WHTE 33.94 1
Westwood 3 WKYA 31.1 F
Weymouth 4 WBVN 39.9 A
Wilmington 1 WJYI 37.9 A
Winchendon 2 WJHQ 31.9 F
Winchester 1 WQSV  37.22 F
Woburn 3 WAKZ 33.78 A
Worcester WPGX 33.78 A
Wrentham WMGT 37.9 F
MICHIGAN
Adrlan C 5 WGIU 33.1 F
Adrian 2 WWEJ 33.1 F
Alblon 1 WARZ 33.1 F
Algonae 1 WNQT 37.38 F
Allegan C 4 WQGJ 33.1 F
Allen Pk 2 WSKH 31.5 F
Alpena 2 WQKV 31.5 F
Ann Arbor 11 WQRK 35.1 F
Ann Arbor C 23 WBJG 35.1 F
Bad Axe 2 WQGS  33.1 F
Battle Creek 17 WRLM 33.1 F
1 WMLU 33.1 F
Bay City 12 WPGA 39.5 F
Bay City C 3 WEKA 39.5 F
Benton Harbor 5 WSVO 33.1 F
Berkley 2 WRIZ 39.38 A
St Joseph C 2 WSTJ 33.1 F
Birmingham 0 WRIY 155.73 F
Bloomfleld Hllls 6 WQOG 155.73 F
Bloomfield 5 WBBJ 155.97 F
Cassopolis C WUEJ’
Center Line 1 WGBX 39.9 A
Center Line 3 WBNR 39.9 AF
Charlotte C 4 WHNA 33.1 F
Clawson 1 WRJA 39.38 A
Dearborn WQND
Detroit 258 WCK 39.1 AF
4 WAEZ 39.9 A
Dowagiac 1 WJHK 33.1 F
Ecorse 6 WQMH 35.9 F
Escanaba 2 WAYA 35.9 F
Ferndale 4 WRJB 35.5 A
Flat Rock 1 WQZY 37.5 F
Flint 20 WPDF 31.78 A
Grand Haven 2 W30J 33.7@ A
Grand Haven C 3 WOMN 33.1" F
Grand Rapids 9 WPEB 3.78 F
1 WCPX 2442 A
Grosse Pointe 4 WQMT 37.1 A
Grosse Pointe
Woods WRDR 30.58 A

Hamtramck 7WQTD 37.9 F
Hart C 2 WHUJ 33.1 F
Hastings I WAVQ 33.1 F
Hastlngs C 2 WAVO 33.1 F
Hazel Pk 3 WJUG 39.38 A
Highland Pk 10 WNO 33.22 A
Holland 3 WHBM 33.1 F
Huntington Wds 2 WRJC 39.38 A
Jaekson 12 WPH 33.1 F
Jackson ¢ 5 WAUK 33.1 F
Kalamazoo 17 WAMG 33.22AF

1 WIVE 33.22 A

6 WBVU 33.1 F
Lansing 5 WPDL 33.1 F

1 WMLF 33.1 F

I WKWQ 2442 A
Lawrence I WKLN 33.1 F
Lincoln Pk 3 WQLL  3}. 5 F
Ludington C 2 WCSV 33. F

Ludington WLRB

Mt Clemens 7 WRPVY 399 F
3 WSRQ 39.9 A
Marshaill ¢ 8 WBPK 33.1 F
Marine 1 WQXA 37.38 F
Marquette 7 WSLJ 30. A
Marysville 2 WDBM 331 F
Menominee 1 WRZQ 33.5 A
Alidland 7 WBLA 31.5 A
Monroe 2 WQTB  33.22 F
Monroe (* 3 WEUG 33.22 F
Mt Pleasant 1 WLEF 37.38 F
Muskezon 14 WPFC  30.58AF
Muskezon (* 8 WBSU 39.38 F
Muskegon Hgts 6 WBKD 39 38AF
New Haven 1 WBHW 39.9 F
Nlles 6 WRQF 30.58 A
N. Kuskegon 1 WKVJ 39.38 F
Oak Pk 1 WDBK 5.5 A
Orchard Lake 1 WOLX 155.97 F
Ovid 1 WAQN 33.1 F
OWOosso 6 WDDI 33.1 F
Parchment 1 WBXO 33.22 A
Paw Paw 1 WCJI 33.1 F
Pleasant Ridge 2 WRJD  39.38 A
Pontiac 44 WQMG 1.1 AF
Pontiac 20 WQRZ ,155.97 F
Port iuron WPGB .1
River Rouge WROQ 155.49 F
Roseville 39.9 AF
WQMB  39.38 A

Royal Oak
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Saginaw 30 WPES
7 WRNH 31.78 A
St. Clair 5 WSPV  33.1 F
1 WNGF 37.38 F
St Clair Shores 4+ WAFP 399 F
St Joseph 4 WSQM  33.1 F
Sault Ste Marle 2 WCBQ 37,9 F
Southfield 1 WTSW 3 A
South Haven 7 WOGC 155.61 F
South Lyon I WHVI  37.38 F
Spring Lake 1 WMVFEF 37.38 I
Sylvan Lake 1 WNVE 155.97 F
Traverse City 2 WRMB 37.22 A
Trenton 2 WQWN 31.9 F
Wayne 48 WQMF 30.98 F
W. Bloomfietd 5 WBOL 155.97 F
Wyandotte 5 WRHV 39.5 F
Ypsilanti 3 WQOK 31.78 A
MINNESOTA
Austin 2 KQBG 37.1 A
Bralnerd 1 WRJP 30.98 A
Cloquet 4 WEFJC 37.1 A
Duluth C 1 KKNF 30.58 A
Duluth 27 KNFE 30.58 AF
1 KQRK 2382 A
Iraribault 1 KQED 37.78 A
Hastings C 2 KPDW 33.94 A
Hibbing 3 WJUI 33.5 A
Hopkins 1 KIJW 39.9 F
International Falls 3 KSOZ 155.25 F
Mankato KQAA A
Minneuapolis C 15 KANN 39.9 F
Minneapolls 83 KGPB 30.98 F
1 KGPR 0 F
Moorhead 2 KRSG 39.9 F
New Ulm KPFJ
Owatonna 4 KOGC 155.13 F
Red Wing 1 KQDB 33.5 A
Rochester 4 KQAM 37.1 F
St Cloud 2 KQFY 154.65 F
St Paul 47 WPDS . A
St. Paul C 3 KQKW 33.94 A
S. St Paul 3 KQGR 33.94 A
W, St Paul 1 WMRV 33.94 A
Willmar C 15 KRIN 31.5 A
Winona 3 KBZB 35.9 F
Virglnia 2 WDCX 31.5 A
MISSISSIPPI
Blloxi 3 WJIN 35.9 F
Columbus WUEL 359 F
Greenvllle 6 WMPG 35.9 F
Greenwood 7 WSRW 33.5 A
Gulfport 3 WGPP 33.5 F
Gulfport C 3 WIYG 33.5 F
Hattiesburg 3 wBJC 33.5 A
Jackson 20 WAMK 39.18 F
Jackson C 2 WJEU 39.18 F
Laurel 3 WLCP 30.98 F
Merldian 12 WJUA 35.9 F
Natchez 4 WAMJ 39.5 F
Natchez C 3 WAUA 31.78 F
Vieksburg 4 WRNC 35.1 F
MISSOURI
Cape Glrardeau 1 KQBS  30.98 A
Carthage 6 KCMU 155.61 F
Columbla 4 KQDE 155.13 F
Clayton C 100 KSLC 155.13 F
Hannibal 4 KQRU 155.13 F
Independence 3 KRLK 35.9 F
Independence C 14 KRHW 155.61 F
Joplin 5 KQAJ 30.58 A
Kansas Clty 125 KGPE 155.61 F
Ladue 5 KQOU 33.5 A
Pemiscot City KRSK
Sedalia 2 KAME 30.98 A
Springfield 14 KQBO 33.1 A
St Charles 1 KQCD 31.9 F
St Charles C 2 KBMB 39,78 F
St Joseph 16 KQBW 39.1 F
St Louls 150 KGPC 155.85 F
MONTANA
Anaconda 2 KQHU 39.38
Billings 5 KQIZ 39.38
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® Here you see Sergeant B. E. Fallaw of
the South Carolina Patrol ... at the side
of his new Patrol car, equlpped with a
DOOLITTLE 3-way FM radio system.
South Carolina is the latest state to rely on
time-proved DOOLITTLE quality.

® DOOLITTLE produces modern radio
communications equipment for City, County
and State law enforcement, Fire Depart-
ments, Utilities, Taxicabs, Forestry, and
other emergency services.

For its Statewide Police 3-way Radio System

SOUTH CAROLINA CHOOSES

® FM and AM equipment, engineered, built
and matched by DOOLITTLE. .. offer
many vital advantages. Available in com-
plete systems or individual units . . . stand-
ard or special . .. high or low power...
in MF, HF or VHF ... for old and new
bands.

e DOOLITTLE equipment. .. built years
ago . . . still serves efficiently today!

7421 South Loomis Boulevard, Chicago 36, Illinois

BUILDERS OF. PRECISION RADIO COMMUNICATIONS

July 1947 — formerly FM, and FM Rapio-ELECTRONICS

"EQUIPMENT
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MUNICIPAL & COUNTY POLICE

Bozeman 1 KBSO 39 38
Bozeman * 3 KRO1 39.38
Butte 5 KBPD 39.38
Gt. Falls 6 KPGF 39 38
Helena 3 KHMP 39 .38
Kallspell 3 KGKC  39.38
Llvingston 3 KVIRR1 39.5
Livingston 3 KVRD 39.5
Miles ity 1 KI'MW 39 38
Miles City € 2 KGRC 39 38
Missoula 2 KQKD  39.38
NEBRASKA
Alliance 2 KANB 33 04
Beatrice 4 KSJYV 39 9
Fails City 4 KRAF 30 H8
Fremont 2 KCVR 39
Grand Island 3 KQAV 33 1
Hastings 4 KRLX 307
Inperial KVTX
Lineoln 16 KGZU 30 5%
Norfolk KNGN 2490
N. Platte 3 KRGW  33.5
N. Platte C KP1J
Omaha 3 KGPI .
1 KSDZ 3
Omaha C I KRNY 37.1
7 KRNX 371
Plattsinouth 1 KSKU 39 9
Seottsbluft 3 KRKV 33 5
2. Njoux 1 KWQD 31 78
Waloo O 1 KDBX 39 9
NEVADA
Elko 10 KIXN 39.38
ly ¢ 20 KSMI 39 38
Fallon ¢ 10 KUES 39 38
Las Vegas 16 KGHG 155 73
Las Vegas C 8 KNIEW 39 38
Reno KGIIM 1634
Reno 5 KKW 39 38
Sparks 2 KGHC  39.38
NEW HA MPSHIRE
Berlin WUBK
C'laremont 4 WKTX 33.5
Concord 7 WRJV 37 9
Dover 1 WMYQ 30 7
Keene 2 WIJLR 33 5
Keene ¢, I WKUY 33 5
Laconia 2 Weol 30 7
Manchester WOILO
Nashua 6 WPHB 39 5
Portsmouth 2 WKSA 33 5
Rochester 2 WIIIL 39 38
NEW JERSEY
Allenhurst I WMQZ 399
Alpine I WORO 37 78
Alpine 9 WSOE 31 7K
Asbury Pk 2 WABM 311
Atlantic I WQly 331
1 331
| 31
Atlantic Highlands 1 78
Audubon 2 9
Avon by the Sea | RY
Bay Head 1 b
Bayonne 20 H
Beach llaven 1 5
Beachwood 1 ]
Belmar e 1
Belleville 9 1
Bergentield : Bl
Bloomtield Q9 22
Bloomingdale 1 N
Bogota 3 i)
Boonton 1 Y
Bound Brook 1 .0
Bradley Beh 2 0.9
Brant Beh 2 35
Bridgeton 1 1
Brielle 1 .1
Brigantine 1 .1
Budd Lake 1 1
Burllngton 2 .9
RButler 1 L1
Caldwell 1 9
Camden 14 1
Camden C 3 21
Cape May 3 ) 69
Carlstadt 1 .78
Carteret 3. !
Cedar Grove 2 At
Cinnaminson 1 WK ) 69
Clark 2 W 56.33
Cllffside 2 WBVX  35.5
Clifton 10 WsQO 31.1
Closter 3 WRLZ 155.85
Collingswood 5 WOQNG 156.21
Cranford 3 WQMC 155.25
Cresskill I WRPR  39.9
Deal 4 WQOQ 1
Denvllle 2 WEDIE )
Dover 4 WDHM 5
2 WECV 3.5
Dumont I WBNW 37.5
15, Nlanover 1 WETX 35.9
E. Orange ¥ WQK1 39 5
Iiatontown 1 WEJV 37.78
dgewater 4 WBOO  39.1
Elizabeth 13 WRAD 390.1
Kmerson 1 WHBA 37.9
Englewood 5 WQIK 33.5
I WBMC 37.78
Iinglishtown 1 WIJE 37.78
Essex I'alls 3 WIHC 155.37
Ewing I WRKY 33.1
Fair Lawn 3 WCAK 37.9
Fanwood 2 WQYZ 154.77
Florham Pk 1 WSRL  35.5
Ft lee 2 WBKN 35.5
Jrankiin 1 WNKR 37.78
Freehold 2 WAIl 37.78
Freehold C 31 WAK(C 37.78
Garfleld 4 WRQE 39.1
Garwood 1 WGIP  155.25
Glen Rldge 3 WBYY 37.22
Glen Rock 2 WSFI3 155.73
Guttenburg 1 WAVK 39.9
Hackensack 9 WQIJ 37.5
Hackensack C 20 WPFK  37.1
Haddon Twp 2 WBKH 33.5
ITaddon Hgts 2 WRAN 35.9
Haddonfleld 3 WRBJ 155.49
Italedon I WBTK 35.5
Hamllton Twp 6 WQJM 33.1
Hanover Twp 1 WLSH 35.9
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Hasbrouck Hgts
Hawthorne
Highland Pk
Highlands
Hightstown
Hillsdale
Hillsdale Twp
Hoboken
Hohokus
Interlaken
Irvington
Jersey Clity

Kearny T'wp
Keyport
Kinden
Luakewopd
Lavalletfe
Lawrence
Leonla
Lincoln Pk
Little Yalls
Little Rilver
Livingston Twp
Long Branch
Longport

l.ower Penns Neck

1.yndhurst Twp
Madison
Madison Twp
Mahwah Twp
Manasquan
Manville
Maplewood
Margate City
Matawan
Mutawan Twp
Mayvwood
Metuchen
Middlesex
Mlddletown
Midland Pk
Millburn
Milltown
Millville
Monroe Twn
Montelair
Montvale
Montville T'wp
Moorestown
Morristown
Morris Twp
Mt. Holly
Mountainside
Neptune
Neptune City
Newark

New Brunswick
New Milford
N. Arlington
N. Bergen

N. Caldwell
Northfield

N. Haledon

N. Plaintield
Nutley
Oakland
Oaklyn

Ocean City
Oceanport
Oradell

Orange
Pallsades PPk
Paramus

Park Ridge
Passaic
laterson
Paulshoro
Pennsauken T'wp
Penns Grove
Pequannock T'wp
Perth Amboy
Phillinsburg
Piscataway
Pitman
Plainfield
Pleasantville

Pt Pleasant
Pompton Lakes
Princeton
Princeton T'wp
Prospect Pk
Rahway
Raritan Twp

Red Bank
Ridgefield
Ridgeport Pk
Ridgewood
Ringwood
Rlverdale
River Edge
Rockaway Twp
Rockaway
Roseland
Roselle
Roselle Pk
Rumson
Rutherford
Saddle Rlver
Salem

Seoteh Plains
Sea Girt
Feaslde Hgts
Seaside Pk
Secaucus (°
Secaucus
Ship Bottom
Somerville

S. Bound Brook
S. Belmar

8. Orange

. Plainfield
S. River
Sparta Twp
Springfield
Spring Lake Hgts
sSpring f.ake
Surnmit
Teaneck
Teaneck Twp
Tenafly
Totowa
Trenton

Toms Rlver C
Union Beach
Unlon City

Unlon Twp
Upper Penns Neck
Ventnor

Verona
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WRBO
WIKI
WEFAB
WOQMK
WONF
WQMP
WiTT
WROM
wQJU
WJISH
WOBB
WAMNJ
WHYR
WAPK
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WOBL
WKZB
WOQMX
WOLT
WEFZD
WBXZ
WRBX
WQKJ
WM NS
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WQXK
WFRR
WBOD
WBXE
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WQIE
WNHT
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Vineland 5 WIJED
4 WLPH
Wall 1 WPHL
Wanaque 1 WAKM
Washington 1 WCWD
Watchung 1 WSPE
Wayne Twp 3 WSLC
Weehawken Twp 1 WKG
W. Caldwell 1 WSQN
Westtleld Twp 3 WQOM
W. Long Branch 1 WFQV
W. Milford Twp 1 WBNG
W. New York 7 WQRN
W. Orange 5 WSKN
W, Patterson 1 WIUO
Westwood 3 WRMZ
Wharton 1 WEDH
Wildwood 2 WBOJ
Woodbridge 4 WQJE
Woodbury 1 WRLV
Woodelift 3 WKRH
Woodlynne 2 WPYV
Wyeckoft WKJZ
NEW MEXICO
Albuquerque 7 KGZX
-\lhuquerque « KSTH
Chaves (° 2 KRHQ
Clovls 8 KNIA
Deming ( 6 KSLY
Hobbs 2 KHMQ
KRoswell 2 KRNM
Santa Fe 3 KGPF
NEW YORK
Albany 1 WPFD
Amsterdam 4 WKNI
Arcade 1 WMLG
Asharoken 1 WTCK
Auburn 5 WPDN
Albion C 3 WAZ
Armonk 3 WAUFR
Rabylon 3 WROI
3 WROP
Batavia 2 WRJS
Bedford Hills 4 WIUR
Binghamton 14 WHTZ
1 WPGL
Broome ¢ 8 WBZN
Bath C 14 WEJZ
RBuffalo ¢ 6 WBTQ
Buffalo 111 WM
Briareliff Manor 2 WRBDN
RBronxville 3 WOOY
Caledonia WOCNF
Canandaigua I WIIT'M
Celeron 1 WRAX
Cheektowaga 12 WKQZ
Clarkstown 2 WBLF
Corning 3 WKPI
Cortland 2 WRBID
Croton on Hudson 2 WRLB
Canandaigua C 6 WCAYV
Chappaqua 2 WEKU
Canton ¢ 1 WKJX
Depew 2 WDPR
Dunkirk 3 WALK
1castchester 6 WQLC
Ilast Hampton I WKV
LEasthampton I WHTU
Elmira 14 WRLL
Endicott 20 WIKE
Llhott ¢ 43 WAXK
Floral P’k 5 WBDO
Fonda ¢ 2 WHOH
I'reeport 2 WAFR
Fulton 2 WBIC
Garden Clty 1 WQKO
Geneseo 4 WAZS
Geneva 2 WQOU
(ilen Cove 6 WRJG
(ilens Falls WQQR
Gloversville 2 WIQL
(Goshen ¢ 5 WQIls
Grand View on
Hudson 1 WBVK
Gireenburgh 4 WQKZ
Hanover I WSRX
Harrison 7 WQLX
Haverstraw I WBLG
1 WQTK
Hermpstead 1 WQKP
Herkimer 1 WAKN
Hillburn 1 WBOY
Hornell 4 WRAP
Huntington 9 WPGO
Hion 10 WX(CK
Islip 4 WHT1
1thaca 2 WQNS
Ithaca ¢ 50 WJPL
Jamestown 11 WINY
Johnson 11 WMOJ
Johnston C 2 WNKU
Kings Point 3 WIHJ
Kingston 7 WQXP
Lakewood 1 WDCT
l.ake Success 2 WMQO
Lancaster 5 WBAW
WLS
Larchmont 3 WQJT
Larchmont Twp 4 WRIO
Lindenhurst 1 WROJ
Little Valley 10 WAXZ
Lockport 10 WLOC
1 WLOD
Lockport C 6 WKHR
Long Beach 5 WLBP
Lynbrook 4 WBDK
Mahopae C 3 WQEZ
Mamaroneck 10 WSNK
Massena 2 WMJX
Mlddletown 2 WSRN
Mlneola C 120 WPGS
1 WRMF
1 WITU
1 WITX
Newburgh 3 WEUA
New Rochelle 5 WQKC
New York C 1 WQIM
29 WRFN
New York 100 WJILJ
WNAJ
31 WNYM
WPEE
WPEF
40 WPEG
150 WRQP
Niagara Falls 30 WNFP
Nissequogue 1 WETY
N. Pelham 3 WQLD
Northport 1 WRKD
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39.1 F
33 22 F
399 F
399 F
399 F
33.22 A
39.5 F
2458 A
37.9 F
37.9 F
39.38 F
39.5 F
37.9 F
35.9 F
35.9 A
35.9 A
33.5 F
155.37 F
37.9  F
2442 A
37.9 F
37.9 F
37.22 F
30.58AF
37.1 A
156.49 ¥
37.9  F
37.9 P
156.57 F
31.1 A
37.9 F
35.1 F
37.1 A
37.9 F
39.1 F
2414 A
37. F
37.¢ I
33.1 I
556.13 F
31.9 F
37.9 F
1556 13 I
31.56 I°
315 A
37.9 F
37.9 A
33.5 A
37.1 A
37.9 I
31.5 F
33.78 A
33.1 F
37.9 F
31.1 A
33.1 F
37.9 F
37.5 A
31.1 A
31.1 A
39.5 A
2414 A
31.1 A
37.9 F
39.38 A
155.61 I
31.9 r
31.5 A
37.9 I
37.9 F
37.9 F
37.9 F
39.9 F
155.61 F
37.9 F
351 F
379 F
33.1 A
391 A
35.9 A
37.9
39.5 F
39.5 F
37.9 F
155.37
35.1 F
39.9 F
155.25
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N. Tarrytown 1 WBXN 37.1 A
N. Tonawanda 12 WBTI 35.9 F
Norwich C 1 WJFX  31.1 F
Nyack 2 WRGM 31.1 A
Ogdensburg 5 WHJC 39.5 F
Olean 2 WQMV 379 F
Onelda 4 WJAM 35,1 A
Oneonta 1 WQFJ 30.58 A
Onondaga C 9 WBYJ  37.78AF
Ossining 2 WQNH 37.1 a
Ossining Twp 1 WMVE 37.1 A
Oswego 14 WJZX 37.9 F
Palisades Pk 7 WJXL 31.78 F
Peconic 3 WHTT 31.9 F
Peeksklll 2 WBZW 31.5 A
Pelham 2 WQOT  37.1 A
1 WDAG 37.1 A
Petham Manor 1 WKHJU 37.1 A
4 WQOs  37.1 A
Plattsburg C 1 WIKG 37,9 F
Piermont 1 WRHE 31.1 A
Plattshurg 1 WDGS  37.1 F
Port Chester 6 WRSY 33.5 A
Port Jervis 2 WQXY 33.1 A
Port Washington 3 WABN 35.22 A
Poughkeepsie 8 WRCVY 30.7 A
Putnam Valley
wp 1 WIK1  31.5 A
Ramapo Twp 2 WBLH 31.1 A
Riverhead [‘wp 2 WAYT 319 F
Rochester 1 WPDR  30.58 A
Riverhead ¢ 12 WJPV 31.9 F
Rockvllle Ctr 11 WRAH 35.5 F
Rome 5 WKHZ 37.9 ¥
Rotterdam 2 WGOD 35.5 1°
Rye 6 WQKU" 31.9 A
Salamanca 2 WBSB 37,9 F
Sands Polnt 2 WQHZ 35,9 A
Saratoga Spgs 2 WIGB  35.9 F
Scarsdale 5 WQKL  33.1 A
Schenectady 12 WQRB  37.1 F
2 WBGJ 39.5 F
Selden 16 WRNE 155.49 F
Shelter Island I WAYY 31.9 F
Sloatsburyg 1 WeuJ 31.1 A
Smithtown Br 3 WAFV 31,9 A
Solvay 2 WeQY 359 F
Southampton WHTS
Sparkiil 3 WSWJ 311 A
Spring Valley 2 WRBLI 31.1 A
Suffern 1 WBLM 31.1 A
Suffolk 1 WRBLM 31.1 A
Suffotk C wbhQu
Syracuse 2 WPICA 155.13 F
Tarrytown 3 WBLN 35.5 I
Troy 6 WRCD 33.1 A
Tuckahoe 2 WQID 33.1 A
Upper Nyack 1 WBLO 31.1 A
‘tica 20 WPGJ 3.5 F
Warsaw 1 WMLJ 37.9 F
Watertown 4 WOCDX  37.1 F
Watervliet I WMJN 37.9 F
Warsaw C 6 WBPE 37.9 F
Westfield | WEQK 37.9 1I°
White Plains 