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Another member of the Triplett Square Line of
matched units this signal generator embodies
features normally found only in “custom priced”
laboratory models.

FREQUENCY COVERAGE—Continuous and overlapping 75
KC to 50 MC. Six bands. All fundamentals. TURRET
TYPE COIL ASSEMBLY —Six-position turret type coil switch-
ing with complete shielding. Coil assembly rotates in-
side a copper-plated steel shield. ATTENUATION—Indi-
vidually shielded and adjustable, by fine and course

SIGNAL

TIriplett

ELECTRICAL INSTRUMENT CO.

GENERATOR

controls, to zero for all practical purposes. STABILITY —
Greatly increased by use of air trimmer capacitors,
electron coupled oscillator circuit, and permeability
adjusted coils. INTERNAL MODULATION—Approximately
309 at 400 cycles. POWER SUPPLY — 115 Volts, 50-60
cycles A.C. Voltage regulated for increased oscillator
stability. CASE—Heavy metal with tan and brown ham-
mered enamel finish.

There are many other features in this beautiful
model of equal interest to the man who takes
pride in his work.

BLUFFTON, OHIO



THE 1=-10A

The ONE-TEN-A is a complete redesign of the ONE-TEN,
retaining all the proven design features of the older model

but with improved performance and smoothness of control.

For many years the ONE-TEN has been the “standard” re-
ceiver for work in the range from one to ten meters. Although
many advances in high frequency technique have been made
since this little receiver was first introduced, it has easily held
its place in the affections of experienced amateurs by its con-
sistent dependability under actual operating conditions and

its high usable sensitivity.

The new ONE-TEN-A inherits the fine qualities of its pred-
ecessor brought up to date by a complete restudy of circuit,

mechanical arrangement and constructional details.

The ONE-TEN-A is a fine receiver.

|| \
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IN TELEVISION’S REMOTE *"PICKUPS”

In the coverage of sports and other

special events, the many technical
advantages of Du Mont's Image
Orthicon Camera Chain give you
the greatest operating flexibility and
highest video quality, together with
trouble-free operation and low main-
tenance costs. Learn more about
Du Mont’s Television Broadcasting
Equipment. Write or phone for in-

formation today.

Only Du Mont can give you all these features:

Maximum portability and ease of assembly, Remote iris control and quick interchange of
achieved through durable, lightweight lenses.
construction and simplified ‘‘suitcase- . .
type" design. Manual and automatic lap dissolve.
Four-channel amplifier which makes it pos-

The Electronic Viewfinder which shows cam- .
sible to employ four cameras.

eramen how scenes will appear on home
receivers, enabling them to meet chang- A compact synchronizing generator, only
ing conditions instantly. ’ 19" x 17% " x 9% ",

Aopyright 1746, Allen R. Du Mont Laboratories, Inc,

n“ M““I .%{43‘ with the %/ (72 c%/dlb/l

ALLEN B. DU MONT LABORATORIES, INC. + GENERAL TELEVISION SALES OFFICES AND STATION WABD, 515 MADISON AVENUE, NEW YORK 22, N.Y.
OU MONT‘S JCHN WANAMAKER TELEVISION STUDIOS, WANAMAKER PLACE, NEW YORK 3. N.Y. « HOME OFFICES AND PLANTS, PASSAIC, NEW JERSEY
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“"He made a success of broad-
casting just hy playing records.”™
‘I'hat has been »aid many times of
John V. L. Hogan by those who
think  wishfully bat not wisely
about entering the FM field, 1%
true that John Hogan made a
success of W QX R, and his station
WOXOQ may have the largest F°M
audienee in New York City, but
he didn’t do this just by grinding
out phonograph records. A top.
ranking radio engineer long be-
fore he entered broadeasting, he
sucreeded in that venture by the
use of an engine progressive,
independent thinking, Disregard-
ing methods of other stations, he
chose the type of listeners he
wanted, and  consistently  pro-
grammed  WOXR-WONQ to
please them. Next step in lus
rlun_ning is to transmit faesimile
"
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MEMBER,
AUDIT
BUREAU OF
CIRCULATIONS

To date Blaw-Knox has
furnished morethanone
million feet of Vertical
Radiators and Antenna
Towers. They range in
size from sturdy rooftop
supports toinstallations
towering more than

10CO0 feet skyward.

This unequalled experi-
ence in the design, fab-
rication and erection of
structures for every
radio transmitting re-
quirement is available
at no added cost to you.

BLAW-KNOX DIVISION

OF BLAW-KNOX COMPANY

2046 Farmers Bank Bildg.
Pittsburgh, Pa.
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An Advertisement aborut TRANSFORMER DESIGN

.« Directed to those who manufacture electronic equip-

ment that must be MOISTURE PROOF «nd /or FAILURE PROOF

»
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Coronr TELEVISION
Is FM Exrexsive?

3. AN ATTAINABLE GoAL

CBS has now advanced their color

8 television to the point of using live
talent in place of the filins shown in their
first demonstrations. although wires are
being used to conneet the studios to re-
ceivers in the audition room.

When we received an invitation to wit-
ness a demonstration of live-talent color
television, we decided that, rather than
give our readers an engineer’s reaction, we
should publish a layman’s report. Engi-
neers inevitably have their pet peeves and
enthusiasms which are reflected in their
eritical opinions. However, television’s
problemisto satisfy laymen, not engineers.

Accordingly, we asked Bill Mohrman.
our advertising manager, to attend the
€BS show, and to jot down his impres-
sions immediately thereafter. The only
instruction we gave him was to report on
the matter of eye strain, and on any blur
he might see when people moved across the
Unaffected by Heat Transfer from Soldering of screen. Here is his report, in his own words:
Terminal Connections S “There was no noticeable flicker when
Cushioned Against Mechanical Shock a white hoy and a Negro boy sparred for
; a minute or two, and none was noticed

o when each one did some shadow boxing.
These qualities stem from Chicago Transformer's use of special “However, if I concentrated on a cer-
neoprene rubber gaskets in conjunction with ceramic bushings to " | tain part of the screen — say lower left
seal and insulate terminals where they extend through the steel hand corner —and then raised my eyes
base covers or drawn steel cases. Under constant pressure, imposed to the upper right or some other part of
by the terminal assembly itself, the gaskets are forced into and LD SR e SOl ST o)

. s 4 g A jumble of colors, Or if I blinked naturally,
retained by specially-designed wells in the bushings. e e e ey

times it would be a solid red or again it
might be green. This also applies to close-
ups,

“Colors were natural and, I think,
despite what I said above, it is much
better than Technicolor films.

“My eyes felt tired, and I believe this
was caused by having to concentrate my

TERMINAL CONSTRUCTION

.“ L[4 [ ] [ 4
/" Permanent Proof Against Moisture
Impervious to Temperature Changes in the Unit or
Surrounding Air

By this method, a non-deteriorating, highly resilient seal is ob=
tained. Its protection of the vital parts of the transformer agains
moisture and corrosion is equally effective in extreme heat or col
and against corrosive fumes or liquids.

As components of Army and Navy electronic apparatus, Hermeti-"
cally-Sealed Chicago Transformers gained an outstanding reputa-=
tion for durability and dependability under the most severe wartime:
operating conditions. Today, this same basic design Is available gaze on a 10-in, screen. At times it seemed
manufacturers who are building electronic equipment to com- as if my eyes were being pulled.

parable standards of peacetime excellence. '_ “All details were good, even when

CHICAGO TRANSFORMER

were good, particularly on close-ups.
DIVISION OF ESSEX WIRE CORPORATION

““The actual demonstration lasted about
15 minutes, counting the time spent in
moving the camera around the studio. —
During that time the screen was dead.

“I hesitate to say how much I would
3501 ADDISON STREET - CHICAGO, 8 pay for a television receiver. It would de-

pend on the size of the sereen. Personally,
(CONTINUED ON PAGE 78)

BADE MARK BEG

4 FM anp TELEVISION



e draw your particular attention to the compre-
hensive construction services we offer to Broadcasters, from selec-
tion of site, through the planning of buildings, the design of studios,

the installation of equipment, to the finished station ready for

operation.
foyrmomd 4. K

As Consulting Engincers we will furnish special or general

engineering advice, information, and assistance in connection
with the establishment of broadcast stations.

As Engineers and Constructors our services cover every de-
tail of planning and supervision to the extent desired by the
client in the construction of complete broadcast stations.

The head of this organization is Raymond M. Wilmotte,
nationally known pioneer and consultant in radio. Associated
with Mr. Wilmotte are:

Paul A. deMars, one of the foremost engineers and experi-
menters in radio, and nationally known for his pioneering in

FM.

Jackson & Moreland, one of the leading firms in the elec-
trical and construction fields.

We will welcome inquiries and will gladly furnish further
details upon request.

LW/

RAYMOND M. WILMOTTE Inc.

CONSULTING ENGINEERS - RADIO & ELECTRONICS
1469 CHURCH STREET, N. W., WASHINGTON 5, D. C.

New York Laboratories: 236 W. 55th Street, New York 19, N. Y.

October 1946 — formerly FM, and FM Rapro-ELEcTRONICS 5



ANDREW

pressurizing
coaxial cable
lines

TYPE 1800
AUTOMATIC DEHYDRATOR

A compact, completely automatic unit that pressurizes coaxial transmission lines
with clean, dry air. Starts and stops itself. Maintains steady pressure of 15 pouands.
A moter driven air compressor feeds air through one of two cylinders containing
a chemical drying agent where it gives up all moisture and emerges absolutely
clean and dry. Weighs 40 pounds; 14 inches wide, 14 inches high, 11 inches deep.
Power consumption, 210 watts, 320 watts during reactivation.

TYPE 720

PANEL MOUNTING

DRY AIR PUMP

Specially designed for use in equip-

ment requiring a small, built-in source
of dry air. Only 2 inches in diameter,

2 6 inches long. Pressures as high as
Sif b G 30 pounds are casily generated. Piston
T type compressor drives air through a

chemical drier. Pump supplies dry air
with only 7 to 10% relative humidity.
Additional silica gel rehlls available
at reasonable cost.
TYPE 876-8B
Designed over the simple tire pump principle, this all-purpose
dry air pump has numerous applications. Output of cach stroke
is about 26 cubic inches of free air. Transparent lucite barcel
holds silica gel. Supplied complete with 7-foot length of hose.
Height 2514 inches. Net weight 815 pounds.

Andrew Dry Air Equipment is uvsed in a multitude
of other applications. Write for further information.

ANE
ANDREW CO.

363 E. 75th ST,, CHICAGO 19, ILLINOIS

Pioneer Specialists in the Manufacture of a
Complete Line of Antenna Equipment
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The Frutuure OF AMERICAN BROADCASTING DEPENDS
UPON THE UNTRAMMELED DEVELOPMENT 0F ~J97/]

Properly allocated with adequate spectrum space
and free of unnecessary restrictions FM possesses
the following remarkable adrantages over AM ...

transmitters than can be obtained from any of
the existing AM stations except a small percent-
age fortunate enough to enjoy unusually fa-
vorable assignments. (It is not true that FM
Coverage is limited to line-of-sight.)

u FM can deliver larger coverage areas from single

any size on an economical basis by the use of
automatic interconnection.

@ FM offers the opportunity to cover areas of

at night as in the daytime.

@ FM stations enjoy the same coverage areas

and interference throughout the areas served.
thereby for the first time offering the oppor-
tunity for truly high fidelity reception to large
numbers of listeners.

FM provides high grade reception free of noise
4 I ghg I

broadeasting in which competition will be
between programs for listeners and not be-
tween broadeasters for facilities.

5 FM can provide a truly \merican system of

Jansky & Bailey Engineering Service in FM is based upon
extensive study of the art carried on since 1937 through
laboratory and field research and experimental FM operation.

JANSKY & BAILEY
Consulling Kadio Engincers

Executive Offices: NATIONAL PRESS BUILDING, WASHINGTON . D. C.

October 1946 —— formerly F M, and FM Rapio-ELECTRONICS



hat ;Y00 \is doing

Producing FM Equipment For Broadcast Stations — NOW

RCA has been and will continue to
be an active leader in the pioneer-
ing and development of FM.

Before the war, RCA had designed
and manufactured a complete line
of FM transmitter equipment. A
number of prewar, RCA-equipped,
FM stations are in service today.

In the new RCA FM transmitters
you will find many important for-
ward advances in transmitter de-
sign and engineering —simplified
circuits that insure better program
quality and dependable operation.
It was RCA that pioneered and per-
fected such important FM design
features as Direct FM and Grounded-
Grid Circuits.

Now in production is a complete

The New RCA 3-kw FM Transmitter
—RCA'’s line of FM transmitters
(250 watt, 1, 3, 10, and 50 kw) are
completely new from exciter to
power amplifiers—new circuits,
new tubes, and a new type of con-
struction. Write for complete de-
tails and delivery information.

The New RCA High-gain Pylon Antenna

line of RCA FM transmitters in all
power ranges from 250 watts to
50kw. Shipments are scheduled; be-
ginning with the 250 watt already
delivered, 1 kw and 3 kw within
the next few weeks, 10 kw and
50 kw next year.

Also developed by RCA for FM
stations is the Super Turnstile An-
tenna—and the new high-gain Pylon
Antenna, which most FM stations
will want to use.

In addition, there’s RCA’s new
line of studio equipment. Even
before the war, RCA'’s studio equip-
ment (featuring low distortion and
uniform frequency response from
30 to 15,000 cycles) offered “top
quality” FM performance.

I | | B '
 BRER =1=1-1=]
' .- O] .« .

For microphones, amplifiers, studio equipment, transmitters,
antennas, studio relay equipment, field-intensity meters, moni-
tors, measuring equipment, towers, transmission lines, tubes
and home receivers —look to RCA for leadership in FM.

3

10

FM axp TELEvVISION
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Producing FM Home Receivers— NOW

On July 15,at the NAMM Convention,
in Chicago, RCA Victor’s first postwar
instrument for receiving FM . . . the
Victrola* 612V 3 (abore)...was shown
to an enthusiastic group of distributors.

This radio-phonograph is the fore-
runner of eight new models—all of
which will incorporate RCA Victor’s
Advanced FM Circuit.

Initial instruments for demonstra-
tion to the public are expected to be on
RCA Victor dealer floors during No-
vember.

\ =

October, 1946—formerly F, and FM Rapvio ELECTRONICS

8 FM MODELS—SIZABLE PRODUCTION

e
e

Additional new RCA Victor FM re-
ceivers will reach full production ear}:
in 1947.

RCA Has Everything for FM—From
transmitters right through to home re-
ceivers, broadcast stations can profit
from the benefits of RCA’s vast experi-
ence and latest developments in FM. If
you are planning to build a new FM
station, we believe that "RCA all the
way’” will help you to make it a bettcr
station. For further information write:
Dept. 35-;» RCA, Camden, New Jersey.

BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN,N.J.

In Canada: RCA VICTOR Company Limited, Montreal

)
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FM station control

Accurate indicati
Y FunMdug::tlon of station performance with th
. . '
£ 'he L GotElon Monitor, simplified station cont 7
-E Control Console — here are i {i
re impor-

tant e”elo ec'llc CO”'“bU'lOlIS dESl ||ed to |Ie|P
g
Reep rOUI station el|Ollllllce at |O eﬂ'c'a”y- I°|
'he 'OC'S ObOU' “lee ""Ol'“' lll—O" YO' G E

broadcast sale

' s engineer or writ !

partment, General Electric ComP:neY 'Zriecdro’;,cs o FM STAT‘ON MON‘TOR
’ use 1, N. Y.

TYPE BM-1-A

Better station operution begins with accuralé mea-

surements. General Electric, pioneer designer of F

e o - monitors, announces the 1 1-1-A—the new FM

: monitor that mects all FCC requirements for measur-

ing all EM transmitter functions.

@ Center frequency indicator. Dirccl-rcﬂding instrument

measures carrier frequenc? over ~ 3000 c-p-s range.

with or without modulation.

o Modulation indicator. Two-scale, direct-reading in-
strument shows frequenc? swing. pPercentage scale.
0ot 133 percent. Decibel scale, 2010 +3 dbrange.

@ High-ﬁdeli'y avdio monitor. Two volts output into

600-ohm balanced line. Frequency chamctcris(ic

follows standard de-cmphasis curve within 10.5 db
between 50 and 15.000 cps:

° Over-modulation flasher. Front panel control adjust-

. . ; able to indicat¢ peaks exceeding and value between
g ’uunu@u:cnl( 50 and 120 per cent modulation.

" : @ Transmitter “proof—of—periormunce". 20-volt high im-

edance audio output with less than 0.25 per cent

distoruon and noise Jevel approximmch =5 db be-

jow full modulation level. Will operate cummcrci:\l

distortion meters for FCC tests.
o R-finpy! jevel indicator- Appmximalcly 1.0 watt in
50-ohm line, with indicator 10 show correct level.

-

o ||lum‘mu'ed meter scales.
nel providcs ready

o Easy-to-get-al- Hinged front pa

“ zm W “ z% W accessibility.
o Readyto operate. Connect itto your transmitter. Plug

it into your 115-volt, a-c line.

G-E FM Station Monitor o FCC upproved.
type BM-1-A

STUDIO AND
» STATION EQUIPMENT « TRANSMIT
TERS

GENERAL @ ELECTRIC

160-€10 8014
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The G-E Desk-Top Control Console that

W‘TH THE NEW G‘E cucry station can afford, 1YPe oo
DESK-TOP CONTROL CONSOLE TYPE BC-3-A

Plexible and compact cquippcd with cevery mixing © lnput connecnons for two audio lines-
and switching facility required by the modern broad- @ ¢ heavy-duty cwitches for tower lights. slect meleers,
cast station—rEMor AM—the new G-E Control Con- lightning (rip circuits, carrier alarm, ¢te-
sole centralizes all major station functions under @ lligh degree of flexibility 1o meet (,pcm[i(,m.l require-
instantaneous ﬁngcr-tip control. ments. Accessible rerminal board.
® Control pr()\i\i()n\ for 2 tocal turntables and 2 micro- @ Two-t0ne, hl_“"'l-'-"“" 'E“l‘i“‘-" with stoping panch onh
paones. 12 inches high, 0 inches long.
@ Mixcr circuits connect cither microphon¢ with either @ Full visibilits of controls and transmitter-
rirntable. @ Lasy -m-gcl-:u.l)esigncd with pi:um-hingcd front pance!
@ 8-position, pusi-button control for Ludio monitoring: ol conomical and casy (O install.

[} [Huminated VI meterf.

@ Jacks for ) "prunf-nf performance runs’, (2) trans-

fer-line switching o coatrol-room rack, and (3) rou-
tine a-f measurements.

@ line (ransfer sw itch makes it possible o use relephone
linc for order wire servicc-—u'irlzoul equalization.

@ Monitor amplifier and speaker rransfer switch.
@ Master gain control in 0.5-db steps-

G-E Hiah-Fideli
High-Fidelity Audio Facilities

Write for th
. e complete d
new lin 5 ataon Gen . oy
7 Impljﬁc:s orprqm‘l“y speech —inPuir:lnE'-lecmc S
Have yot o OV YT amplifers, program ampliers, line and iols.
amm— ’ ing lOudspcal:' monitoring amplifiers I§Ola'
appearance Fle::;'bll)e luxe in Pcrfort;l:‘!::;:“o:
4 ] : e, conveni 4, an
at a price every station Can‘:gtr':;' reliable. Yér

ANT
ENNAS - ELECTRONIC TUBES

+ HOME RECEIVERS

FM - TELEVISION - AM .., oo v ttiree /



y NEW OIANDARD IN' MOBILE

FOR POLICE DEPARTMENTS
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RADIO PERFORMANCE

PROVED IN THE AIR

AND ON THE RAILS

BROUGHT TO YOU BY

“Bendix
% "Radljo ./

' Now Bendix Radio brings to the urban mobile
- and emergency services the advantages of
'~ V.H.F. Radio—the remarkable static-free, two-
' way voice communication that has become the
favor‘it‘vé'.'of railroads and airlines. Here is reli-
able, instant communication for cab companies,
fire departments, and police departments—and
“at surprisingly low cost! Units for mobile use
-are of convenient size for easy installation, and
fixed station installation is also simple and
~ inexpensive.

In mobile radio communication your first choice
is V.H.F.—and in V.H.F., Bendix Radio is the
acknowledged leader!

=\
BENDIX RADIO

BENDIX RADI!IO DIVISION

BENDIX AVIATION CORPORATION
BALTIMORE 4, MARYLAND

AVIATION CORPORATION
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Professional Service Directory

yandéy &' Eai/éy

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

National Press Bldg., Washington, D. C.

RAYMOND M. WILMOTTE
Consulting Radio Engineer

PAUL A. DEMARS
Assoctate

1469 Church St., N.W., Washington 3, D. C.
Decatur 1234

_ RANK II.

Mcl.\"l‘()S"

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

S

ANDREW CO.

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

MAY & BOND
CONSULTING RADIO ENGINEERS
* x

1422 F Street, N.W. Wosh.4,0.C.

Kellogg Building Republic 3984

JOHN J. KEEL

Consulting Radio Engineers

Eorle Building
NATIONAL 6513
Washington 4, D. C.

o TELEPHONE BRIDGEPORT 5-2055 »

GARO W. RAY

Consulting Radio Engineers
991 Brood 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., NNW. NA. 7161
Washington §, D. C.
L]

1000 No. Seword St. HO. 6321
Hollywood 38, Colif.

H. V. Anderson

———AND ASSOCIATES

® Consvlting Radio Engineers

71S American Bank Bidg. Tel. RAymond 0111
New Orleans 12, Lovisiono

The
ROBERT L. KAUFMAN
ORGANIZATION

o Conetruction Supervision (FM AM),
‘Vechnical Maintenance, and Business Ser-
vices for Radio Broadeast Stations,

Munnsey Building Washington 4, 1), C,
Districe 2292

DIXIE B. MCKEY
ROBERT C. SHA

CONSULTING
RADIO ENGINEERS

1730 Connecticut Avenve, N. W.
Washington 9, D. C. Adams 3711

€

Rodio Engineering Consultonts,
Frequency Monitoring

Commercial Radio Equip. Co.

W ashingten, D. C.
Kansas City, Mo.
Hollywood, Calif.

Internationa! Building .
321 E. Gregory Boulevard .
Cross Roads of the World .

COMPLETE Technical and
E RA Management
Consvliting Service

Immediote FM ond VHF
Field Meosurement Service Avoiloble

Engineering Research Associates, Inc.

Washington, D. C. Office:
1129 Vermont Av,, N. W.
Phone: EXecutive 4742

taboralories:
$t. Paul 4, Minnesota
Phone: NEstar 9601

FREQUENCY MEASURING
SERVICE

Exact Measurements -~ of any time

RCA COMMUNICATIONS, INC.
64 Bread Strest, New York 4, N.V.

cesmcesccnenacensd

-

Cudlom-/)?ui/}

SPEECH INPUT EQUIPMENT
U. S. Recording Co.

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

RATES FOR

PROFESSIONAL CARDS
IN THIS DIRECTORY

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

22

1031 N. ALYARADO -« LOS ANGELES 26, CALIF.

RATES FOR

PROFESSIONAL CARDS
IN THIS DIRECTORY

$10 Per Month for This Standard
Space. Orders Are Accepted
for 12 Insertions Only
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Professional Service Directory

Frequency Measurements
Highest Accuracy — Anytime

One of the best equipped monitoring stations
in the nation

STANDARD

MEASURING & EQUIPMENT CO.
Phones 877.2652 Enid, Oklahoma
Since 1939

WATKINS 9-5310

S. A. BARONE CO.

CONSULTING RADIO AND MECHANICAL
ENGINEERS ON ELECTRONIC DESIGN,
PRODUCT DEVELOPMENT & RESEARCH

SPECIFICATIONS DEVELOPED INTO
CIRCUITS, PARTS LISTS, MODELS
& PRODUCTION DRAWINGS

143-743 W. 22ND STREET, NEW YORK 11

MORE RF KILOWATT HOURS
PER DOLLAR WITH

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

611 Baronne Street, New Orleons 13, La.
Raymond 4756
High Power Tube Specialists Exclusively

DALE POLLACK
FREQUENCY MODULATION

development and research
transmitters, receivers
communications systems

352 Pequot Avenue New London, Conn.

New London 2-4852

THE WORKSsSHOP
ASSOCIATES
INCORPORATED

Specialists in
High-Frequeney Antennas
66 Needham St., Newtosn Highlands, Mass.
Bigelow 3330

RADIO BOOKS | o ..
BY MAIL | ™o

—_—
SAME-DAY SHIPMENT ON 987 OF ALL MAIL ORDERS.
Books of nearly all radia publi hers. If you dan't knaw
price, send depasit and we'll ship C.O.D.

Send stamp
for catalog fo EDITORS AND ENGINEERS, Ltd.

1309 Kenwood Road + Santa Borbare, California

National Association of Broadcasters
CHICAGO CONFERENCE., OCT. 21-21. 1916

Directory of Exhibitors, Palmer House, 8th Floor

Amperex Electronie Corporation . 860 NAB Small Market Stations Conmittee . 805

Andrew Company . . . . .827 NAB Suafi’ Headguarters 307 -809 ‘

Assaciated Program Service, Ine. 810 811 National  Broadeasting Co. (Radio  Recording '

Audio Devices, Ine. 816 Dept.) . 822 821

Broadeasting Magazine . 881 886 Nebleit Radio Produetions, 876- 877

Broadeast Measurcinent Bureau, Ine. 801 Presto Recording Corporation . 815

Capitol Transcriptions, Ine, . 812 Program Buys. . ... . 857 ‘

Collins Radio Company 812 813 Radio Corporation of America 879 880 |

Daven Company 858 Radio Engineering Laboratories, Tue. 821

Fairchild Camera and Inztrument Corp. 8062 Radio-Television News . 887 |

Featured Radio Programs, Ine, 817 818 Ray theon Manufacturing Company 806

Federal ‘Felephone and Radiv Corp. 817 Reh-0-Kut Company 850 \

FLand Television Magazine 881 Sesae, Ine. 811

Gates Radio Company . 838 Sponsor Pablications, Ine. . .. . . 851 ‘

Goodman Radio Productions 831 835 Standard Radio Transeription Services, Ine.. 831-833 \

Grayhar Eleetrie Co. 852 851 Sterling Insurance Company . 839

Hart & Co., Ine., Frederich . 810 811 Teleways Radio Productions, Ine. . 801 |

Kasper-Gordon, Ine.. ... 801 Transeription Sales, Ine. ... 818 819

Keystone Broadeasting System, Ine. 805 United States Recording Company . 430

Langevin Company, Ine.. .. 813 8141 L niversal Radio Productions 819

Lang-Worth Feature Programs, Ine. 482 883 Universal Recording 878 '

MacGregor Electrieal "Franseriptions 820 Western Electrie Company . . . . 852-851

Magnecord, Ine. 850 Wilson, Herbert L., ... . 825

Matehlett Laboratories, Ine. 820 Wincharger Corporation. . ... .. .802-803

Mutual Broadeasting System 859 World Broadeasting System, Ine. 861

NAB Sales Managers Commitice 875 Ziv Company, Frederic W, . . 428 829 '
THERE WILL BE ADDITIONAL EQUIPMENT EXHIBITS ON THE tth FLOOR ‘

As requested I)‘V the VAB Conference Committee, exhibits will he

closed during the hours when meetings are in session

October 1946
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The first hundred
sets are the hardest...

YOU can take it from Hallicrafters: the first hundred radio sets of any new model are the hardest.
Hallicrafters is completing a run of 100 of the new Model 5X-42. This extroordinary set has been
more than a year in the making and behind it are more than 20 years intensive experience in the
manufacture of high frequency communications equipment. The first 100 5X-42°'s have been checked,
re-checked in a thousand and ene testing operations. Because the set covers from 540 ke to 11C Mc
continuously in six bands it must be as delicately balanced and precisely aligned as an expensive
watch, One out of every five persons on the $X-42 assembly line is an inspector, watchdog over the
strictest Hallicrafters standards. The first 100 $X-42's are now being placed in the hands of radio
technicians, engineers, amateurs all over the world, These qualified critics will submit to Hallicrafters
detailed reports. This final field testing of this great new receiver will bring the 5X-42 one step closer
to reality for you. Watch for the $X-42, wait for the 5X-42 . .. the radio man's radio . .. the radio
that's remembered by the veteran. .. preferred by the amateur. ..

COPYRIGHT 1946

BUILDERS OF Aq m AVIATION RADIOTELEPHONE THE HALLICRAFTERS CO.

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 - Montreal
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ALL-INDUSTRY FM ASSOCIATION IS PROPOSED

Views of Progressive FM Broadcasters and Set Manufacturers Favor an Association
to Codrdinate Plans for Better Home Radio Reception

ATEST angle on proposals for a new
association of FM broadcasters, dis-
cussed in the July and August issues of
FM anp TELEvVISION, brings up an entirely
new slant on an all-industry organization.
Here is the gist of the eurrent thinking:

All-Industry Association * Until the advent of
FM, plans and activities of the broad-
casters and the equipment manufacturers
were worked out as independently as if
they were completely unrelated opera-
tions in totally different ficlds.

Now, as new FM stations are going on
the air, the operators are suddenly faced
with the need of having the cobperation
of set manufacturers for, unless sets are
shipped into their service areas, they
cannot build audiences.

Moreover, the FM broadcasters have
awakened to the fact that unless the sets
deliver satisfactory performance, audj-
ence-building efforts will be stopped off
before they start. A flood of FM sets
giving reception at the AM performance
level could do irreparable harm to a neiv
FM station.

On the other hand, FM set manu-
facturers want to be sure that programs do
justice to the capabilities of the reccivers.
They are also concerned about the extent
of cach station’s service area, for that
defines the territory in which sales should
be made.

Thus, for the first time, it has bedn
brought home to broadcasters and many-
facturers alike that FM has given them
the common responsibility for assuring
genuine, high-quality FM reception in
each listener’s home. The extension of this
thinking is that a joint association can do
more to protect and promote the interests
of FM broadcasters than NAB, and mote
for the manufacturers than RMA.

This new angle was brought up |n
discussions of an association of independ-
ent FM broadcasters, to which AM sth-
tions with FM affiliates and equipment
manufacturers would be admitted only
as non-voting associates. Opinions on tlfis
subject first favored the admission #s
voting members of AM stations that are
going all out to promote their expansion
into FM. Then the idea developed into
plans for an all-industry association, fo
he directed by a board comprised of both
hroadcasters and manufacturers.

Such a setup would answer Walter
Damm’s objection? that an association fof

1 See PM anp TELEVISION, August, 1946, page 28.

BY MILTON B. SLEEPER

independent FM broadeasters would not
have sufficient income to build an effective
organization.

Organization Plans  With the NAB Con-
ference opening in Chicago on October
21st, it has seemed advisable to postpone
action on definite organization plansuntil
there is time to see what will be done by
NAB or by the remaining members of FM
Broadcasters, Inc.

At this time of writing, it seems prob-
able that executives of representative
broadeasters and manufacturers will meet
in November to draft tentative plans for
an all-industry association, dedicated to
raising the overall standards of home
radio reception. The preliminary draft
will then be submitted to a selected list,
with invitations to attend a meeting at
which formal aetion can be taken.

One very interesting proposal is that the
work of the association should be in the
hands of a board of directors comprising
an equal number of broadcasting and
manufacturing executives, with the presi-
dent acting to correlate and cobrdinate
the efforts of the bilateral board. Men-
tioned for the post of president are Gordon
Grey, John V. L. Hogan, and Wayne Coy.
Feeling so far expressed indicates prefer-
ence for a man of wide experience within
the industry, and in broadcasting rather
than manufacturing.

NAB Situation * Although anything can hap-
pen at the NAB Conference in Chicago.
some very drastic policy changes, calling
for a virtual reorganization of this con-
servative association, would be required
to meet the new conditions which face
tke broadcasters and the manufacturers.
Postwar changes are not due to the ad-
vent of FM and facsimile alone for the
roots of most industry problems reach
back to the unorganized beginnings of
broadcasting, following the first world
war.

Tt is not so many years ago that sales
of records and phonographs had almost
ceased, because AM broadcasting met the
demand for home entertainment. But the
radio art, as well as public taste, were
in a state of flux then, as they are now,
and will be for years to come, until radio
reaches the boundaries of technical ad-
vancement, as is the case with the
theatre and motion pictures.

Consequently, the NAB, now con-
stituted as guardian of the status quo,

October 1946 — formerly FM, and ¥M Rapro-ELECTRONICS

has set a limit on the progress of radio
broadecasting, if not purposely, then by
its failure to act in public interest to
promote the expansion of FM and fac-
simile.?

So far, NAB has side-stepped these
issues by ignoring them. Its action in
taking over FMBI amounted to nothing
more than burying an organization that
had proved highly effective in setting up
FM broadcasting. With FMBI tucked
under its wing, NAB proceeded to reduce
it to a few paragraphs in its weekly re-
print of FCC reports. For this service,
FM broadcasters were asked to pay $50
a year! To the dynamic and volatile radio
industry, the NAB gives the outward
appearance of a setting hen warming a
nestful of unfertile eggs. All this may be
changed at the Chicago Conference, but
there is no outward manifestation of such
intention at this time of writing.

RMA Situation * The Radio Manufacturers
Association had every reason for heading
up the swing to FM and, to implement
such action, setting up a board to co-
operate with the FM broadcasters. The
reasons are all in the interests of the set
and components manufacturers. They
are, bricfly:

1. FM sets are more profitable to
protduce and sell because the unit price
is very mueh higher. This increased profit
can be handed down the line to dis-
tributors, dealers, and servicemen.

2. By stabilizing prices, as has been
done in the automobile industry, a second-
hand market can be created for FM sets,
to take care of listeners who cannot
afford new, expensive molels.

3. FM sets require components of
higher quality than are used in AM table
mnotlels. This means an increase volume of
business in more profitable items.

+. The swing to FM will give listeners
greatly improved service, and this must,
inevitably, benefit the entire industry.

Mention of higher sales units brings
up the question: Is it right and sound to
increase the prices of radio sets to the
public? The facts speak for themselves.
The public has not gained in quality of
service since 1929, when the average unit
of sale was $175. Reception performance
has been degraded as AM set prices were

1 Reference is not made to television because this is
an entirely separate develop t, well repr ted by
associations of television broadcasters, engineers, and

producers.
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lowered. FM receivers will step up prices
to the 1929 level, but they will deliver
reception far above the performance levels
of that period — despite subsequent in-
creases in production costs.

And that is only half the story. The
other half concerns the fact that, on the
whole, radio set manufacturing had be-
come, at the time of Pearl Harbor, an
impoverished business. If we are to judge
from financial statements for the first
half of 1946, that condition is getting
worse.

Yet the president of RMA announced
recently, with considerable enthusiasm,
that the industry’s capacity seems to be
25 million sets a year instead of 13 to
14 million, as estimated originally. What
RMA figures do not show is dollar volume.
On that basis, the industry’s postwar
record stinks. And so do postwar AM
receivers, in their performance and their
intrinsic value. Why RMA has con-
sistently concealed this industry situation
by releasing only figures which misrepre-
sent the true conditions has not been
explained.

Against this situation, we can measure
RM.A\’s attitude toward FM-AM sets by
its president’s statement: “FM station
operators who are advising listeners not
to buy any radio receiver that does not
have FM reception are doing the industry
and the dealers no good.”

In reply, one might ask: “How are the
people going to feel toward dealers and
manufacturers when, within the next few
months, they have a chance to compare
their new and very poorly-built AM sets
with what they could hear on FM if they
had waited just a little longer?”” Already,
in areas where FM set deliveries have been
concentrated, decalers are trying to talk
themselves out of that situation.

Perhaps RMA will suddenly do an
about face, but right now that seems un-
likely. s matters stand, RMA is not
only fumbling the FM ball but is, in
consequence, overlooking the new-busi-
ness possibilities of FM-operated fac-
simile, despite the fact that a considerable
number of broadcasters are keenly in-
terested in getting it started.

The Job to Be Done » If it is true that both
broadcasters and set manufacturers will
benefit by raising the quality of home

PROGRAM FOR AN
ALL-INDUSTRY FM
ASSOCIATION

The following suggestions have been
offered as to ways in which FM broad-
casters and set manufacturers can work
together to further their common interests.
These points constitute a tentative program
for an All-Industry FM Association:

1. Plan for FM set production and de-
liveries to assure the availability of receivers
in each area served by FM broadcasting.

2. Work out FM promotion which can be
used in any area by broadcasters, ond
manufacturers, distribvtors, and dealers to
assure maximum effectiveness. These would
cover codperative demonstrations of all
kinds.

3. Plan methods whereby broadcasters
and manufacturers can work together to
educate distributors, dealers, and service-
men in the problems of demonstrating, in-
stalling, and servicing FM sets, to assure
satisfactory performance.

4. Set up standards of FM performance
as to fidelity and sensitivity, to protect pur-
chasers against misrepresentation ond sub-
standard reception.

5. Explore the problems and possibilities
of facsimile as an added public service, a
means of additional revenve for broad-
casters, and a new market for manu-
facturers. Also, consider methods of muti-
plexing sound and facsimile, and system
standards,

6. Represent the industry before the
FCC in matters pertaining to engineering
standards and regulations.

7. Hold an annual conference for this
discussion of program, operation, engineer-
ing, ond policy problems.

8. Organize seminars for advertising ex-
ecutives and program directors, with dis-
cussions and demonstrations of FM program
techniques.

9. Look into methods of 15,000-cycle
FM program distribution by wire or relay
systems, or by the use of recordings.

10. Finally, act as a clearing house for
the exchange of information among FM
broadcasters, set manufacturers, and con-
tributing services, for the purpose of im-
proving the standards of service rendered
to radio listeners.

radio reception, it is also true that this is
an all-industry undertaking, calling for
carefully integrated efforts by all groups
concerned.

In other words, it must be recognized
that broadcast stations and home re-
ceivers are parts of the same cireuit, and

that the task of raising the level of radio
service to the public calls for coiirdinated
cffort at both the output and the input
ends.

From those who are interested in form-
ing an all-industry association, we have
colleeted suggestions as to matters of
common interest to broadeasters and
manufacturers, on which an all-industry
association could take constructive action.
They are set forth separately on this page.
Because the idea of working together is a
new angle to broadcasters and set manu-
facturers, these suggestions deserve the
most careful consideration.

Of course, it is possible that an all-
industry association, whatever its po-
tential usefulness, cannot be set up. The
radio business was built by rugged in-
dividualists of widely varying and some-
times opposing interests. On the other
hand, the industry has passed the age of
adolescence, and if it does not accept the
responsibilities of maturity, the retro-
gression of AM radio service which had
set in before Pearl Harbor will continue
in the postwar period.

This much is clear: The shift to FM is
under way. Having overcome every op-
position to its establishinent, nothing can
stop FM now. The change may come
slowly and painfully, in which case it will
be costly. Or it may be worked out as a
natural transition from the old to the new,
and from what was good enough to launch
the industry, to what is required to put it
on a firm and stable basis, expanded in
usefulness to a degree which the pioncers
could not have foreseen 25 years ago.

If that is to be the case, no time
should be lost in setting up an all-industry
organization to ease and implement the
shift from AM to FM, and to protect
broadcasters, manufacturers, and the
public from losses which all will suffer
if battle lines are drawn between AM in-
terests that would maintain the status
quo, and the progressive proponents of
FM.

There are still some very important
figures in the industry who refuse to budge
from the AM positions they have taken
up, but they are only fighting a rear
guard action in the face of certain, ulti-
mate defeat. This recalls the old political
axiom: If you can't lick your opponent,
it’s best to join him.

FM IN ENGLAND

Because of interference from European
stations on the broadecast bands, the Brit-
ish Broadcasting Company has made ex-
haustive tests on FM, both at 45 and 90
me. The complete text of their report and
conclusions will be published in the
November issue of FM and TELEvIsION,
Great significance attaches to this report,
for it confirms in detail the advantages of
FM which have been claimed for it by its
proponents in the United States.
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This investigation, it is expected, will
mark the spread of FM broadcasting to
other countries.

IMPORTANT MEETINGS AHEAD

National Association of Broadcasters
October 21-24, Palmer House, Chicago
FM Broadcasters, Inc.
October 22, Palmer House, Chicago
Associated Police Communications Officers
October 28-30, Hotel Statler, Buffalo
Chairman, Lawrence Geno, Police

Department, Buffalo, N. Y.
Rochester Fall Meeting, IRE
November 11-13 Sheraton Hotel, Roch-
ester, N. Y.
Association of American Railroads
Annual Communications Section Meet-
ing, November 19-21, Hotel Statler,
Detroit. Chairman, A. S. Hunt, 30
Vesey Street, New York 7, N. Y.
Winter Technical Meeting, IRE
March 3-7, 34th St. Armory. Chairman,
Dr. James E. Shepherd, 330 W, 42nd
Street, New York City
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DYNAMIC NOISE SUPPRESSOR
FOR RECORDINGS

A Development in Noise Suppression Employing
Dynamic Bandwidth Gontrol
BY H. H. SCOTT*

NE of the world’s most important cul-
0 tural treasures is the vast library of
recorded musie, including definitive per-
formances of all of the greatest composi-
tions. All elassical and modern composers
are represented. and the artists and or-
chestras include the most famous names
of the past two decades. There are record-
ings of symphonies, operas, and other ex-
tended musical works performed in their
entirety, and much of the modern and
popular music conducted or perforined by
the composer himself or by the artist
who made it famous,

Noise Is Limiting Factor » This library of
recorded music is available at low cost to
every broadcast station and to every
phonograph owner, and the number of
selections is so large that the listener need
never be bored by too frequent repetition.
The standard of the music and the stand-
ing of the artists are so high as to require
no apology from any program direetor. In
the past, however, the use of phonograph
records has always been characterized
by the presence of annoying background
noise which could be redueed only at the
sacrifice of fidelity of reproduction. and
which has become incereasingly objectiona-
ble as transmitters and receivers have
been improved.

Particularly FM, with its inherent capa-
bilities of combining high fidelity witl low
noise level, has placed recorded music at
a serious disadvantage. Many FM sta-

* President, Technology Instrument Corporntion.
1058 Main Street, Waltham 54, Mass.

FIG. 2. THE AUTHOR WITH A DYNAMIC NOISE SUPPRES-
SOR SET UP TO WORK WITH TRANSCRIPTIONS AT WEE!

tions are local in character and have to
rely upon recorded material for a large
pereentage of their program time, and yet,
with common methods of utilizing such

-
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FIG. 1. EXTENT OF NOISE SUPPRESSION

material, the results in terms of fidelity
and noise level are far below the standard
expected of FM systems. Furthermore,
in the home, the ordinary FM-AM radio-
phonograph combination provides a tre-
mendous contrast between the fidelity

and quietness of live talent FM reception
and the ordinary reproduction of phono-
graph records.

The Dynamic Noise Suppressor * Recent de-
velopments have made possible a distinet
improvement in the reproduction of musie
from phonograph records. allowing prac-
tical utilization of the complete frequency
range engraved upon the records, with a
lower background noise than has hereto-
fore been possible. even in systems of se-
verely restricted response characteristics.
The Dynamic Noise Suppressor developed
by Technology Instrument Corporation,
represents the results of an extended in-
vestigation and development program
expressed in eircuits that are relatively
simple and can be adapted to many com-
mercial applications.

The method of operation of the dynamic
noise suppressor is based upon a practical
clectronic  application of fundamental
principles of acousties and physiology.
The threshold of hearing for the normal
car, that is, the lowest-level sound which
can be heard, varies with frequency, with
the result that the normal human being
can hear cxtremely low and high fre-
quency tones only at fairly high intensity
levels., The ability of the ear to hear a
given musical tone or overtone depends,
therefore, upon its frequency and loud-
ness. The orchestra or other source of
music generates air vibrations which vary
in frequency and amplitude, depending

upon the type of instrument. the type of
(CONTINUED ON PAGE 60)

FIGS. 3 AND 4. FRONT AND REAR VIEWS OF THE DEVICE WHICH EMPLOYS DYNAMIC BANDWIDTH CONTROL TO REDUCE NEEDLESS NOISES
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FIG. 1. THE FM COMMUNICATIONS UNIT AND THE COMPLETE COMPONENTS FOR A CAR INSTALLATION

NEW EQUIPMENT FOR MOBILE SERVICES

Units Developed hy Gomco Take Advantage of Operation at 152 to 162 M.

OR nearly two years, Communications
Company, Inc. has been producing FM
railroad radio equipment ! for the 152- to

* Industrial Engineer, Communications Company,
Inc., 300 Greco Avenue, Coral Gables 34, Fla.

1See 100- to 165-Mec. Mobile Units, by G. A.
Leap, FM aND TELEvVIsiON, May, 1945, and "' Prog-
ress Report on Railroad FM "' by Arnold C. Nygren,
FM anv TELEvIBION, December, 1945.

BY DONALD E. ANDERSEN™

162-me. band. Now we have developed
and are delivering mobile units for the
new band which are designed around the
special needs of taxi, transportation, and
police systems. In addition, we have sim-
plified the installation of the equipment
by working out a standard group of as-
sociated components, Fig. 1, which can

28

be put into any kind of car or truck with
the minimum of cutting and fitting.

The transmitter-receiver chassis and
the power supply chassis are separate, as
Fig. 1 shows, but they lock into a single
steel case occupying only 1.1 cu. ft. The
power supply, Fig. 2, fitsin at the bottom,
while the transmitter-receiver, Fig. 5,
goes at the top.

From the point of view of service, we
have found this separation to be the most
practical. Also, in anticipation of an in-
ereasing demand for selective calling, we
have allowed ample spaee for the relay as-
sembly on the power supply chassis.

Fig. 8 gives a block diagram of the
transmitter. The erystal-controlled oscil-
lator section of the 3A5 tube supplies RF
voltage to the 2E25 balanced modulator
grids. The plates of the modulator tubes
are connected in parallel, and the output
circuit is tuned to that of the erystal. The
output of the audio section of the 8A5 is
fed to the modulator grid, through a net-
work. It will be seen that the AF voltage
so impressed on the grids causes a relative
phase shift in the output frequency of the
modulators.

The next three stages, using 2E25 tubes,
produee an overall frequency multiplica-

FIG. 2. TOP VIEW OF THE POWER SUPPLY
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FIG. 4. THIS DIAGRAM SHOWS INTERESTING REFINEMENTS IN THE RECEIVER

tion of 24 times. The next stage, a 3D23
driver, also doubles the frequency and
provides exeitation to the final 3123
power amplifier. This stage, delivering 15
watts output, connects to the antenna
through a transmit-receive relay.

Meter shunt resistors are connected in
the grid returns of the various stages and,
with a selector switch, perinit the use of a
single meter for checking grid driveand the
tuning of all circuits except the antenna.

Fig. 4 shows the block diagram of the
receiver. The amplified signal from the
9001 RF stage is impressed on the first
mixer, using a 6AKS. Proper injection
voltage is obtained from the 1T4 fourth
doubler stage at a frequency 16 times that
of the 1'T4 erystal oscillator. The ontput
from the first mixer is coupled to the sec-
ond 6AKS mixer, which obtains its injec-
tion voltage from the second doubler.

The erystal frequency for a particular
signal frequency, and the values of IF
frequencies are found as follows:

IF, = 4fy — +.32 me.

also IF, = f, — 16f,
4.32
then Jx = f'+2—0 me.
where fi = crystal frequency
fo = signal frequency

IF = first IF
4.32 mc. = second IF

Output from the second mixer is ampli-

FIG. 6, TRANSMITTER-RECEIVER CHASSIS
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fied through 3 IF stages, using 1T4 tubes.
The third IF stage is coupled to the first
174 limiter, from which point is obtained
AVC voltage to apply to the 2 mixer and
3 IF stages. Overall gain from the an-

tenna to the first luniter grid is suffieient
to provide saturation of the grid by the
internal set noise.

The second limiter is transformer-
coupled to the diode plates of the two 155
tubes. The pentode seetions of these
tubes serve as push pull amplifiers for the
out-of-phase audio voltage developed
across the diode load resistors. Two 3Q5
tubes serve in the push-pull AF output.

The squeleh eircuit is of the noise-
operated type. In the absence of a signal.
the limiters are saturated by set noise, and
considerable AF noise voltage is devel-
oped in the plate eircuit of the second
limiter tube. This noise voltage is coupled
through a high-pass filter to the grid of
the 185 squelch tube. This filter removes
the awlio components helow 12,000 cy-
eles, preventing the possibility of carrier
maodulation tripping the squelch. After
amplification by the pentode section of the
185 squeleh tube, the noise voltage is ap-
plied to the 185 diode. The negative
voltage developed across the diode load
resistor is used to bias the push-pull 3Q5
AF tubes nearly to cutoff.

A signal of sufficient strength to over-
ride the noise level causes the noise vol-
tage from the second limiter to disappear.
Thus the cutoff bias is removed, and the
305 tubes are restored to normal bias and
operating conditions. Positive squelch is
further obtained by means of a relay in
the plate and screen supply circuit of the
3Q5 tubes. 1t operates when the biasis ap-
plied from the squeleh cireuit. In the
squelched condition, the relay is open.
and the contaets short the speaker voice
eoil to ground. When a signal is reeeived,
the relay is elosed and, in addition to re-
moving the ground from the voice coil, it
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closes the cireuit to a red indicator lamp
on the control panel.

Since quick-heater tubes are used, the
battery drain is zero in standby position
and 538 amperes when transmitting. Re-
ceiver drain is 3.8 amperes on standby and
4.2 when signals are being received. Andio
output is .7 watt.

42 TO 44 AND 72 TO 76 MC.

N July 16th, the FCC announced allo
cations for various services in the
ban:ds from 42.02 to 43.98 me. and from
72.02 to 75.98 mc. These are shown in the
accompanying tables. The assignments in
both bands are predicated on the initial
nse of channels 40 ke, wide.

According to the FCC announcement
coneerning allocations for 42 to +4 me.,
this band is to be cleared of FM broadcast
stations not later than January 1, 1947,
Depending upon the availability of FM
home radios for 88 to 108 me.. the Com
mission will consider before the end of this
vear whether FM broadeasting stations
now operating between 42 and ++ me. shall
be authorized temporarily to continue
low-band operation by shifting to the 44
to 50-mc. band. This would still leave the
door open for the assignment of 44 to 50
me. as an additional FM broadecast band
if there will not be room for all applicants
between 88 and 108 mec.

The IRAC has requested the FCC to
maintain an 800-kc. guard band around
the acronautical marker located at 75 ke.
during the interim period of its continued
use. When new air navigation aids are
completely developed it is expected that
the 800-ke. guard band will beavailable for
non-government. fixed and mobileservices.
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ASSIGNMENTS IN THE 42- TO 44-MC. BAND

POLICE—24 Channels

PROVISIONAL & EXPERI-

MENTAL — 1 Chonnel

POLICE

42.02
42.06
42.10
42.14
42.18
42.22
42.26
42.30
42.34
42.38
42.42
42.46
42.50
42.54
42.58
42.62
42.66
42.70
42.74

NOTE: To ovoid interference with FM stations still oparating in the band from 42 to 44 mc., each such FM
station will be protected until January 1, 1947, by ths provision of an 800-kc. guard band about its center

As of July 19, 1946

MARITIME MOBILE & GEOPHYSICAL—5 Channels

GENERAL HIGHWAY MOBILE—19 Channels

42.78
42.82
42.86
42.90
42.94

PROV. & EXPERIMENTAL
42,98

MARITIME MO3ILE &
GEOQPHYSICAL

43.92
43.06
43.10
43.14
43.18

frequency in the area in which it is located.

1 May provide radio communication service to all types of mobile units such as marine, land vehicles,
aireraft, etc. Pending final determination of the best method of operation of this service, these channels
will be assigned on an experimental basis — 12 for development on a common carrier basis, 4 for trucks,
and 4 for huses, except in those cases where it is shown that a different distribution is more desirable.

ASSIGNMENTS IN THE 72- TO 76-MC. BAND

FIRE—12 Channels

FORESTRY & CONSERVATION—8 Channels

POLICE—36 Chonnels

FOR. & CONS.—URBAN TRANSIT
72.02

SPECIAL EMERGENCY —PROV.

72.06
72.10

FOR. & CONS.—URBAN TRANSIT
72.14

PROV. & EXPERIMENTAL
72.18
72.22

FOR. & CONS.—URBAN TRANSIT
72.26

SPECIAL EMERGENCY—PROV.

72.30
72.34

FOR. & CONS.—URBAN TRANSIT
72.38

SPECIAL EMERGENCY—PROV.!
72.42
72.46

FOR. & CONS.—URBAN TRANSIT
72.50

SPECIAL EMERGENCY—PROV.!
72.54
72.58

1 Includes Highway Mainte-
nance.

? Including other clisses of
stations requiring similar radio
service,

As of July 19, 1946

POWER, PETROLEUM :—6 Channels
SPECIAL EMERGENCY, PROVISIONAL ! —10 Chonnels
URBAN TRANSIT, FORESTRY & CONS.—6 Channels

FOR. & CONS.—URBAN TRANSIT
72.62

SPECIAL EMERGENCY—PROV.!
72.66

FIRE
72.70
72.74
72.78
72.82
72.86
72.90
72.94
72.98
73.02
73.06
73.10
73.14

POLICE

73.18
73.22
73.26
73.30
73.34
73.38
73.42
73.46
73.50
73.54
73.58
73.62
73.66
73.70
73.74
73.78
73.82
73.86
73.90

GENERAL HIGHWAY MOBILE!
43.22
43.26
43.30
43.34
43.38
43.42
43.46
43.50
43.54
43.58
43.62
43.66
43.70
43.78
43.82
43.86
43.90
43.94
43.98

73.94
73.98
74.02
74.06
74.10
74.14
74.18
74.22
74.26
74.30
74.34
74.38
74.42
74.46
74.50
74.54
74.58

POWER—PETROLEUM *
75.42
75.46
75.50

SPECIAL EMERGENCY—PROV.!
75.54

POWER—PETROLEUM*
75.58
75.62
75.66

FOR. & CONS.
75.70
75.74
75.78
75.82
75.86
75.90
75.94
75.98

FM axp TeLEvisiON



COOPERATION 1S BUILDING FM AUDIENGES

How Zenith Radio Is Working with Broadcasters, Distributors, and Dealers
to Publicize FM's Advantages Over AM

HE old **build a better mousetrap™
story may be sound in theory. As an

advertising man, however, I have always
felt that the inventor’s door would be
far more heavily besieged if he paved the
road to it with advertising telling of the
superiority of his product.

FM is the “better mousetrap” of the
radio industry — with features so out-
standing and superior that most people
will ultimately become aware of them and
will want FM radios. Right now, they do
not appreciate fully what FM can do, why
it is better than AM, and to what extent
it can increase their enjoyment of broad-
cast reception. We have been disturbed
for some time by this obvious lack of
knowledge about FM on the part of the
general public. Potential buyers are not
the only ones who have little or no idea of
FM reception. In our surveys we discov-
ered that long-established radio dealers
were in the dark about this new kind of
radio broadcasting. This was true even in
the city of Chicago — which has had FM
broadeasting for more than six vears
where FM has been publicized with thou-
sands of words in the local newspapers
a city where actual demonstrations of
FM's features have been held for thou-
sands who attended broadcasts in the
audience studios of one of the eity’s largest
AM stations.

With the realization of this lack of
knowledge and appreciation of FM. we
have taken the first steps toward a broad
educational program. In our house-organ
for Zenith dealers, we recently published
a complete and non-technical deseription
of FM broadcasting — just what it is,
and why reeeption sounds so much better.
This article created tremendous interest
in FM on the part of our dealers and is
helping them get the story across to the
prospeets they contact.

However, the entire educational pro-
gram that must be carried out, if FM is to
reach the popularity we anticipate, is
far too big a job for us to do alone, or in
coiperation with our dealers. If this kind
of a program is to be thoroughly success-
ful. the coperation of all those engaged in
FM — broadcasting, manufacturing and
sales — is essential.

As a step in this direction, we have
recently released to all of our distributors
a comprchensive program containing our
suggestions for coiperative plans to be

* Director of Advertising, Zenith Radio Corpora-
tion, 6001 Dickens Avenue, Chicago 39, Il
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BY EDWARD R. TAYLOR*

followed out in cities throughout the
country, wherever an FM station is oper-
ating or is preparing to go on the air. In-
cluded in this program are definite things
to be done by the distributors and by the
dealers in whose territory the FM station
is located. These activities are designed
to foens attention of radio listeners
throughout the territory on the new FM

EDWARD R. TAYLOR SELLS FM SETS BY
HELPING TO BUILD FM AUDIENCES

station and to increase the sale of FM
radios by building a desire to hear FM
broadcasts.

We suggest that dealers hold open
house in their showrooms, with the FM
station presenting special programs high-
lighting the advantages of this new kind
of broadcasting. We suggest that dealers
and distributors place FM receivers in
hotel and theatre lobbies and similar
places, tuning themtothe local FM station.

Many other suggestions for radio deal-
ers and distributors are included in the
program. What we consider the most im-
portant parts of the outline. however, are
the promotional ideas for our distributors
to present to the FM stations themselves.
Among these ideas are the following:

We have prepared a series of newspaper
articles, written in non-technicallanguage,
explaining the advantages of FM, and
emphasizing each of its features of superi-
ority over standard AM radio. It is our
suggestion that this series of general arti-

formerly FM, and FM Rapio-ELkcrroNics

cles be supplemented by a feature story
about the local station. telling of its pro-
gram plans, the personnel, and the trans-
mitter and studios. This article should be
written by the station promotion man or
by a newspaper reporter. Because FM is
new, and because the public is interested
in learning more about it, these articles
have definite news value, and will be gladly
accepted by the local newspaper editors,

We suggest that FM stations arrange
with local papers for a daily editorial
feature in the form of an FM Question
Box, to appear on the radio page. Each
day. one of the questions frequently asked
about FM can be answered.

Since one of the greatest advantages
of FM is its high fidelity, we suggest
that stations arrange for a series of broad-
casts by a prominent local orchestra or
musical group.

Music teachers, aware of the compara-
tively poor fidelity of standard radio, are
highly enthusiastic about FM when they
learn about the finer reception it makes
possible. FM stations should send mailings
to all music teachers in their respective
service arcas, explaining this new kind of
broadcasting. These teachers. who have
much to do with influencing community
thinking along musical hines, should be
invited to visit radio dealers for demon-
strations of FM reception. and conducted
tours of the broadcasting stations should
be held at their convenience.

Many local theatres are glad to partici-
pate in demonstrations of FM reception,
A tried-and-true stunt is that of having
an FM receiver and a live musician on the
stage, playing the same selections. This
gives the audience the opportunity of com-
paring the FM broadeast and the *in
person” performance, and of recognizing
the true fidelity provided by FM receivers.

FM stations are finding music stores to
be most cobperative. We suggest that a
program be worked out in which the musie
store features FM receivers and publi-
cizes the station, which, in turn, calls at-
tention to the fact that the records being
broadcast are obtainable at the coiperat-
ing music store.

These are but a few of the promotional
stunts any F>M station can use to build an
interested audience in a short time.

The covperative program we have out-
lined is based upon our own experience in
the fietd. We are not reeent converts to
FM. Our interest in this kind of broad-

(CONCLUDED ON PAGE 76)
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WILL NEWSPAPERS SELL THEIR PRESSES?

If Facsimile Is Planned for Most Effective Public Service, It Will Not Compete with Newspapers

XS, you read the headline correctly.

In view of the possibility that news
will soon be delivered to homes directly
by facsimile, should newspapers replace
old presses now, or invest in new printing
equipment?

At a publishers’ meeting in Washington,
publicity was given to the fine delivery
record, percentagewisce, made by news-
papers during the past year, despite a
full share of trying difficulties. Does the
wide publicity given to this report mean
that the publishers arc already on the de-
fensive against wire and radio facsimile
delivery of news as a substitute for the
physical delivery of the paper itself?
I’robably not, but in some quarters the
question is being asked: Should we stop
expanding our printing plant equipment?

My answer to the question would be
No, because I believe that the net effect
of facsimile will be to whet the public
appetite for better newspapers, and to
create new layers and areas of readers that
Jo not exist today.

I presume to offer an opinion because
my interest in transmitting pictures over
wires or wireless, as it was then known,
goes back to the 1907-08 era when vac-
uuin tube amplifiers were unknown and
the coherer and electrolytic detector
were in vogue. Forty years ago, my con-
cept of sending pfetures was to use a half-
tone plate with a microphone and needle

* President, Alden Products Company and Alfax
Programs, Ine., Brockton, Mass.

BY MILTON ALDEN*

for pickup at the sending end, and a
converted telephone receiver with cut-
ting stylus for the reproducer at the re-
ceiving end. This early interest, although
only academic and experimental, was re-
vived about ten years ago when I coiper-
ated with other carly workers in the fac-
simile field by taking a workable labora-
tory model of a facsimile recorder and
advancing it to a more presentable model
for demonstration and possible manu-
facture.

This ecarly work gave me the oppor-
tunity to observe and follow the experi-
mental facsimile tests conducted by news-
papers and, subsequently, to meet many
people from all over the world whose
interest has been aroused by the possibili-
ties of this development.

This early interest in facsimile and a
knowledge of its ultimate possibilities
motivated the initial program set up at
Alden Products Company at the time we
first undertook the development and
manufacture of facsimile equipment. Be-
hind this plan was the purpose of pre-
paring to take an active part in the field if
and when the associated facilities were
available to provide facsimile service on a
large scale.

It will be seen, therefore, that I have
reason to be pro-facsimile.

In our varied work during the war, we
participated in, and were able to observe
in operation, the correlation of technical
problems that had stymied prewar fac-

FACSIMILE SCANNER AND RECORDER CAPABLE OF HANDLING 8-COLUMN SHEETS

FIRST BREAX 0
MEAT snonu':;;

simile. In the light of this experience, we
feel that there appear to be no technical
obstacles or other serious difficulties to
putting home facsimile in operation.

Such problems as remain lie more in
human nature, psychology, inertia, and
non-technical factors.

Many vears ago, in the early experi-
mentation by The Milwaukee Journal,
Walter Damm made the observation that
the success of facsimile lies entirely in the
program.

Here lies the crux of the whole matter,
now that the technical obstacles have
been hurdled, and the FCC has given
facsimile its blessing.

The more facsimile is studied, the more
apparent it becomes that it will not re-
place newspapers, although we are build-
ing equipment that will duplicate full-
size newspaper pages. From the use tests
with this equipment, it appears to be an
excellent means of sending sections or
the complete format of publications by
micro-wave relays to distant cities for re-
production. It does not, however, seem
logical to send a full-size newspaper, as is.
into the home.

However, one researcher has advocated
this. He considers the facsimile recorder
one more home utility, perhaps located
in the kitchen or hall where the milkman
or some other serviceman can keep the
recorder loaded with blank paper. How-
ever, using the most optimistic possible
figures for paper, service, and capital
investment, it does not seem to add up.
Of course, someone may easily disprove
the above conclusion by doing it; but it
does not seem immediate or country-wide
in its possibilities.

Whatever the ultimate decision as to
the proper format for home facsimile,
there is no limitation inherent in equip-
ment already developed to the point where
it can be put into quantity production
at any time. If it should transpire that
different facsimile services will be required
to meet the needs of scparate groups,
equipment can be furnished as soon as
specifications are prepared.

The range of available equipment is
shown in the accompanying illustrations.
At the left is the scanner and recorder for
handling standard 8-column newspaper
pages. At the right is a model of a chair-
side radio receiver and 4-in. facsimile
recorder. This was built in the course of
our investigation of audiences reactions, to
determine preferences for different typesof
installations, for wide and narrow format.
and for various kinds of program material.
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Once again, the more facsimile pro-
grams are studied, the more it becomes
self-evident that the successful program-
ming that will pay off will be less like
newspapers and more like women’s maga-
zines.

Logically, facsimile should be trans-
mitted simultaneously with sound pro-
grams, using one broadcast transmnitter
and the same home receivers for both
services. Generally, facsimile and sound
program material would be related, but
not necessarily. This calls for a whole
new art of programming, as different from
present sound programs as talking picture
produetion is from that of silent pietures.

The programs must and will be so in-
tensely vital to women and children that
they will feel they cannot iss those
which appeal to their favorite interests
and tastes. With the proper feature pro-
grams, the “hours of use” of radio sets
will exceed anything previously known.

Facsimile must offer more than mere
news service. Experimental programs
clearly showed indifference to news sent
at night over facsimile.

Unusual spot news, of course. Every-
one would like that. It can and should
be a featured part of any facsimile opera-
tion, but only as one element of the pro-
gram plan. Facsimile recording ean easily
deliver twice as many words per minute
as a news commentator, or the saine num-
ber of words plus an advertisement or
an ilustration recorded alongside the
news column at the same time. This ean be
done by our smallest home unit using 4-in.
paper, a size favored because of eon-
venicnee and low paper cost. This news
service alone, however, would not assure
the eommercial sucecess of facsimile. In
fact, facsimile service would be seriously
limited if it were planned as direct com-
petition with newspapers.

Facsimile offers a totally new kind of
service supplementing newspapers and
sound broadecasting, but replaeing neither.
In the home, it can be used simultancously
with sound programs, or it can be left
unattended to record transmission during
the owner’s absence.

In the former capacity, facsimile makes
possible illustrated sound broadcasting.
It can create in the home innumerable
program adjuncts, from pictures of star
performers or public figures, to sporting
events or news shots and maps, to say
nothing of illustrating products and pack-
ages and furnishing coupons or contest
blanks. Cobrdinated voice and facsiiile
can even produce and read funnies for the
children!

Operated independently, facsimile can
furnish printed programs and preview
shots of the day’s broadcast features,
with sponsors’ names and product pictures
added, thereby increasing theeffeetiveness
of sound broadcasting. News flashes,
sports bulletins, and photos can be put
on the air without interrupting audio pro-
grams. Stock market quotations, racing
results, ball scores, and other information

which, if reported by voice, are forgotten
if not recorded, come naturally within
the scope of facsimile service.

Hlustrated articles on various special
subjects, short stories, and condensed
novels similar to those in Reader’s Digest
can be transmitted during off-peak hours.
The most important functions of fac-
simile, it will be noted, are more competi-
tive with magazines than newspapers,
yet the preparation of material for trans-
mission would not follow the style of
either medium. No, facsimile is indeed
a completely new kind of publie service.
and one which opens so many new ave-
nues that its ultimate success is already
assured.

The problems, however, do not stop
with programs. Our present researclh is be-
ing directed also to the study of reactions
to facsimile chairside sets, wall models
and service models. YWe’re more concerned
about making it casy for the average
person to put paper in the machine, the
(uestion as to what size type he likes,
and the best illustrating technique, than
we are about any of the engineering tech-
nical difficulties. For this rescarch we are
producing prototype universal scanners.
These can send copy of any width at any
number of lines per inch, and can handle
any kind of program material. For the
receiving end, we are making recorders
of various widths. With such equipment,
actual listener-recader reactions can be
determined.

Alfax Programs, Ine. has been organ-
ized to conduct this research, and to pre-
pare and provide high-grade feature pro-
grams for the day and night. It is also
working out techniques that can be
handed on to the local stations, so that
local programs will equal the standards of
feature programs supplied to them. In
this connection, it is important to note
that facsimile programs of all types can
be transecribed, and the dises can be dis-
tributed by mail or express.

The object of our research is to obtain
facts for ercating programs which will
pay, without too much initial trial and
error.

Preliminary research indicates that
such programs will probably not be in
columns, or follow newspaper technique
but, because of the continuous paper, will
read directly across the page, at least in
the 4-in. width.

Facsimile, in my estimation, will never
replace the newspaper. It may give some
people all the news they want, much as
the present radio does. llowever, to offset
this loss, many people who now are not
news-conscious will hecome so, and want
complete information on subjects that
facsimile can only handle in bulletin style.

Facsimile may hurt the inferior maga-
zines but, in gencral, it will accentuate
interest and desire for the colors and fine
illustrations of well-printed publications.

Facsimile can easily raise the national
standards of literacy and culture, bene-
fiting all media. Beecause people eat more
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dairy products than formerly, it does not
mean they have cut their meat bills. Sta-
tisties show that people now eat more
and better food, and that health and the
total food expenditure have increased.
Radio broadcasting ¢id not kill the phono-
graph record business, but it expanded
mto a multi-million-dollar industry.

Facsimile will have its broadening
influence and will stimulate wants, but
in the metropolitan arcas it can never
take the place of newspapers with all
their detailed news reports, and large-
space advertising. In the suburban and
rural communities the personal, loecal
gossip and the quality of advertising in
the local weekly papers, plus features cor-
responding to the large dailies, have such
a definite place that faesimile will never
replace thiem, although it can serve to
develop community interest.

The cost of facsimile advertising per
dollar of results can be much lower than
in newspapers because of the lower pro-
duction and delivery costs. Morcover.
facsimile advertisements are much more
effective per square inch of area because
attention is focused on a narrow page.
and not distracted by a large arca of com
peting text and advertising.

Altogether, while this discussion does
not spell out in specific detail exactly
what lies alicad in facsimile, it is certain
that there are so many possibilities of-
fered by facsimile that successful opera-
tion is inevitable. Further, the many
phases of facsimile applications which
need study can be worked out in any area
by the simple method of transmission
over existing FM broadecast stations, and
rotating a small nnmber of recording ma-
chines among families selected from differ-
ent occupational and income groups.

4-IN. FACSIMILE AND RADIO RECEIVER




SPOT NEWS NOTES

FMBI: There will be a meeting of FM
Broadeasters, Inc. at the NAB Chicago
Conferenee on October 21st at 3:00 p.m.
This is a most important meeting, for its
purpose is to determine the future course
of FMBI. Members should make a special
effort to attend.

J. E. Brown: Zenith Radio’s chief engineer,
speaking of AM recciver performance:
" When a radio manufacturer designs an
AM radio receiver for widerspread sale
over the U. S, he must provide in that re-
ceiver adequate selectivity to secure satis-
factory reception in the present hroad-
casting structure where stations are
spaced 10 ke. apart. This will automati-
cally limit the fidelity of the receiver to
the point where there's essentially noth-
ing left at 5,000 cyeles. There is very little
out of the receiver at 4,000 ¢veles.™

Everett L. Dillard: ITead of Commereial Radio
Equipment Company says: “FM means
Folding Money because FM offers the
greatest opportunity in the history of
radio to sell more higher-price radio set
units with less sales cost or sales resist-
ance.”

APCO Conference: Most important meeting
of the year for conununieations men is the
annual conference of the Associated Po-
lice Communications Officers, October
28th to 30th, at Hotel Statler, Buffalo,
N. Y. Chairman is Lawrence Geno, of the
Buffalo Police Department. FM  axp
TeLEvisioN will have booth 33, just out-
side the conference room.

Technical Data: I’ublication of The Collins
Signal has been resumed by Collins Radio
Company., Cedar Rapids, Ta. Under the
editorship of Lew H, Morse, articles will
cover subjects of interest to broadcast.
communications, and airlines engineers.
and radio experimenters. Those desiring
to be put on the mailing list should send
their names to the Collins Signal Office.

Dale Pollack: Former viee president in
charge of engineering at Templetone
Radio has opened an engineering office
and laboratory at 352 Pequot \venue,
New London, Conn. He will handle engi-
neering and design problems of FM re-
ceivers and transmitters, and complete
communications systems.

V-2 Rocket: Telemetering equipment, built
by Wilmotte Mannfacturing Company,
Washington, D. C., successfully recorded
cosmic ray data from Geiger Tube tele-
scopes mounted in a V-2 rocket, up to a
height beyond 400,000 ft.

FM Engineering Clinic: A 3-day enginecring

34

clinie, organized by Radio Engineering
Laboratories, Long Island City, will eon-
vene on December 2nd. Sessions  will
cover a review of FM theory, a study of
equipment and operating techniques, lab-
oratory work, and a round table discus-
sion of practical problems. Sessions will be
conducted by Frank \. Gunther, assisted
by outstanding engincers in the FM
broadecasting field.

It's Different Now: Announcement that Beck-
ley, W. Va., has an FM station on the air
brings to mind the last time we spent the
night there. Equipped with a high-power

NEW YORK DEPARTMENT STORES OFFER
THIS U. S. TELEVISION MODEL AT $1995

AM portable, we pulled in a dial-full of
squeals, squawks, and co-channel inter-
ferenee, but the only intelligible reception
came from the Fort Worth Star Tele-
gram’s station!

Voice from the Dark: Speaking at Washington
on September 18th. RMA president Cos-
grove confessed: *'The three FM sets in
this room are the first I've seen.” Then he
said: ‘I deplore the fact that some FM
stations advise the public not to buy radio
sets until they have FM. What about the
1,500,000 AM sets produeed last month?”

This reminds us of Major Armstrong’s
remark: **If they haven’t sense enough to
get into FM, let em go broke!™ Appar-
ently Mr. Cosgrove sees some such hand-
writing on the wall for, referring to the
present deluge of AM table model produc-
tion which is beginning to back np on
dealers’ shelves, he warned of the danger
in the present ‘profitless prosperity™
resulting in operating loss of more than

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

$1.000,000 at cach of three major pro-
ducers of AM sets,

NAB Conference: We shall be on hand to
greet our old friends and to meet new ones
in Room 881, where the exhibits will be
set up in the Palimer House. Our room is
next door to RCA.

Television Receivers: Full-page advertisement
in The New York Times offered television
receivers with 21-in. viewing screen at
$1995, with 135-in. screen at $1493, and
with 10-in. direct-view tube at $743.
These models, from U, 8. Television Mfg.
Corporation, 3 W. 61st Street. New York
City, were put on sale at Maey's, Bloom-
ingdale’s, Abraham & Straus, and at
Bamberger's. all offered for immediate
delivery.

David Sarnoff: Speaking at a dinner on
September 30th, contmemorating his 40
vears in radio: ** Unfortunately, in the so-
cial and political spheres. our imagina-
tions cover a rather limited radius. Many
men will risk their lives to solve a scien-
tific problem: few will risk their comfort or
security to solve a social or political
problem. Therefore. the most important
problem of all is the selection of eoura-
geous, competent and wise leaders. That
kind of leadership calls for more than
mere exercise of authority: it calls for
imagination, initiative. direction and
guidanee.”

FM in England: The British Broadcasting
Company has completed very thorough
field tests of FM broadcasting at 45 me.
and 90 me., including comparisons with
AM and pulse modulation on the same
frequencies. These tests covered transmis-
sion from Alexandra Palace. in London,
and at Moorside Edge, near Hudders-
field. in hilly country.

The findings of this extensive investi-
gation have been presented in the B.B.(".
Quarterly by 1. L. Kirks, Head of Re-
search Department, B.B.C. Engineering
Division. Because this report presents a
totally independent point of view, ar-
rangements have been made through the
British Inforination Serviee to publish the
findings in full in a forthcoming issuc of
FM anp TELEVISION.

Onthe Air: Up to September 16th, 15 upper-
band 1-kw. KM transmitters and one
250-watt type had been installed by REL.
The stations are W2XMN, .\lpine,
WINNX, Washington, D. C.. WDRC-FM
and WTIC-FM Hartford, WENA De-
troit, WNDBF-FM Binghamton, WGTR
Paxton, WMI'T Winston-Salem, WIL-FM
St. Louis, WRCM New Orleans, WRAL
(CONTINUED ON PAGE 66)
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NEWS PICTURE

HIPMENT of the 50th General Elec-
tric new-band FM transmitter marked

an important milestone for G. E.’s Syra-
cuse plant, and for the progress of FM
broadeasting. The 50th transmitter, shown
here, went to Battling Len Asch. whose

Schenectady station WBCA. holds top
rank among the FM independents.

From left to right in this picture are
Col. E. C. Page, vice president in charge
of engineering for Mutual Broadcasting
Systemn; Leonard Asch of WBCA: W, R.
David, G. E.’s broadeast equipment sales
manager; and Howard Mandernach. New
York district manager for electronics.

All of the 50 transmitters shipped so far
have been 250-watt installations. Now,
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3-kw. amplifiers, 1o be driven by the basie
250-watt units, are in production, and
deliveries will start in October. The first
will go to WGY. Chicago, and the second
to the Canadian Broadcasting Company’s
Montreal station. Others will be shipped
in rapid succession .

Fach 250 watt transmitter provides
service to another market for FM re-
ceivers. These 50 installations will create
a demand for new sets by the thousands.
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WHAT WQXQ NEW YORK IS DOING

An Account of the Present Activities and Future Plans for WOXR's FM Affiliate

QXQ is the FM affiliate of standard

broadcasting station WQXR, in New
York. Like WQXR, it is licensed to Inter-
state Broadcasting Company, owned by
The New York Times and managed by
Elliott Sanger and myself. The transmit-
ter is located on the 54th floor of the
Chanin Building, at $2ud street and Lex-
ington avenue, with the antenna more
than 600 ft. above sea level. With a
high-gain antenna at this height, the
power of the new Western Electric trans-
mitter now being installed will permit
WQXQ to give outstanding service on its
new frequency of 97.7 mc.

This upper-frequency service could be-
gin tomorrow, since the driver unit of the
new high-power transmitter is already
delivered, except for the fact that there is
not yet enough 60-cycle power available
at the Chanin roof to permit simultaneous
operation of the new 97.7-me. unit and
the old 45.9-mc. REL 1-kw. transmitter.

We have our choice of operating one or
the other, but not both. In this area, it is
more importint to serve the listeners
who have FM receivers that will tune to
45.9 mc. than to radiate our programs on
the new frequency alone, since there are
still relatively few receiving sets here that
will bring in FM programs on the 88-
to 108-mc. band. Consequently, WQXQ
continues to send out its programs on
45.9 mc. from five o’clock in the afternoon
to after midnight weekdays and Sundays.
FM listeners within something like a 50-
mile radius can continue to hear the news
and good music on programs that are
characteristic of WQXR.

For the most part, WQXQ transmits
simultaneously the programs that origi-
nate in our WQXR studios. Whether this
practice will be continued after a substan-
tial audience has been developed on the
new FM frequencies, or whether WQXQ
will be programmed separately from
WQXR, has not yet been decided. Our
studio facilities are adequate to permit
completely independent program opera-
tion of the two stations, but under to-
day’s conditions it appears best to run
the same program on both WQXR and
WQXQ. In the future, it may well be-
come more desirable to appeal to two com-
pletely different sets of listeners by using
different programs on the two stations.

Whatever the program policy may be
from year to year, Interstate and The
New York Times intend to push the serv-

* President, Interstate Broadcasting Co., Inc., 730
Fifth Avenue, New York City.
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BY JOHN V. L. HOGAN *

ice possibilities of FM to the limit. We all
feel that FM has great potentialities, as I
myself have believed from the days of
Major Armstrong’s first developments,
and we propose to provide public services
that will make use of the new facility as
fully as possible. In the foresceable future,
we believe that FM will be found able to

OW much money and how much time are
needed to start an FM station and
develop it to the point of profitable opera-
tion? That question is being asked right now
by many individuals and organizations who
have started or are preparing to start in the
FM broadcast field.

In this connection, the success of John V. L.
Hogan's New York AM station WQXR has
drawn much attention. This venture was
started with a shoe-string investment to carry
a minimum of personnel and to acquire a
record library and a low-power transmitter.
Consistently breaking all the rules for success
by programming the station for an audience
above the intellectual level to which most
broadcasting is directed, John Hogan created
an equity which he sold to "The New York
Times" not long ago for about one million
dollars.

He accomplished more than that. Largely
in recognition of the distinctive service per-
formed by WQXR, the FCC granted him
successive power increases and protection of
his frequency.

Because John Hogan is also a pioneer in
FM, we asked him to bring our readers up
to date on the present activities and future
plans of WQXR's FM affiliate, WQXQ.
Specifically, we asked him what is going to
be done with WQXQ under "The Times'"
ownership and his management. His reply is
presented here.

provide a better service than can he had
from AM stations on any regional or
local channel. We think that this should
result in an abandonment by AM stations
of local and regional positious, and a shift
to FM. This cannot happen, however, as
we see it, until there are enough new-
band FM receivers in use to provide a
potential audience as large as today’s po-
tential or actual andience for the local and
regional AM stations.

Since AM station WQXR on the
1560-ke. cleared channel, sharing only
with KPMC in Bakersfield, California, is
not subject to a night-time interference
limitation by co-channel stations, we ex-
pect to continue its development for
serving listeners within WQXR’s primary
or daytime area and also those within the
Eastern third of the USA, where WQXR
now has thousands of night-time sky-
wave listeners. The 1,500- to 1,600-kc.

sky-wave develops useful intensities at
considerable distances almost immedi-
ately after sunset, and offers great oppor-
tunity to deliver programs to suburban
and rural listeners who do not get FM
service at this time. Thus, we feel that
with a cleared channel station we are
committed to continue its expansion, but
this does not in any way restrict our en-
thusiasm for carrying forward the most
intensive development of our FM broad-
casting to supply high-fidelity programs
to still mnore families in the metropolitan
New York area.

Another FM service that WQXQ plans
to provide is facsimile broadcasting di-
rectly to the home. WQXQ was one of the
pioneer participants in the Broadcasters’
Facsimile Analysis, organized by WOR
and Radio Inventions, Inc. We are now
awaiting delivery of standard facsimile
equipment from the General Electric
Company. As soon as it is available,
which we anticipate will be early in 1947,
we plan to use WQXQ for the scheduled
transmission of facsimile news and maga-
zine features. We have not yet made final
plans for this initial facsimile program-
ming, for much will depend upon the divi-
sion of time on WQXQ between aural
programs and visual facsimile.

As of today, it looks to us as thongh
we would put out several four-page, 13-
minute editions of a facsimile magazine
every day, perhaps at 4-hour intervals,
beginning at 8 A.M. and ending at mid-
night. Later, of course, the 97.7-mc. chan-
nel will have to carry at least 17 hours of
sound programs every day, as WQXR
does now on its 1,560-kc. AM channel.
Our facsimile magazine will either go out
over a second FM transmitter on a dif-
ferent frequency or else on 97.7 mc. by
means of multiplex.

It scems reasonable to believe that, by
that time, somcone will have solved the
facsimile-sound multiplex problem to the
satisfaction of the Federal Communica-
tions Commisston. In our view, the FCC
is very reasonable in requiring that fac-
simile-sound multiplex 1) shall not de-
grade the high-fidelity transmission of
sound on FM, and 2) shall not require
the users of FM sound receivers to pay for
or install special filters to exclude the
facsimile signals. But when these require-
ments are met, we foresee a tremendous
expansion of FM by reason of the possi-
bility of cobrdinating facsimile and sound
programs on a single FM channel.

In a word, we at WQXQ-WQXR are

(CONCLUDED ON PAGE 66)
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MAGNETRON: GENERATOR OF CENTIMETER WAVES

The Theory of the Magnetron, and Its Development as a Practical Means for
Generating Gentimeter Waves—1st Installment

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

INTRODUCTION

ATE in the summer of 1940, a fire con-
trol radar operating at 700 me. was in
an advanced state of development at the
Bell Telephone Laboratories. The pulse
power of this radar was generated by a
pair of triodes operating near their upper
limit of frequency. Even when driven to
the point where tube life was short, the
generator produced peak power in ecach
pulse of only 2 kw., a quantity usable but
marginal. Although the triodes employed
had not been designed for high voltage
pulsed operation, they were the best
available. This is an example of how de-
velopment of radar in the centimeter
wave region was eircumseribed by the
lack of a generator of adequate power and
reasonable life expectaney. Moreover, the
prospects of improvement of the triode as
a power generator at these wavelengths
and extension of its use to shorter wave-
lengths were not bright. Solution of the
problem by means of power amplification
was remote. A new source of centimeter
wave power was urgently neceded.

For the British, who were at war, the
problem was even more urgent. They had
undertaken a vigorous scarch for a new
type of generator of sufficiently high
power and frequency to make airborne
radar practicable in the defense against
enemy night bombers. They found a solu-
tion in the multiresonator magnetron
oscillator, adniirably suited to pulsed gen-
cration of centimeter waves of high power.

In the fall of 1940, an early model of
this magnetron opcrating at 10 cm. was
brought to the United States for examina-
tion. The first American test of its output
power capabilities was made on October
6, 1940, in the Bell Telephone Labora-
tories’ radio laboratory at Whippany,
N. J. This test confirmed British informa-
tion and demonstrated that a generator
now existed which could supply several
times the power that our triodes delivered
and at a frequency four times as great.
The most important restraint on the de-
velopment of radar in the centimeter
wavelength region had now been removed.

A number of pressing questions re-
mained to be answered, however. Could
the new magnetron be reproduced quickly
and in quantity? Was its operating life

» '_Phy-ical Research Department, Bell Telephone
Laboratories, 195 Broadway, New York, N. Y.

HE development of Magnetron tubes, one

of radio’s greatest contributions to military
equipment for both defensive and offensive
warfare, promises to be equally important
in peacetime communications. Types now
available can be used as continuous wave
generators of frequencies between 600 mec.
and 60,000 mc., handling from 100 kw. ot
30,000 mc. up to 3,000 kw. at 3,000 mec.
Moreover, they can be used in Frequency
Modulation circuits.

Now that peacetime applications of mag-
netrons are being explored, radio engineers
should be fore-armed with an understand-
ing af these tubes. Handling high power at
the upper limit of radio frequencies, they
open up many new possibilities for point-to-
point and relay services. They may be the
eventual answer to television transmission,
and perhaps to an ultimate broadcasting
system in which one central station at each
service area will supply a choice of audio
and television programs, plus facsimile re-
ports of business and general news, and
magazine features.

Accordingly, by permission of the Ameri-
can Telephone and Telegraph Company, we
present here the first installment of a paper
on magnetron tubes by Drs, Fisk, Hagstrum,
and Hartman, originally published in "The
Bell System Technical Journal* of April,
1946. Written by three members of Bell
Telephone Laboratories’ physical research
department who were engaged in the
development of magnetrons during the war,
this paper may well be considered a classic
exposition, and of continving valve for
reference purposes.

Permission to publish this poper was
obtained through the courtesy of Dr, J. O.
Perrine, co-editor of "The Bell System Tech-
nical Journal.”

satisfactory? Could its efficiency and out-
put power be substantially increased?
Could one construct similar magnetrons
at 40 cm., at 3 cm., even at 1 em.? Could
the magnetron oscillator be tuned con-
veniently? One by one, during the war
years, all of these questions have heen
answered in the affirmative. In many in-
stances, but not without detours and de-
lays, results have been better than hoped
for or expected.

The British magnetron was first repro-
duced in America at the Bell Telephone
Laboratories for use in its radar develop-
ments and those at the Radiation Labora-
tory of the National Defense Research
Committee which was then being formed
at the Massachusetts Institute of Tech-
nology. Since that time, extensive research
and development work has been carried
on in our Laboratories, in other industrial
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laboratories. and in the laboratories of the
National Defense Research Committee.
Several manufacturers have produeed the
resultant designs. Magnetron research
and development was also carried on in
Great Britain by governmental and indus-
trial laboratories. There has been continu-
ous interchange of information among all
these laboratories through visits and
written reports. Magnetron and radar de-
velopments have been greatly accelerated
by this interchange.

Multicavity maguetron oscillators are
now available for use as pulsed and con-
tinuous wave generators at wavelengths
from approximately 0.5 to 50 cm. The
upper limit of peak power is now about
100 kw. at I cm., 3,000 kw. at 10 em. Op-
erating voltages may be less than 1 kilo-
volt or more than 40 kilovolts. The mag-
netic fields essential to operation range
from 600 to 13.000 gauss. Tunable mag-
netrons now exist for many parts of the
centimeter wave region. The tuning range
for pulsed operation at high voltage is
about +39. It Is as much as +209 for
low voltage magnetrons. Magnetrons may
now be tuned eclectronically, making fre-
quency modulation possible. Dresent
magnetron cathodes are rugged and have
long life. Even for high-frequency mag-
netrons where current density require-
ments are most severe, research has made
available rugged cathodes with adequate
life. Magnetrons are built to withstand
shock and vibration without change in
characteristics. 1esigns have been com-
pressed and in somne cases the magnet has
been incorporated in the mnagnetron struc-
ture in the interest of light weight for air-
borne radar equipments.

PART 1 of this paper is a general dis-
cussion of present knowledge concerning
the magnetron oscillator. As such, it is
largely a discussion of what has come to
be common knowledge among those who
have carried out wartime developments.
It brings together in one place results of
work done by all the magnetron research
groups including that at our Laboratories.
Part 1 supplies the background necessary
to understanding the discussion in PART
2 of the magnetrons developed at the Bell
Laboratories during the war. More com-
plete presentations of the experimental
and theoretical work done on the mag-
netron during the war are soon to be pub-
lished by other research groups.
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The material written up during the war
has appeared as seeret or confidential re-
ports issued by the British Committee on
Valve Development (CVD Magnetron
Reports). by the Radiation Laboratories
at the Massachusetts Institute of Tech-
nology and at Columbia University. and
by the participating industrial labora-
tories. No attempt has been made in
ParT 1 to indicate the specifie sources of
the work done since 1940. To fit the war-
time development of magnetrons into the
sequence of previous developments, spe-
cific references are made to publications
appearing in the literature prior to 1940,

The nature and scope of Parr 2 of the
paper are discussed more fully in its in-
troductory  Section, 11. GENERaL Re-
MARKS,

PART 1—THE MAGNETRON
OSCILLATOR

1. General Description * 1.1 Deseription: The
multicavity magnetron oscillator  has
three prineipal component parts: an clee-
tron interaction space, a multiple res-
onator system, and an output circuit.
Each of these is illustrated schematicaliy
in Fig. 1. The eleetron interaction space
is the region of eylindrical svmmetry be-
tween the cathode and the multisegment
anode. In this region clectrons emitted
from the eylindrical cathode move under
the action of the DC radial electrie field.
the DC axial magnetic field, and the RF
field set up by the resonator system be-
tween the anode segments. These elee-
tronic motions result in a net transfer of
energy from the DC electrie field to the
RF ficld. The RF interaction field is the
fringing electric field appearing between
the anode segments, built up and main-
tained by the multicavity resonator in the
anode block. RF cnergy fed into the res-
onator system by the electrons is delivered
through the output circuit to the useful
load. The output circuit shown in Fig. 1
consists of a loop, inductively coupled to
one of the hole and slot cavities, feeding
a coaxial line.

To operate such a magnetron oscillator,
one must place it in a magnetic field of
suitable strength and apply a voltage of
proper magnitude to its cathode, driving
the cathode negative with respect to the
anode. This voltage may be constant or
pulsed. In the latter case. the voltage is
applied suddenly by a so-called pulser or
modulator for short intervals, usually of
about 1 microsecond duration at a repeti-
tion rate of about 1,000 pulses per second.
With suitable values of the operating
parameters, the magnetron oscillates as a
sell excited oscillator whenever the DC
voltage is applied. The energy available
at the output circuit may be connected, as
in a radar set, to an antenna or, as in a
laboratory experimental setup, may be
absorbed in a column of water.

1.2 Analogy to Other Oscillators: In its
fundamental aspects, the magnetron os-

cillator is not unlike other and perhaps
more familiar oscillators. In particular,
instructive analogies may be drawn be-
tween the magnetron oscillator, the veloe-
ity variation oscillator, and the simple
triode oscillator. In Fig. 2 is depicted
schematically  the parallelisms  between
these types of oscillators and a simplified
cquivalent lumped constant cireuit,

In the triode of Fig. 2 (a), as in the gap
of the second cavity of the veloeity varia-
tion tube of Fig. 2 (b) and in the interac-
tion space of the magnetron oscillator of
Fig. 2 (¢). electrons are driven against RF
fickds set up by the resonator or fank
circutt, to which they give up energy ab-
sorbed from the primary DC source. In
cach type of oscillator there is operative a
mechanism  of bunching, which allows
electrons to interact with the RF field
primarily when the interaction will result
in energy transfer fo the RF field. In the
triode oscillator this is accomplished by

in which energy is stored and which
synchronizes the flow of energy from the
clectrons into it by the mecans of self ex-
citation. In cach type, energy is extracted
from the resonator by an output cireuit at
a rate which, under steady state condi-
tions, equals that of influx from the eclec-
tron interaction, minus the losses in the
resonator itself.

1.3 Use of Equivalent Circutts: In many
instances the understanding of clectro-
magnetic oscillators is made casier and
analytic treatment made possible by use
of an equivalent circuit with lumped con-
stants. Of several possible types, one of
the simpler and more frequently used for
the magnetron oscillator is shown in Fig.
2. T'his may appear in the case of the mul-
ticavity magnetron to be an oversimplifi-
cation, as it does not account for the fact
that the resonant frcqucn(- of the mag-
netron resonator system is many-valued.
A magnetron resonator. being made up of

]

FIG. 1. A schematic diagram designed to show the principal component parts of a centimeter wave
magnetron oscillator, The resonator system and output circuit cach represents one of several types

used in magnetron construction,

the grid, whose RF potential is supplied
by the tank cireuit in proper phase with
respeet to the RF potential on the anode.
In the velocity-variation oscillator, bunch-
ing is accomplished by variation of the
clectron velocities in the gap of the first
cavity, followed by drift through the in-
tervening space to the second gap. The
first cavity is driven in proper phase by a
feed back line from the second cavity. In
the magnetron oseillator, as is to be de-
seribed in detail later, electron interaction
with the RF fields is such as to group the
eleetrons into bunches or spokes which
sweep past the gaps in the anode, in phase
for favorable interaction with the RF
fields across the gaps. The bunching field
is thus the same field as that to which
energy is transferred. In this sense. the
magnetron  oscillator is  perhaps more
properly analogous to the reflex type of
velozity variation oscillator, in which a
single cavity is used both as buncher and
catcher; the electrons, after traversing the
gap once, are turned back in the proper
phase in the drift spaece so as to pass
through the gap again in the opposite
direction.

Each type of oscillator has a resonator

a number of conpled resonating cavities,
is capable of supporting several modes of
oscillation. These modes of oseillation
have different resonant frequencies and
correspond to different configurations of
the electromagnetic fields. By means to
he discussed. however, magnetron res-
onators can be made to oscillate eleanly in
one of these modes, and may thus be rep-
resented for many purposes by a simple
LC circuit having a single resonance.

The output circuit of the oscillator is
also amenable to treatment by equivalent
lumped-constant circuits which account
for its behavior with aceuracy. More gen-
eral, four-terminal network theory has
also been applied in the study and design
of impedance transformations in this part
of the oscillator.

Finally, the eleetrons, which in a sense
are conneeted to the eireuit formed by the
resonator and the load, ean also be treated
by circuit concepts. The electrons moving
in the space between the cathode and
anode, by virtue of their presence and
motion, induce charge fluctuations on the
anode segments. The time derivative of
these fluctuations is equivalent to an RF
current flowing into the anode from the
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interaction space. This current and the
RF voltage on the anode, bearing a defi-
nite phase relationship, make possible
the definition of an admittance called the
average clectronic admittance, 1, = (5,
+ jB.. Since the electrons are being driven
against RF fields in the interaction space.
this admittance looking into the electron
stream has a negative conduetance term.
Unlike usual eireuit admittances, the
electronic admittance is nonlinear. being

mittance 17,. looking from the electron
stream into the circuit.

With these remarks, of general ap-
plicability to all types of electromagnetic
oscillators, the discussion will be con-
tinued for the centimeter wave magnetron
oscillator in particular. As far as is possi-
ble, the electronie interaction space, res-
onator system. and output circuit of the
device will be taken up in that order. The
function and operation of cach part will

TO LOAD

FI1G. 2. A schematic diagram depicting the parallelism among the conventional triode oscillator,
the velocity-variation oscillator, the centimeter wave magnetron, and an equivalent lnuped con-
stant circuit. In the figure an attempt is made to align corresponding parts vertically above one

another.

a function of the voltage amplitude of
oscillation, V4, as well as of other para-
meters governing the electronic behavior
of the oscillator, such as voltage and mag-
netic field. It is not known a priori, but
may be deduced from measurements on
the operating oscillator and its circuit.

A necessary condition for oscillation,
applicable to the magnetron as to any
oscillator, is that, on breaking the ecircuit
at any point, the sum of the admittances
looking in the two directions is zero. Thus,
if the circuit is broken at the junction of
clectrons and resonator, as is convenient,
the electronic admittance 17, looking
from the circuit into the electron stream,
must be the negative of the circuit ad-
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be described; then the principles of its
design, and its relation to previous mag-
netron development will be indicated.

1.4 Electron Motions in Electric and
Magnetic Fields — The DC Magnetron:
Before beginning the discussion of the
electronics of the magnetron oscillator, it
would be well to review briefly electron
motions in various types and combina-
tions of clectric and magnetic fields, and
the operation of the DC magnetron.!

An electron, of charge ¢ and mass m,
moving in an electric field of strength F,
is acted upon by a force, independent of
the electron’s velocity, of strength ek,

1 The cylindrical DC magnetron was reported by
A. W, Hull, Phys. Rev. 18, 31 (1921).
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directed oppositely to the conventional
direction of the field. If the field is con-
stant and uniform, the motion of the clec-
tron is identical to that of a body moving
in a uniform gravitational field.

An electron moving in a magnetic fiekd
of strength B, however, is acted upon by
a force which depends on the magnitude
of the electron’s velocity, », on the
strength of the field, and on how the di-
rection of motion is oriented with respect
to the direction of the field. The force is
directed normal to the plane of the veloc-
ity and magnetic field vectors, and is of
magnitude proportional to the velocity.,
the magnetic field, and the sine of the an-
gle 8, between them. Thus the foree is the

— -
cross or veetor product of v and B,

e
F = e[lr X B F = Ber sin 6,

An electron moving parallel to a mag-
netic field (sin 8 = 0) feels no force. One
moving perpendicular to a uniform mag-
netie field (sin @ = 1) is constrained to
move in a cirele by the magnetie force at
right angles to its path, Since this foree is
balanced by the centrifugal force. the
radius p of the cirenlar path depends on
the electron’s momentum and the strength
of the field; that is,

muo?
Bev = —
p
C e 10
vielding p= "”- (1)
e

The time T, required to traverse the
circle, is independent of the radius and
hence of the velocity of the electron:
T.=2mp/v=2mm/eB. Thus, the an-
gular frequency of traversing the circular
path, the so-called cyclotron frequency,
depends on the magnetic field alone and is
given by,

1
W = ‘erc = ‘Zr—,‘ ) ﬁ”

7 m )
In the magnetron, clectron motion in
crossed electric and magnetie fields is
involved. Consider first such motion be-
tween two parallel plane electrodes,
neglecting space charge. If, as in Fig. 3,
the electrie field is directed in the negative
y direction and the magnetic field in the
negative z direction, the equations of
motion of the electron are:

d*x e ‘ll

a2 mdt

dxy  ef,. dr

= . Y —_ 3
dt? m(l Bdt )’ ®
dz

=,

di? ‘

The particular case of most interest
here is that for which the electron starts
from rest at the origin. The equations of
motion then yield a eycloidal orbit given
by the parametric equations
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=04 — pesin wt = pwd — sin wd).,

(+)
Yy = p(l — coswd).
in whieh:
I R
re= g (5)
m I .
A T )
we="Rh. )

n

This motion may be regarded as a com-
bination of rectilinear motion of velocity
v. in the direction of the z axis, per-
pendienlar to both £ and B, and of mo-
tion in the ay plane about a circular path
of radius p., at an angular frequeney w.,
the cyclotron frequeney. Fig. 3 shows the
resulting cycloidal path and its generation
by a point on the periphery of the rolling
circle. In the case of eylindrical geometry.
it is often convenient to think in terms of
the plane case.

In the case of cylindrical geometry
with radial electric and axial magnetic
fields, the electron orbit, neglecting space
charge, approximates an epicycloid gen-
erated by rolling a circle around on the
cylindrical cathode. The orbit is not ex-
aetly an epicycloid because the radial
motion is not simple harmonic. which
state of affairs arises from the variation of
the DC electrie field with radius. The ap-
proximation of the epicycloid to the ac-
tual path is a convenient one, however,
because the radius of the rolling circle, its
angular frequency of rotation, and the

without space charge, that, at a given
electric field, an electron orbit for a suffi-
ciently strong magnetic field may miss the
anode completely and return to the
cathode. The critical magnetic field at
which this is just possible is called the
cut-off value, B.. For a given voltage be-

1=2™Le)]
T\ B

. B4
from which .= Dl
2m

For the cylindrical case, the relation may
be shown to be

__]

//// ' ANOOE
7
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¢
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FIG. 4. Electron paths in a cylindrical DC magnetron at several magnetic fields above and below
the cut-off value, B.. The clectrons are assumed to be emitted from the cathode with zero initial

velocity.

tween cathode and anode, as the magnetic
field is increased, the cnrrent normally
passed by the device falls rather abruptly
at B.. A current versus magnetic field
curve, together with electron orbits cor-

CATHODE

)

FIG. 3. The cycloidal path of an electron which started from rest at the cathode in crossed electric
and magnetic fields for the case of parallel plane electrodes. The mechanism of generation of the
orbit by a point on the periphery of a rolling circle is depicted.

velocity of its center, for the epicycloid.
all approximate those for the cycloid of
the plane case. These approximations im-
prove with increasing ratio of cathode to
anode radii. Several electron orbits in a
DC cylindrical magnetron are shown in
Fig. 4 for several magnetic fields.

It is clear from this simplified picture of
the orbits in a DC cylindrical magnetron
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responding to four regions of the curve, are
shown in Fig. 5. For the case of parallel
plane electrodes, the cut-off relation be-
tween the critical anode potential 17,
and magnetic field B., and the electrode
separation d, for the parallel plane case,
is obtained by equating the electrode
separation to the diameter of the rolling
circle. Thus,

. Berd AL
i, = es;lr_[l —(r’) ], (8)

in terms of cathode and anode radii r.
and r,.

2. Types of Magnetron Oscillators % 2.1 Defi-
nitions: The DC magnetron can be con-
verted into an oscillator, suitable for the
generation of centimeter waves, by in-
trodueing RF fields into the anode-
cathode region. This can be done by ap-
plying between anode and cathode RF
voltage from a resonant eircuit, in which
case the electrons interact with the super-
posed radial RF field. Or it can be done by
splitting the magnetron anode into two
or more segments between which the RF
voltage is applied. Then the electrons
interact with the fringing RF fields ex-
isting between the segments. The problem
of understanding the electronics of the
multicavity magnetron oscillator is that
of understanding how an electron, sub-
jeet to the constraints placed upon its
motion by the DC axial magnetic and DC
radial electric fields, can move so as to
interact favorably with the RF field; how
an electron interacting unfavorably is re-
jected; and why, on the average, the elce-
trons transfer more energy to the RF field
than they take from it.

On the basis of the nature of the elec-
tronic mechanism by means of which
energy is transferred to the RF field, it is
now convenient to distinguish three types
of magnetron oscillators.? The negative
resistance magnetron oscillator depends on

FM anp TELEvVIsION
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the existence of a static negative re-
sistance characteristic between the two
halves of a split anode.? The cyclotron
Sfrequency magnetron oscillator operates by
virtue of resonance between the period of
RF oscillation and the period of the
eycloidal motion of the electrons (rolling
circle or cyclotron frequeney).t The frar-

forming the anode. The transit time from
cathode to anode is not involved in the
mechanism except that it must be small
relative to the period of the RF oscilla-
tion. The static negative resistance char-
acteristic arises from the fact that under
certain conditions the allowable orbits for
the majority of clectrons terminate on the

/I
B=0 B<Bc¢
'
- |
t '
e
o
z
w
<
4
3
o
o

MAGNETHC FIELD, B

FI1G. 5. Variation of eurrent passed by a cylindrical DC magnetron at constant voltage, plotted
as a function of magnetic field. The orbits of electrons occurring at four different magnetic fields
are shown above the corresponding regions of the current characteristic.

eling wave magnetron oscillator depends
upon resonance, that is, approximate
equality between the mean translational
velocity of the electrons and the velocity
of a traveling wave component of the RF
interaction field.®

The magnetron oscillator with which
this paper is primarily concerned is of the
traveling wave type. The other mag-
netron types are discussed briefly for the
sake of completencss and because an un-
derstanding of them enhances onc’s grasp
of the entire subject and places the trav-
eling wave magnetron oscillator in its
proper historical perspective.

2.2 The Negative Resistance Magnetron
Oscillator — Type I: In the negative re-
sistance magnetron oscillator,® the anode
is split parallel to the axis into two halves,
hetween which the RF circuit is attached.
The electrons emitted by the cathode must
move under the combined action of the
DC radial electrie and DC axial magnetic
fields together with the RF electric field
existing between the two semicylinders

’”'I‘he magnetron oscillator discussed by Hull, in
which the magnet winding is coupled to the plate
circuit, is not considered, as it is essentially an audio
frequency device. K. Okabe in his book, ** Magnetron-
Oscillations of Ultra Short Wavelengths* (Shokendo,
1937). distinguishes five types, but it is not clear just
how his types C and E are to be identified.

t These oacillations have been called by Habann
quasi-stationary, or dynatron oacillations, and cor-
respond to Okabe's type D.

« These oscillations have been called electronic os-
eillations by Megaw, transit time oscillations of the
first order by Herriger and Hillster, and correspond to
Okabe's type A.

* These oscillations are the running wave type dis-
cussed by Posthumus, the transit time oscillatiors of
higher order of Herriger and Hiilster, and correspond

to Okabe's type B.
¢ This type was disclosed by Habann, Zest. /.
Hochfrequens. 24, 115 and 135 (1924).

segment of lower potential, irrespective
of the segment toward which they start.
These electrons, being driven against the
RF component of the field, give energy
gained from the DC field to the RF field.

In Fig. 6 arc shown the paths, plotted
by Kilgore,” of two electrons starting in-
itially toward opposite segments but hoth

orbits of Fig. 6, magnetic fields consid-
erably above the cut-off value are used.
With magnetrons of this type, power out-
put up to 100 watts at 600 mc. at an effi-
ciency of 25% has been attained.? Os-
cillations of frequency as high as 1000
me. (30 em.) have been produced.® Be-
cause a large number of orbital loops

8 . el3
are required, however, making w ({ —,
m

this type of magnetron oseillator demands
the use of high magnetic field in the centi-
meter wave region and is thus less de-
sirable than other types.

2.8 The Cyclotron Frequency Magnetron
Oscillator — Type I11: Not long after the
invention of the DC magnetron, oscilla-
tions betwcen anode and cathode were
found to occur near the cut-off value of
magnetie field.® These were found to be
strongest for wavelengths obeying a rela-
tion of the form:

constant

N="p

®

Later, it was shown that the oscillation
period is equal to the electron transit
time from the vicinity of the cathode to
the vicinity of the anode and back. This
made it possible to calculate a value for
the constant in the above equation in
good agrcement with experiment.!® The
oscillation frequency is that of the rota-
tional component of the electronic mo-
tion, that is, approximately the evelotron
frequency of equation (7).

The mechanism must be explained in
terms of electrons moving in the DC
radial electric and axial magnetic fields
and the superposed RF radial electric

—

+ 150 VOLTS

+150 VOLTS

+50 VOLTS
Q)

+50 VOLT >

(b)

F1G. 6. Electron paths plotted by Kilgore for the negative resistance magnetron oscillator, Type 1.
During the time the orbits shown are being executed, the cathode is at zero potential and the
anode segments at the potentials indicated. Lines of electric force on an electron are plotted in this
figure. The two orbits are those of electrons which start initially toward opposite anode segments.
It should be noted that in either case the electron is driven to the segment of lower potential

against the RF field component.

striking the segment of lower potential.
Each path is eompletely traversed in a
time during which the RF field changes
little. Thus it is possible by applying IDC
potential differences between the anode
segments to measure a negative resistance
between them. As can be seen from the

1G. R. Kilgore, Proc. I.R.E. 24, 1140 (1936).
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field. This may be done as follows: An
electron leaving the cathode in such phase
as to gain energy when moving from the

3 E. C. 8. Megaw, Jowrn. I.E.E. (London) 72, 326
(1933).

% A. Zacek, Cos. Pro. Pest. Math. a Fys. (Prague)
53, 578 (1924). A summary appeared in Zest. [f.
Hochfrequene. 32, 172 (1928).

1w K. Okabe, Proc. I.R.E. 17, 652 (1929).
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cathode toward the anode will also gain
energy during its return, striking the
cathode with more energy than it had
when it left. There, sueh an electron is
stopped from further motion during
which it would continue to absorh energy
from the RF ficld at the expense of the
oscillation. The eleetron will excecute an
orbit something like that of Fig. 7 for the
planc case. .An eleetron leaving the eath-
ode in the opposite phase, on the other
hand, loses energy when moving toward
the anode and again on its return toward
the cathode. As is shown in Fig. 8, it re-
verses its direction after the first trip
without reaching the cathode surface
and starts over on a second loop of
smaller amplitude, remaining in the same
phase and continuing to lose encrgy to the
field. This process continues until all the
energy of the rotational component of the
electron’s motion has been absorbed by
the RF ficld. If the electron is not re-
moved at this stage, in its subsequent
motion the rotational component will
build up, extracting cnergy from the RF
oscillation. Means such as tilting the
magnetic ticld or placing clectrodes at
the ends of the tube have been used to
remove the electrons from the interaction
space when all the rotational encrgy has
been absorbed. It is possible to maintain
the oscillations and extract energy from
them because electrons which give energy
to the field can do so over many cyeles,
whercas electrons of opposite phase can
gain energy over only one cycle bhefore
they are removed.

Magnetrons oscillating in this manner
have been built with split anodes.'o1t
Here the RF field with which the electron
interacts is more tangential than radial

The cyclotron frequeney magnetron
oscillator has been almost entirely super-
seded by the traveling wave magne-
tron oscillator as a generator of centi-
meter waves. In the main this is the result
of the impossibility of removing eleetrons
emitted from an extended cathode area

than 509, efficiency, were built prior to
1940, but performance such as was later
to be attained with this type of magnetron
at much shorter wavelengths was not
achieved then, perhaps primarily because
of the lack of a good resonator. It was a
magnetron of this type which the British
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FIG, 8. An approximate orbit of an electron which loses energy to the RF field in a ¢yclotron fre-
queney or Type T magnetron oscillator, shown for the plane case. If the electron after losing all
its rotational energy remains in the interaction space, it gains energy from the RF field, and its
orbit builds up eycloidal scallops in a manner directly the reverse of that shown here. The DC

electric force on the electron is directed from eathode to anode,

from the interaction region at the proper
stage in their orbits. This inherent draw-
back is not shared by the traveling wave
magnetron oscillator which can be oper-
ated at higher efficiency without critical
adjustment of orientation in the magnetie
ficld or of the potential of anxiliary elec-
trodes.

2.4 The Traveling Wave Magnetron Os-
eilator — Type II1: Oscillations have
heen found to occur in the magnetron
which are independent of any static nega-
tive resistance characteristic and which
can oceur at frequeneies widely different
from the cyclotron frequeney. In 1935,
the electronic mechanism of these oseilla-
tions was correctly interpreted as an inter-
action of the electrons with the tangential

0.

-

FIG. 7. An approximate orbit of an clectron which gains energy from the RF field in a cyclotron
frequency or Type 11 magnetron oscillator, shown for the plane case. The orbit is continued as a
dashed line indicating how it would be traversed were it not stopped by the cathode. The DC

electric foree on the electron is directed from cathode to anode.

but the criterion for oscillation is the
same, namely, resonance between the
field variations and the rotational com-
ponent of the electron’s motion. Oper-
ating efficiencies of 10 to 159, have been
obtained. It was with a magnetron of this
type having an anode diameter of 0.38
mm. that radiation of wavelength as low
as 0.64 cm. was generated.'?

11 H, Yagi, Proc. I.R.E. 16, 715 (1928).
12 C, E. Cleeton and N, H. Williams, Phys. Rer, 50,
1091 (1936),
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component of a traveling wave whose
velocity is approximately equal to the
mean translational velocity of the elec-
trons. Later,* the role of the radial com-
ponent of the rotating electric field in
keeping the electrons in proper phase was
recognized. Magnetrons of wavelength
as short as 75 cm., operating at better

13 K, Posthumus, Wireless Engineer 12, 126 (1935).
U F, Herriger and F, Hilster, Zeit. f. Hochfrequenz.
109, 123 (1937).

brought to the United States in 1940. The
British magnetron was a 10-cm. oscillator,
intended for pulsed operation. having a
tank circuit consisting of cight resonators
built into the anode block as shown in
Fig. 1.v

3. Electronic Mechanism * 3.1 FElectronic In-
teraction at Anode Gaps: The clectrons in
the interaction space of the magnetron
oscillator are the agents which transfer
energy from the DC field to the RF field.
As such, they must move subject to the
constraints imposed by the DC radial
electric and DC axial magnetie fields,
considering, for the moment, the RF
ficlds to be small. Under these conditions.
as has been seen for the DC cylindrical
magnetron (see Fig. 4+ for B > B.), elee-
trons follow approximately epicycloidal
paths which progress around the cathode.
The mean velocity of this progression.
that of the center of the rolling circle,
depends upon the relative strengths of
the eleetric and magnetic fields as indi-
cated by equation (3) for the plane case.
By proper choice of DC voltage 1™ be-
tween cathode and anode and of magnetic
field B, the mean angular velocity of
the clectrons can he set at any desired
value.

The RF electric ficlds in the interaction
space, with which the electrons moving as
deseribed above must interact, are the
electric fields fringing from the slots in
the anode surface. These fields are pro-
vided by the N-coupled oscillating cav-
ities of which the magnetron resonator
system is composed. As will be discussed
in more detail later, such a system of
resonators can oscillate in a number of
different modes, in each of which the
oscillations in adjacent resonators, and

1 The use of such internal resonators is reported in
the literature by N. T. Alekseieff and D. E. Maliaroff,
Journ, of Tech. Phys. (U.S.8.R.,) 10, 1297 (1940);
republished in English, Proc, I.R.E. 32, 136 (1944).

A. L. Samuel has obtained U, S, Patent No, 2,063,342
Dec. 8, 1936, for a similar device.

FM anxp TELEVISION



g

—\
Y7
£

ABE880A898
/~\ N [N

t
te 14T

/L

N [N [
\__/

t+ 274 T

t+ 34T
L+ 44T

L+ 5747 al AY

\ -
R L e v e
1

L+ 7/4T &

t+ 874 T

te o/4T

te1n/a T ——

tenn/aT

t+1274 T

1+13/4 T
t+14/4 T

Le18/4 T —

t+16/a T —

U
x| =28 20 12 4

FIG. 9. A plot showing the = mote anode potential wave at several instants in an eight resonator
magnetron and the mean paths of electrons which interact favorably with the RF field. The plot
is developed from the cylindrical case, the shaded rectangles at the top representing the anode
segments. The anode potential variation is a standing wave, shown here for a sequence of instants
one quarter period (7'/4) apart. Note that the potential is constant aeross the anode surfaces and
varies linearly between them. Electrons interacting favorably with the RF field cross the anode
gaps when the field there is maximum retanling as indicated by the filled circles. The lines for
| k| =4,12,20,28, . . . represent mean paths of electrons traveling with mean angular velocities
2xf/4, 2nf/12, 2xf /20, 2xf/28, . . . around in the interaction space. Since the field is a standing
wave, it is clear that electrons possessing these velocities in either direction may interaet favorably
with the RF field.

From what has been said about the RE
field and the electronic motion in the in-

thus the fields appearing across adjacent
anode slots, bear a definite phase relation-
ship. For a system of N resonators, it will
be seen that the phase difference between
adjacent resonators may assume the
valies n 2xr/N radians, n being the in-

teraction space of the magnetron osecil-
lator of Type I, it is possible to under-
stand its fundamental electronie mecha-
nism. As in any oscillator, the eriterion for
oscillation is that more energy shall be
transferred to the RF field by electrons
driven against it than is taken from the
RF field by ecleetrons accelerated by it.
'This can be aecomplished in the traveling
wave magnetron oscillator only if the
mean angular velocity of the electrons is
such as to make them pass successive gaps
in the anode at very nearly the same
phase in the cyele of the RF field across
the gaps. Then it is possible for an elee-
tron which leaves the cathode in such
phase as to oppose the tangential com-
ponent of the RF field across one anode
gap to continue to lose energy gained from
the DC field to the RF field at successive
gaps. Electrons which gain energy from
the RF field are driven back into the
cathode after only one orbital loop and
are removed from further motion detri-
mental to the oscillation. This proecess of
selection and rejection of electrous forms
the groups of bunches, shown in Fig. 2 (¢),
which sweep past the anode slots in phase
to be retarded by the RF field component.
The criterion that the clectron drift ve-
locity shall be such as to keep these
bunches in proper phase is analogous to
the condition that the drift angle in a
velocity variation oseillator, Fig. 2 (b), be
such as to cause the bunches to cross the
gap of the second or catelier cavity in
phase to lose energy to the RF field across
the gap.

rrrvLrvry
S, S s, S SUL.

tegers 0, 1.2, . . ., N/2.
Adopting another point of view, one t =
may consider the potentials placed upon €4 Ve e/
s e resons <
the anode segments by the resonators. es 2aT AN R

L*
—

The variation of the potential from one 9 e

segment to the next depends upon the

. . Le 474 T
mode of oscillation of the system as a

o e . 4+ 5/4T
whole. The restriction on the phase dif- t

. te e
ference stated above requires the sequence

. . + /4T
of anode segment potentials at any instant t
te+ 6/4T

to contain n complete cycles in one tra-

versal of the cylindrical anode, n still te osaT

denoting the integers 0, 1,2, . . ., N/2. te10/4T

In general, these anode potential waves terizaT

L1274 T

can be standing waves or waves traveling

around the anode structure in either o134 T
direction with angular velocity 2xf/n te14/aT
radians per second, where f is the RF fre- TATSALT
quency. For the two modes in whieh adja- P

cent resonators are in phase (n = 0) and

. v Le17/4 T
x radians out of phase (n = N/2, the

. tLe18/4 T
so-called = mode), however, only standing

Le19/4 T

potential waves on the anode are pos- =\ /_\_\
sible. As examples of standing and travel- ER20ZST \ 3 Y \__F:\C
ing anode potential waves in an an- W] =16 14 10 s
ode structure having eight resonators
e —— é_‘

(N = 8), the standing wave for n = 4

and standing and traveling waves for
n = 2 are shown in Figs. 9, 10, and 11
respectively.
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FI1G. 10. A plot similar to that of Fig. 9 for the standing wave component of anode potential of
periodicity » = 2 in a magnetron having eight resonators. Electrons which interact favorably have
mean angular velocities 2xf/2, 2xf/6, 2xf/10, 2xf/14, . . . in either direction in the interaction

space.
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The condition placed upon the mean
angular velocity of the electrons can be
discussed more readily by reference to
Figs. 9, 10, and 11. Consider first, how-
ever, only Fig. 9 for the standing poten-
tial wave of the n = 4 mode, and focus
attention on an electron which crosses
the gap between anode segments 1 and 2
at the instant { when the RF field is maxi-
mum retarding, that is, the potential on
segment 1 is maxiinum and on segment 2
minimum. It is clear that this electron
can cross the next gap in the same phase
if the time required to reach it is ([p| +
15) T, in which p is any integer and T is
the period of RF oscillation. In Fig. 9,
four lines are drawn representing the
mean paths of electrons moving with such
velocities as to make p = 0, 1, 2, and 3.
Sach line crosses a gap when the RF field
is maximum retarding, that is, when the
potential has the maximuin negative slope
at the center of the gap. As will be seen
later, a more convenient parameter, to
be called £, is that whose absolute magni-
tude k| specifies the number of RF cycles
required for the electron to move once
around the interaction space. [AI/N is
then the number of cyeles between cross-
ings of successive anode gaps, which for
the » mode of Fig. 9 must take on the
values:
Ikl ! =0, &1, +2
‘\—,—|p|+2. p=0,x£1, %2 .-,
or the values given by the more general
expression, applicable to any mode:

4

n
Aol pmnstan. .

In this expression, n/N is the phase
difference between adjacent resonators,
expressed as a fraction of a cycle. L may
thus assume the values given by

= N,
k=n+p } (10)
+ Q, .,

p=0, %I,
The mean angular velocity which the
clectrons must possess is then given by

df  2r  2f
dt Tk

in which 8 is the azimuthal angle.

For the = mode (n = N/2) it is seen
that the negative integers p give the same
series of values for | £ | as do the positive
integers including zero. The sequence is
[k =4,12, 20, 28, . . . . Reference to
Fig. 9 indicates that electrons can travel
in either direction around the interaction
space and interact favorably with the RF
field, provided their mean angular velocity
is given by equation (11) with values of &
specified by equation (10). That this
should be so is clear from the fact that the
anode potential wave is a standing wave
with respect to which direction has no
meaning, Fig. 9 also makes clear how an
electron, moving with velocity different
from that corresponding to the lines
shown, will fall out of step with the field
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(11)

and, on the average, be accelerated as
much as it is retarded, thus effecting no
net energy transfer.

In Figs. 10 and 11, diagrams for the
n =2 mode similar to that of Fig. 9
for the » mode are shown. Fig. 10 is for
electronic interaction with a standing
wave of periodicity n = 2, and Fig. 11
for a traveling wave of the same perio-
dicity. Again, as in the case of the » mode,
the values of & for favorable electronic
interaction are given by equation (10).

The sequence of positive integral values
of p (including zero) and the sequence of

The actual electron orbits do not corre-
spond to simple translation but, as has
been discussed, to rotation superposed on
translation. The epicycloid-like scallops
in the orbit are of no significance to the
fundamental electronic mechanism. It is
the mean velocity of the electron motion
around the interaction space, specified by
the relative values of V" and B, that is of
importance. The magnetron can operate,
for example, at such high magnetic field,
provided V" has the proper value, that the
scallops become relatively small variations
in an otherwise smooth orbit, Fig. 18.
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FIG. 11. A plot similar to those of Figs. 9 and 10 for the rotating wave of anode potential of period-
icity n = 2 in a_magnetron having eight resonators as indicated by equation (18) in the text.
The field at the instant ¢ + 14T is plotted as a dashed line to show that the traveling wave does
not preserve its shape at all instants. Whereas the wave travels in one direction with the angular

velocity 2nf/2, electrons which travel with velocities 2xf/2, 2xf/10, 2xf/18, . . .

direction or with velocities 2xf/6, 2xf/14, . . .

in the same

in the opposite direction interact favorably with

the RF ficld. Directions of clectron motion must now be distinguished. Electrons whose velocity
is opposed to that of the rotating ficld are said to be driving a ‘‘reverse’ mode.

negative integral values of p do not each
give the same sequence of values for | k|,
as was the case for the = mode. For p Z 0,
[k] =2 10, 18, . . .; and for p <0,
[k] =6,14,22, - . .. For the standing
potential wave, Fig. 10, each of these
values of | k| does specify the velocity of
possible electron motion in either direc-
tion for favorable interaction with the
field. For the traveling potential wave,
Fig. 11, on the other hand, only the posi-
tive values of & (p = 0) correspond to
electron motion in the same direction as
the traveling wave, the negative values
of £ (p <0) corresponding to electron
motion in the direction opposite to the
traveling wave. The sign of & has signifi-
cance, If the electrons are moving with
velocities specified by equation (11), with
the negative values of & from equation
(10), and are thus moving counter to the
traveling RF field wave, the electrons are
said to be driving a reverse mode.

In the cylindrical inagnetron, the radial
variation of the DC electric field, resulting
in a decrease in the mean angular veloc-
ity of the electrons as they approach the
anode, would make it impossible for an
electron to keep step with the fields
across the anode gaps were not a mecha-
nism of phase focusing operative. That
such focusing is inherent in the interac-
tion of electrons and fields will be seen
later.

3.2 The Interaction Field: The elec-
tronic mechanism which has been dis-
cussed in terms of electron motions
through the fields at the gaps in the multi-
segment anode can be discussed also in
terms of the traveling waves of which the
RF interaction field can be considered to
be composed. The RF interaction field
corresponds to anode potential waves like
those plotted in Figs. 9, 10, and 11. The
interaction fields for the several modes of
oscillation of the resonator system are
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thus to be distinguished by the nnmber,
n. of repeats of the field pattern around
the interaction space. Since the potential
at the anode radius is nearly constant
across the faces of the anode segments
and varies primarily across the slots, the
azimuthal variation of the field cannot be
purely sinusoidal, but must involve higher
order harmonics.

For a mode of angular frequency
w = 2xf, corresponding to a phase dif-
ference between adjacent resonators of

I s,

waves like those of Figs. 9, 10, and 11.
Only those harmonics which specify the
same pattern of potentials at the centers
of the anode segments as the fundamental
are admitted in the analysis.

As has been mentioned before, the com-
plete field patterns for n =0 and n =
N/2 are standing waves. Thus, for these
modes of oscillation, .1y = By in the ex-
pressious (12) and (13). For the other
modes, n =1,2,38, - - -, (N/2) — 1, the
electrons may interact with the traveling

A
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FIG.12. An approximate orbit of an electron which is losing cnergy to the RF field in a traveling
wave or Type 111 magnetron oscillator, shown for the plane case. Here the cnergy loss is potential
cnergy of the electron in the DC field. Compare this with the orbit in Fig. 8 where the energy
loss is rotational energy of the electron. The DC electric force on the electron is directed from

cathode to anode.

n 2x/N, the anode potential wave is of
periodicity n around the anode and ean
be written as a Fourier series of com-
ponent waves traveling in opposite direc-
tions around the interaction space:

l’)zp = E Akei(d‘“*”) +
k
E :B,‘ei(“' +H+8)
x

k=n+pN, p=0,x1, £2,.---.

(12)

Note that the summations are taken over
all integral values of k given by equation
(10).

The interaction field for any mode of
periodicity n is thus represented by two
oppositely traveling waves, whose funda-
mentals are moving with angular veloci-
ties w/n = 2xf/n. and whose component
amplitudes, 4x and B4, in general are not
cqual. ¥ and § are arbitrary phase con-
stants. The expression (12) can be re-
duced to the form:

Vi = (Ax — Br ) cos (wt — 10 + 7)
>
N1 . v+
+ zk‘em cos (wt + 15 > -

cos (/c —12;6>,

k=n4+pN, p=0, 1, £2,..-,

which shows that the complete field pat-
tern can be considered to consist of a ro-
tating wave superposed on a standing
wave, cach having a fundamental com-
ponent of periodicity n.

" The fact that the periodicities k of the
harmonics in the expressions (12) or (13)
are those for which % has the values given
by (10) can be determined from a Fourier
analysis of the complete anode potential

field component of expression (13) or
with the standing field components which,
in case .1y = D4, is the only component
present. See Figs. 10 and 11 for the case
n=2 N =8.

The terms in expressions (12) and (13)
for which | %] = n are the fundamental
components; those for which | k| # n are

surface is Znfra/k corresponding to an
angular velocity of 2xf/k. Thus, as seen
in Fig. 11 for the instaut ¢ + T/8, the
change of shape of the total traveling
wave indicates that the components of
which it is composed travel with different
velocities. In Fig. 23 will be shown in-
stanutaneous RF interaction field patterns
for the fundamental components (p = 0)
of then = 1,2, 3, and 4 modes of an anode
block having eight resonators.

3.3 The Traveling Wave Picture: It is
instructive to discuss the operation of
the Type III magnetron oscillator in
terms of electron interaction with the
traveling wave components present in
the interaction field. This might at first
appear to be difficult in view of the many
components of several possible modes. By
mode frequency separation, as discussed
later, it is generally possible, however, to
restrict oscillation to only one mode,
usually the » mode. Further, the fact that
the electronic motion in crossed DC elec-
tric and magnetic fields results in a mean
drift of clectrons around the interaction
space enables one to restrict one’s atten-
tion to a single traveling wave corre-
sponding to the fundamental or a single
Hartree harmonic of the field of this
mode; for it is possible, in principle at
least, by proper adjustment of V and B
to equate the mean angular velocity of
the electrons to the angular velocity
2xf/|k| of any one of the traveling field
components. When this is true, only the

[ 2 wy
Z // ANODE
7 Z 7 7
Z 7/ SIIIITH7 ‘/1/4.‘_11./“
l 7/;/ Z 7 /C’%///,’, 77
/ / 7 /// //9Arnoo:-
7
— —— "~ — o e ————————. —— —————

FIG. 13. An approximate orbit of an electron which gains energy from the RF field in a traveling
wave or Type 111 magnetron oscillator, shown for the plane case. The orbit is extended as a dashed
line as though the cathode were not there. The cnergy gained is potent ial energy of the clectron in
the DC ficld. Compare this with the orbit in Fig. 7 where the energy increase is in the rotational
energy of the electron. The DC electric force on the electron is directed from cathode to anode.

called the Hartree harmonics. The com-
ponents of field strength corresponding to
these harmonics in the interaction ficld
pattern fall off in intensity from anode to
cathode more rapidly the higher the value
of k. The variation with radius is of the
form (r/rs)* Thus the farther from the
anode one samples the field, the more like
the fundamental sinusoidal pattern it
appears.

For each value of % in expression (12),
whether or not A, = B, there are two
oppositely traveling sinusoidal wave com-
ponents of periodicity k. Since each re-
quires & cycles of the RF oscillation to
complete one trip around the interaction
space, the linear velocity at the anode
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field of this component has an appreciable
effect upon the electron’s motion. With
respect to the fields of the oppositely
traveling component of the same har-
monic (same k), and the components of
all other harmonics (different k), the
clectron finds itself drifting rapidly
through regions of accelerating and de-
celerating field with no net energy trans-
fer. From the point of view of the elec-
tron, the fields of the other components
vary so rapidly as to average out over
any appreciable interval of time. The
only exception to these statements occurs
when a harmonic of periodicity &’ of an-
other mode of frequency f' has the same
angular velocity as the harmonic of
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periodicity &, that is. when

2nf' _ Ixf
el el

The effect on magnetron operation of this
coincidence of angular velocities will he
discussed further in a later section. In the
calculation of electron motions, the re-
striction to the field of a single traveling
wave component has been called the
rotating field approrimation.

The consideration of the electronic
mechanism has thus been reduced to that
of the motion of electrons under the com-
bined influence of the radial DC electric
field, the axial DC nagnetic field, and a
sinusoidal field wave traveling around
the interaction space. From what has
been said thus far, it is clear that for
energy to be transferred to the RF field
it is necessary that the mean electron
velocity very nearly equal that of the
traveling wave. Then an electron leaving
the cathode in such phase as to find itself
moving in a region of deeelerating tan-
gential component of the RF field may
continue to move with this region and lose
energy to the field. In contrast to the
Type I magnetron oscillator, the energy
transferred to the RF field in this case is
the potential energy of tlie electron in the
radial DC eleetric field. The energy in the
rotational component of the motion re-
mains practically unaffected, and the
electron orbit from cathode to anode
looks something like that plotted in Fig.
12 for the case with plane electrodes. On
the other hand, an electron which leaves
the cathode in such phase as to gain en-
ergy in a region of accelerating tangential
RF field is removed at the cathode after
only one eycle of the epicyeloid-like mo-
tion. If this did not occur, the eleetron
would continue to move with the field
and absorh energy. An approximate orbit
is shown in Kig. 13. It is instructive to
compare the orbits of the two categories
of electrons in the traveling wave magne-
tron oscillator with the orbits of corre-
sponding electrons in the cyelotron fre-
quency  type of magnetron oseillator,
Figs. 7 and 8. In cach case, it is the fact
that favorable electrons may interact for a
considerably longer time than unfavorable
clectrons which akes possible a net
energy transfer between the DC and RF
fields

One can now compare the traveling
wave picture of the electronic mechanism
with that presented earlier in which the
motion of electrons past the gaps in the
anode structure is considered. An electron
moving so that

[ k| _ no

v = [p]+ v cycles
of the RF oscillation clapse hetween its
crossing of two suceessive anode gaps is
thus moving around the interaction space
in synchronism with a traveling com-
ponent of the 4th harmonic of the inter-
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action field. Both points of view are of
value. That involving the motion of elec-
trons past the anode gaps is more funda-
mental physically. That in terms of a
traveling wave component, on the other
hand, is more convenient in caleulations
of electron orbits including space charge
effects where, by transformnation to a
coiirdinate system rotating with the field.
it is possible to treat of motions in static
ficlds.

3.4 Phase Focusing: It has been seen
from two points of view how groups of
electrons which move around the inter-
action space of the magnetron oscillator
are formed by a process of selection and
rejection of electrons by the tangential
component of the RF ficld. However,
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plane case. Similarly, a decrease in the
net radial electric field, caused by the
RF radial component, results in de-
creased electron  translation  velocity.
These changes in the electron’s velocity
operate so as to keep the electron near the
position in which it can interact most
favorably with the tangential com-
ponent of the RF field.

Consider an electron which crosses an
anode gap at the instant the RF field
there is maximum retarding, that is, an
electron which is to be found on the plane
marked M in Fig. 14 at this instant. It
experiences about as great an increase of
velocity by virtue of the radial com-
ponent aiding the DC radial field hefore
crossing the gap as decrease by virtue of

- — ——

FIG. 14. A plot of lines of electric force on an electron, drawn for the plane case, for the funda-
mental of the = mode. It is shown for the purpose of explaining the phase focusing property of the
radial field component. The plane of maximum opposing force on the electron intersects that of
the figure along the line M. The arrow shown ahove the line M indieates the direction of electron
motion. The force on the clectron due to the DC electric field is directed from eathode to anode.
The force lines shown may be considered to be those of the total fundamental ficld component at
the instant the ficld is maximum. Then an electron at the point P will cross the center of the
anode gap after the instant of maximmm retarding force. Or the lines shown may be considered to
be those of the traveling component of the fundamental moving in the same direction as the
clectrons. In this ease an electron at the point P is lagging behind the maximum of the retarding

tangential ficld.

space charge debunching and the dis-
crepancy at all but one radius between
the mean velocity of translation of the
clectrons and the velocity of the inter-
action field would tend to disperse these
groups and prevent efficient interaction,
were it not for the phase focusing provided
by the radial component of the RF field.

The mechanism of the phase focusing
can be discussed either in terms of the
interaction of electrons with the actual
fields existing at the anode gaps, or in
terms of the traveling wave picture of the
electronic mechanism. The fundamental
mechanism involved depends upon the
effect of the radial component of the RF
field in aiding or opposing the radial DC
field in determining the mean drift ve-
locity of the electron around the inter-
action space. If the radial RF field in-
creases the net radial field in which the
electron finds itself at any instant, the
mean velocity of the electron increases,
as can be seen from equation (3) for the

the radial component opposing the DC
radial field after crossing the gap. An-
other electron which is lagging behind the
electron just considered is to be found
opposite a positively charged anode seg-
ment. as at 7’ in Fig. 14, when the RF
field passes through its maximum value.
Since the RF field component decreases
with time after this instant, the effect of
the radial component of the field on the
electron’s velocity after crossing the gap
will be less than its effect hefore crossing
the gap, the net effect being one of in-
creasing the mean velocity of translation,
bringing the electron more nearly into the
proper phase. An electron which leads the
electron first considered, on the other
hand, will be found opposite the nega-
tively charged anode segment beyond
the gap when the RF field is maximum,
and for it the net effect of the radial com-
ponent is to reduce the mean velocity
of the electron, bringing it also more
nearly into the proper phase.
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In discussing the mechanism of phase-
focusing from the traveling wave point of
view, the field lines of Fig. 14 can be con-
sidered to be those of the traveling wave
component with which the clectrons are
intereacting. Then the whole field pat-
tern indicated moves to the right as shown
by the arrow above the plane of maximum
retarding tangential field at M. An elee-
tron which falls behind the position M to
the point I, for example, finds itself in a
stronger net radial eleetrie field whicl in-
creases its mean translational velocity
tending to bring it back to the position
M. The reverse holds for an electron
which runs ahead of the plane M.

on the basis of this space charge distribu-
tion can then be compared with that as-
sumed. This eyvele of caleulations is re-
peated, each time using the calculated
ficld of the previous cyele as that in which
the electrons move, until a field is ob-
tained which is consistent with that used
in calculating the electron orhits. This
method will e recognized as that used
in the calculation of clectron orbits about
the nucleus in atoms.

The result of one such calculation is
shown in Fig. 15. The orbits of four elec-
trons which were emitted from the
cathode in different phases are plotted in
a set of coirdinates rotating with the RF

ROTATING ANODE
POTENTIAL WAVE

=

ELECTRON
ORBITS

__J

FIG. 15. The orbits of four electrons which left the cathode in different phases, plotted in a eoirdi-
nate systemn rotating with the anode potential wave. These orbits have been calculated by the self
consistent field method which includes space charge effects. In this frame of reference the orbits
exhibit loops, whereas in a stationary frame they would more nearly exhibit cusps. The dashed
lines inelose the orbits of the clectrons and henee delineate the boundaries of the space charge
cloud which rotates around the cathode in synchronism with the anode potential wave. Planes of
maximuin retarding tangential field are represented by the lines 3 in Fig. 14, This figure is re-
produced by courtesy of the British Committee on Valve Development (CVD) and is taken from

the CVD Magnetron Report No. 1.

3.5 Space Charge Configuration: The
over-all picture of the electronic mecha-
nism in the Type LH magnetron oscillator
thus presents a spoke-shaped space charge
cloud of electrons wheeling around the
athode in synchronism with the anode
potential wave, each spoke in a region of
maximum retarding field. This picture of
what is happening has been very hand-
somely confirmed by actual orbital cal-
culations taking account of space charge.
The calculations have been carried out by
the so-called self consistent field method,
using the rotating field approximation
mentioned earlier. In this method, arbits
of electrons are calculated in an assumed
field, and the space charge dune to these
electrons determined. T'he field calculated
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field component. One electron is returned
to the cathode, and the other three reach
the anode. The boundaries of the space
charge cloud are shown as dashed lines.
The spoke-shaped structure is clear, and
its position with respeet to the rotating
anode potential wave is as expected. The
number of spokes of the cloud is equal to
the periodicity of the component of the
mode with which the electrons are inter-
acting. In the case of Fig. 15 there are
four spokes, since the maguetron is oper-
ating in the fundamental of the n =+
mode (k =4, p =0).

3.6 Induction by the Space Charge
Cloud: Another view of the mechanism by
which the electrons drive the resonator
system can be obtained by considering
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the effect of the space charge spokes in
inducing current flow in the anode seg-
ments themselves. For example, the oscil-
lation of the resonator block in its = mode
corresponds to the periodic interchange of
eleetric charge from each anode segment
around a resonating cavity to the next
anode segment. This oscillation is main-
tained, much in the manner of a pendulum
escapement drive, by the space charge
spoke appearing in front of an anode seg-
ment at that instant in the oscillation
evele when it can aid in building up the
net positive charge on the segment. At
the same instant, the adjacent segments,
being opposite a gap in the space charge
wheel, may build up a negative charge.

The RF current Igr induced in the
anode structure thus results from the mo-
tion of the spoke-shaped spaee charge
cloud in the interaction space. It is not to
be confused with the total circulating RF
current in the resonator system. Whereas
Igr must be in a phase with the space
charge cloud, it need not be in phase with
the RF voltage I'kr between the anode
segments. In terms of the electron mo-
tions, this means that the spokes of the
space charge cloud may lead or lag the
maxima in the tangential field. In gen-
eral, the electronic admittanee defined by
the ratio of Igr to 1V gr may thus inelude
a susceptance as well as a conductance.
The product of I'gr and the in-phase
component of Igr, integrated over a
period of one cyele of RF oscillation,
cquals the energy per cyvele which is de-
livered to the load. This amount of en-
ergy is twice that transferred in the half-
eyele during which the spokes of space
charge move against the field from posi-
tions in front of one sct of alternate anode
segments to similar positions in front of
the adjacent anode segments.

In cach spoke of the electron space
charge cloud, individual electrons progress
from cathode to anode. The DC eurrent 1,
passed by the magnetron, is made up of
clectrons which strike the anode from the
ends of the space charge spokes. Quite
apart from its dependence on other
parameters, this DC current is direetly
proportional to anode length k. If the
magnetron is driven at greater DC cur-
rent, the space charge in the interaction
space inereases, but the phase of its strue-
ture with respect to the traveling anode
wave does not change to a first approxi-
mation. Thus both the in-phase and quad-
rature components of Igr inerease with
no change in clectronic admittance. The
second order cffects whieh do arise from
small shifts in the phase of the rotating
space charge structure will be discussed in
Section 10.4 Electronic Effects on Fre-
quency.

Epitor’s Norg: This paper will be pub-
lished in six installments. The second in
stallment will appear in our November
issue.
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THE W. E. SERIES OF FM TRANSMITTERS

Engineering Information on Western Electric FM Transmitters of 1, 3, and 10 Kw., and
Advance Data on Designs for 25 and 50 Kw.—Part 2

1-Kw. Transmitler « The essential circuits
of the 1-kw. type 503B-2 transmitting
equipment are given in the system sche-
matic in Fig. 10. In addition, a more de-
tailed schematic of each section is pro-
vided, along with its accompanying de-
scription in this text.

Oscillator-Modulator # Fig. 11 is the detailed
schematic of the oscillator-modulator
panel. The source of the radio frequency
oscillation is the balanced push-pull oscil-
lator circuit V1A, primary of L34, and
C10, 11, 12, and 134, which operate at a
mean frequency f (carrier) /16. Some of the
energy of this circuit is taken by the sec-
ondary of L3\ to a 90° network, L5\,
C14A, C15A, and R7A. The output volt-
age of the 90° network, constant in ampli-
tude, is supplied in parallel to the grids
of the reactance control tubes V2A, the
plate circuit of which is common with
that of the oscillator tubes. Negative
feedback is introduced in the cathode
circuit of V1A by the potentiometer P1A
and inductance LIA. This negative feed-
back stabilizes the amplitude of the out-
put and also provides an easy method for
adjusting the 90° phase network accu-
rately. The adjustiment is made by con-
necting headphones to jack J1\ and ad-
justing C14A and C15A for zero tone. Any
audio tone present at this point represents
amplitude variations which can cause FM
distortion. Therefore, this easy adjust-
ment eliminates any distortion that might
be possible from inaccurate phasing.

The output voltage of the 90° network
is applied to the grids of the reactance
control tubes V2\, and creates a com-
ponent of radio frequency current in its
plate circuit in quadrature with the RF
voltage across the oscillatory circuit.
These “‘reactance tubes,” therefore, ap-
pear to the oscillatory circuit as a react-
ance. The audio voltage from the input
transformer T3A is superimposed on the
bias voltage of V2A, The radio frequency
current in the plate circuit, in other words
the effective reactance of the tube, is
proportional to the audio input voltage.
Therefore, the mean frequency is varied
by an increment proportional to the
amplitude of the audio signal, and at a
rate proportional to the audio frequency.
As mentioned hefore, the circuit is oper-
ated at the optimum point for linear mod-
ulation, since no limitation on biasing is
imposed by a frequeney-control function.
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RF voltage from L3A is also supplied
to the grid of the buffer amplifier stage
V3A. The output of this stage drives the
grid of the first doubler stage, V4A, and
also supplies the input to the frequency
divider panel through the coupling circuit
C30.\, C31.\, and T2A. The first doubler
stage provides the modulated RF output
to the doubler panel at a mean frequency
of f (carrier)/8.

Frequency Doubler Panel * The frequency
doubler panel, Fig. 12, includes three ad-
ditional doubler stages, V1B, V2B, and
V3B. Thus the input mean frequency, f/8,
is increased so that the output of this
panel is at the assigned carrier frequency.
The plate eircuit inductance L1B, and
plate tuning capacitor C15B are adjust-
able by means of front panel controls.

Powar Amplifier Panel * "The input energy to
the two-stage power amplifier, shown in
Fig. 13, is at carrier frequency. The first
stage., V4C, has two tubes in push-pull.
The plate circuit is tuned by condenser
C1C, which is adjustable from the control
panel. Variable condensers C2C and C8C
are used to minimize the series imped-
ance between the screens and ground,
thus providing optimum isolation hetween
the grids and plates of the tubes.

The final stage has two Western Elec-
tric type 357 tubes in push-pull. The tubes
are neutralized by inductance LYC and
L10C. Variable coupling is provided be-
tween the output of this stage and the
load.

Variable condenser C17C, in a sealable
container, provides a means of adjusting
the transmission line voltmeter M4M.
After adjustment of C17C, the cover is
sealed in place to prevent unauthorized
tampering.

A pick-up loop provides a sample of
the output for monitoring purposes.

Frequency Divider Panel * A part of the fre-
quency-modulated output of the buffer
stage V3A is supplied to the balanced in-
put of the frequency divider panel, shown
in Fig. 14. In this panel the signal passes
through ten frequency divider stages op-
crating on the principle of regenerative
modulation. Each stage, consisting of a
balanced modulator such as RV5H and
a regenerative amplifier such as V5H,
produces an output frequency of half that
applied to the input terminals. The last

stage, V11H, is an untuned amplifier stage
without frequency division. The output
frequency of the frequency divider panel
is, accordingly, f (carrier)/16,38+. The bal-
anced modulators of stages 1 to 7 inclusive
use rectifiers of the germanium crystal
type. Stages 8 to 10 inclusive use rectifiers
of the copper oxide type.

The features of the divider stages are:

1. The input frequency is suppressed by
virtue of the switching effect of the bal-
anced ring modulators.

2. Regenerative feedback can occur
only when an input current is present and
the feedback is at half the input frequency.
For this reason the output frequency of
these divider stages can be only one fre-
quency, i.e., either half the input fre-
queney or nothing. It is therefore impos-
sible for the circuit to produce an errone-
ous output frequency.

The amplitude modulator networks are
rectifiers connected all in direct series,
so to speak, “around a ring.” Taking the
first stage in Fig. 14 as an cxample, it is
possible for DC to flow in RV1H from 1 to
4 to 3 to 2 and back to 1.

The input frequency, applied across
terminals 2 and 4 of RVIH, effectively
keys or modulates the feedback from T1H
which is applied to the junction points
of RIGH-RI7TH and RISH-R99H. The
plate circuit of the tube is tuned to half
the frequency of the output, and a portion
of this half-frequency energy is fed back
to the modulator RV1H in the grid eircuit.
At such times that there is no input fre-
quency, two balanced paths are available
for this feedback voltage which effec-
tively applies equal voltages of opposite
phase to resistors R98H and R99IL. Under
these conditions, the net voltages applied
between grid and ground are zero.

When the input voltage is applied,
this balance is disturbed by the input cur-
rent flow. During the half-cycle of the
input current, when terminal 2 is positive,
input current will flow from terminal +4
to 3 to 2. This current flow will be modu-
lated with the feedback voltage (f/2) thus
effectively applying the feedback voltage
to R98H in the grid circuit of the tube.
During the other half-cycle, when ter-
minal 2 is negative, current will flow from
terminal 2 to 1 to 4, thus applying the
modulated voltage to R99H, but in reverse
phase. This switching action effectively
suppresses the input frequency and pro-
vides an output frequency of f/2.
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It can be shown mathematically that
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FIG. 12. THE FREQUENCY DOUBLER PANEL, COMPRISED OF THREE DOUBLER STAGES. OUTPUT IS AT THE CARRIER FREQUENCY

fier. Jack J1G provides a means for meas-
uring the input, while jack J2G and po-
tentiometer P1G provide means for meas-
uring and adjusting the output. The out-
put of this panel is applied to the auto-
matic frequency control circuit.

AFC Circuit * The automatic frequency
control eircuit is shown on the oscillator-
modulator panel sehematie. Fig. 11.
Tubes V5A are paired. each pair being
part of one balanced modulator circuit. as
shown in the schematic wiring diagram.

The plates of cach pair of tubes are con-
nected to opposite field coils of the motor
whose shaft is conneeted to the frequency-
controlling condenser. The voltage from
the output of the freguency divider panel
is applied to the grids of one tube in each
pair in like phase. and in opposite phase
to the other tube in each pair.

The voltage from the crystal oscillator
panel is divided into two voltages by
the circuits made up of the input trans-
formers and associated resistors and
condensers. These two voltages are

identical cxcept that they are in phase
quadrature. One phase is applied to the
grids of third and fourth tubes, and the
other to the grids of first and second tubes.

Al of the tubes are biased approxi-
mately to cut-off. Also note that the
plate-to-ground bypass condensers on
the V3A automatic frequency control
tubes provide low-impedance paths for the
high-frequeney components. The currents
flowing in the motor fields winding are de-
pendent upon the phase relation existing
between the two voltages applied to the
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FIG. 14, PART OF THE FREQUENCY-MODULATED QUTPUT OF BUFFER STAGE V3A, FIG. 11, IS FED TO THE INPUT OF THIS
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FIG. 13. SCHEMATIC DIAGRAM OF THE 1-KW. POWER AMPLIFIER, USING TWO 357B TUBES IN PUSH-PULL FOR THE OUTPUT

grids of the associated tubes. If the phas=
of one of the voltages varies with respect
to the other, the resultant field in the mo-
tor will rotate. The rate of rotation varies
in proportion to the frequency difference,
and its direction depends upon the rela-
tive phase of the two voltages.

With exact synchronization, the re-
sultant currents will be at zero frequency
and no action will take place. When a fre-
quency difference exists, a beat frequency

results, and the rotating field will cause the
armature to drive the mechanically-cou-
pled variable condenser in the oscillator
circuit in such a direction that its capacity
will be decreased if the carrier frequency is
low, and increased if the frequency is high.

The rate of rotation is approximately
proportional to the angnlar velocity of the
rotating field. Ience a large frequency
difference will be quickly reduced to a
small value.

3-Kw. Transmitter * The 3-kw. type 504B-2
transmitter is distinguished by its sim-
plicity and straightforward design. The
basic frequency modnlation and driver
circuits for the final power amplifier are
provided by the 1-kw. transmitter just
described. The final power stage for pro-
viding the 3-kw. output is a single-tube,
single-stage grounded grid amplifier.

In this particular transmitter, since 1
kw. of driving power is available, high
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FREQUENCY DIVIDER PANEL. THE OUTPUT, AT 1/16384TH THE CARRIER FREQUENCY, IS FED TO THE FREQUENCY CORRECTOR, FIG. 11
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18, the stray plate capacitance to ground
isin parallel with the grounding condenser
C1, used to block the DC path to ground
of the plate supply, and thus has no effect
on the operation of the ecircuit. Only
the capacitance of the filament to ground
need be considered with this arrangement.
and this capacitance is very nruch smaller
than that between the plate and ground.

The filament of the tube is at high RF
potential. It is very essential to supply
filament current without the necessity
of operating the filament transformer
at this high potential above ground. It
is also necessary to supply RF driving
potential between the grid and filament
from the driver unit, one side of which
is at ground potential. A method of
obtaining these two objectives is shown
schematically in Fig. 18.

The plate tuning coil of Fig. 17 is re-
placed in this new circuit by a coil between
filament and ground. If this coil is formed
by a pair of copper tubes in parallel, as
indicated in the illustration, the filament
leads may be threaded through the bore
of one of the tubes, and the grid driving
potential supplied through an inner con-
duetor of the other. At the filament end
of this coil, the copper tubes are connected
to the filament through condensers as
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FiG. 18. DIAGRAMATIC REPRESENTATION

difficulties are avoided by the use of a
coaxial transmission line section whose
length can be varied to adjust the net re-
actance from filament to ground to the
proper value required for tuning the
output cireuit.

L

P‘

g VAN
10

DRIVE | HHHE

=

NEUTRALIZING COIL I

OUTPUT TUNING COIL

ey

-

. )

ORIVE

| e

L

RESISTANCE

EQUIVALENT OUTPUT CIRCUIT

\
FIG. 19A. PHYSICAL ARRANGEMENT OF ADJUSTABLE COAXIAL TRANSMISSION LINE IN

THE 10-KW. AMPLIFIER. FIG. 198, INSERT, EQUIVALENT OUTPUT CIRCUIT

shown, and the other end of the coil is
grounded. Thus, the filament current and
grid driving voltage are delivered at the
required cireuit locations with the sources
driver and filament transformers
maintained at ground potential.

The necessity of being able to adjust
the reactance of this inductance intro-
duces numerous mechanical difficulties
if an attempt is made to employ a coil as
shown schematically in Fig. 18. These

3

The physical arrangement of such a
structure to replace the tuning coil of
Fig. 18 is shown schematically in Fig. 19A.
Here both the grid drive and filament
leads are carried through the inner con-
ductor of a variable section of trans-
mission line fitted witlh a movable short-
circuiting slug which permits the proper
adjustment of the net filament-ground
reactance, shown as C in Figs. 19\, and
19B. The output tuning coil, L of Fig.

OF W.E. GROUNDED PLATE AMPLIFIER

19, is likewise a variable length of trans-
mission line less than 14 wavelength long,
and hence inductive in reactance. Its ex-
act value is determined by the position
of its short-cireniting slug.

Fig. 19B shows in schematic form the
equivalent output circuit and, in con-
Junction with Fig. 19A, illustrates the
unique manner in which a completely
shielded output circuit is obtained with-
out the attending embarrassment of un-
wieldy lead lengths or exposed coils and
condensers. Moreover, it will be observed
that the output tuning coil, commonly
referred to as a bazooka, provides the very
useful  function of effectively trans-
ferring the antenna resistance from be-
tween points of high RF potential to the
low end of the coil where one side of the
transmission line can be grounded. This
is most convenient when it comes to the
matter of an actual installation in the field.

The neutralizing coil, like the other
tuning elements previously described,
consists of a section of transmission line
with the inner conductor connected to
the grid and the outer conductor grounded.
The position of the short-cireuiting shug,
therefore, determines the amount of in-
ductance for coil neutralization and is, of
course, adjusted to a value such that its
induetive reactance just balances the
capacitive grid-plate reactance of the
tube at the operating frequency.

The physical arrangement of circuit ele-
ments employed in the 506B-2 amplifier
is no less unique than the extremely
straight-forward and simple electrical cir-
cuits themselves. In fact it is because of
the uttersimplicity of the electrical circuits
that such a neat and simple mechanical
arrangement is posstble.

The 10-kw. air-cooled tube is located in
a cylindrical tube socket 9 ins. in diam-
eter at the base of which is an insulating
support. This makes contact with the fin

(CONCLUDED ON PAGE 74)
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YOUR FM CAN BEGIN WITH THIS!-

AND QUICKLY, ToO!

TRANSMITTER ¢ Rel 518 DL
*1 KW FM Tronsmitter

O

Remember! There are now
20 new REL-equipped FM
Broadcast Stations on the air

daily with regular schedules.

Many Broadcasters have begun
FM programming economically
with the REL equipment illus-
trated. Our long experience in
FM insures prompt delivery and
relioble commercial operation
from the start.

None of this equipment need
be replaced when you go to
higher power. In the REL Trans-
mitter line, the 1-kw. drives
10 kw., which can be used as
the driver for 50 kw. The
250-watt unit drives 3 kw.
which, in turn, can be used to
drive other high-power

amplifiers.

RELIABLE
ENGINEERING

LEADERSHIP

*or on REL 549 DL 250-wott tronsmitter

ANTENNA o REL 642 3-element
Interim Turnstile Antenna

ond A 00
d Modulotign MF::".'F"Quency
or

RADIO ENGINEERING LABS., INC.

[m?/ Waz/_/, N.Y.

October 1946
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COMPLETE AUDIO FACILITIES WITH

ﬁ"ég Sypes % eANc‘lliulnInFTItEBREg

... AND All PLUG -

Qﬁe‘ Langevin Types 116-A and 117-A
Plug-in Amplifiers were developed in col-
laboration with the General Engineering
Department of the Columbia Broadcasting
System.

We.believe these amplifiers fulfill the desnre
of many broadcast engineers to simplify their
audio facilities. With only these two types of
amplifiers even the largest system can be fab-

ricated. Further—in the interest of simplicity

—only two types of tubes are required in the U3 stpd U Liep DD CLat il e (E) Ca C)
‘ microphone preliminary and as a booster am-
operation of both these units (the accompany- plifier—gain 36 db. Operates from source
impedance of 150/600 ohms and into foad
ing power supply uses a selenium rectifier). A impedance of 150/600 ohms, in accordance :
. . with RMA proposed standards. G
replaced amplifier can be serviced when con- Push buttons permit reading plate current.
. . . . Overall dimensions, including plug receptacle,
venient at a test bench, with the aid of a simple 13%:* long, 2" wide and 5% high.

service unit designed for that purpose. Complete specifications upon request.

Many lessons learned during the War have
been incorporated in these amplifiers: They
are simple, compact, rugged and of high qual-
ity; they are replaceable in a matter of seconds
WITHOUT THE USE OF TOOLS; they are
designed for easy servicing. -And they can be
either rack or console mounted; fittings are
available. These units are connected into the
circuit by means of a plug especially designed

for them by Cannon—employing gold plated

contacts and a shielded TWIN-AX iﬂPUt The Type 117-A has been designed as a program or
. monitor amplifier—gain 55 db. Operates from source
connection. impedance of 150/600 ohms and into load imped-
ance of 150/600 ohms, in. accordance with RMA
A COMPLETE SYSTEM USING THESE proposed standards.
’ Push buttons permit reading plate current.
AMPLIFIERS WILL BE BETTER IN ALL Overall dimensions, including plug receptacle, 11"
1 " H 1, " -
RESPECTS THAN THE FE.C.C. RECOM.- long, 3% wide and 514" high.

Complete specifications upon request.

MENDATIONS FOR FM.

The Langevin Company

INCORPORATED

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING

NEW YORK, 37 W. 65 St., 23 + SAN FRANCISCO, 1050 Howard St, 3 - LOS ANGELES, 1000 N. Seword St., 38




RAYTHEON MANUFACTURING COMPANY

SRR, AT 0 R

 RAYTH

INCORPORATING THE NEW

&JM pHASE SHIF

250 Watt FM Transmitter, also standard
exciter unit for all higher power.

'WATT FM TRANSMITTER

r MODULATION

Thorough tests in actual competition with
all other systems of modulation have proved
the superiority of the Cascade Phase Shift
Circuit—in signal qualiry, simplicity and de-
pendability.

Raytheon’s Cascade Phase Shift Modula-
tion is a basically direct circuit which adds
the phase shift of six simple stages to produce
the required phase shift needed for high fidel-
ity modulation —at an inberently lower noise
level. This extremely simple circuit elimi-
nates the major faults of other systems and
brings important advantages never before
possible (See features).

Carefully compare and you will buy Ray-
theon. Place YOUR order now for Fall delivery.

1. Simplified circvit design thru the Cascade system gives stzbility
and efficiency to Raytheon FM.

2. Direct Crystol Control, independent of modulation, gives posi-
tive and automatic control of the mean carrier frequency. No com
plicated electronic or mechanical frequency stabilizers are used A
single high quality crystal does the job.

3. An inherently lower noise level is achieved by Cascade Phase
Shift Modulation which adds the phase shift of six simple stages.

4. Very low harmonic distortion—less than 1.0% from 50 to
15,000 CPS with 100 KC frequency deviation.

5. Conservotively operated circuits prolong tube life — prevent
piogram interruptions.

Broadcast Equipment Division
7517 No. Clark Street, Chicago 26, lllinois

| [
I EEY] eeecsccssece

YOU WILL WANT EVERY ONE OF THESE TEN IMPORTANT
FEATURES ... ONLY RAYTHEON CAN GIVE THEM TO YOU

Above — Complete Cascade Phase Shift Modulator,
Left —Front control panel of Transmitter

6. Ne expensive speciol tubes. The modulator unit uses only in-
expensive receiver type tubes of proven reliability.

7. Unit construction. There is no obsolescence to Raytheon FM
Transmitters. Add an amplifier later to give the desired increase in
power. All units are perfectly matched in size, styling and colors,

8. Simple, very fast tuning. Circuit can be completely taned up
in two or three minutes without exiernal measuring instruments.

9. Lasting economy. Low first cost—low power cost—advanced
engineering design—plus modern styling, guarantee years of satis-
faction.

10. Easy to service. Excellent mechanmical layout, vertical type
chassis and full height front and rear doors make servicing fast and

RAYTHEON

Excollornce in Edactrondcs

DEVOTED TO RESEARCH AND MANUFACTURE FOR THE BROADCASTING INDUSTRY




BROWNING UNIVERSAL TUNER:

UNIVERSAL TUNER, MODEL RJ-12................ $114.50
RACK PANEL FOR LABORATORY, MODEL RJ-14..$134.80
POWER SUPPLY UNIT, MODEL PF-12.............. $ 1475

38 RPN

* JDERFORMANCE”: That is Fre-
quency Modulation’s challenge to
the radio industry. BROWNING
LABORATORIES' answer to that
challenge is embodied in the RJ-12
BROWNING Universal Tuner.

This instrument, licensed under the
Armstrong patents, affords every
advantage in high-quality reception
which FM has come to represent. In
addition, a high-sensitivity AM section
covers the regular broadcast band.

This particular dual-band facility
brings to the user the utmost in radio
reception, plus control circuits for
playing phonograph records. Since the
BROWNING Universal Tuner is not
complicated by the addition of short-
wave circuits, performance on the FM
and AM broadcast bands is corre-
spondingly improved.

Here, indeed, is the realization of
the promised postwar improvement in
radio broadcast reception.

BROWNING
LABORATORIES, INC.

Engineers and Manufacturers

WINCHESTER . MASSACHUSETTS

Canadian Representatives
Measurements Engineering, 61 Duke St., Toronte
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FM RECEPTION AT ITS BEST

DESIGNED TO MEET THE NEEDS OF ALL
TYPES OF INSTALLATIONS AT THE LEAST
COST FOR FINEST FM-AM PERFORMANCE

SPECIFICATIONS AND DATA ON THE RJ-12 TUNER

I. TUNING RANGE: 88 10 108 mc. on FM, and 535 to 1650 kc. on AM. These
are the tuning ranges for FM and AM established by the Federal Communications
Commission.

2. SENSITIVITY: On FM, complete noise-limiting action is obtained with signals
of 15 microvolts. AM circuits respond 1o signals of 1 microvolt.

3. FM CIRCUITS: A separate high-frequency FM section employs tuned antenna
and RF stages feeding a mixer, and using a separate oscillator tube. Image interfer-
ence is minimized by operating the local oscillator at a frequency higher than that of
the incoming signals.

The outpur of the mixer is fed through two LI stages to a dual limiter, where static
and other amplitude disturbances are removed. The output of the limiter is applied
to the discriminator which produces a demodulated autﬁo signal for feeding into a
separate power amplifier.

4. AM CIRCUITS: An independent AM section provides a tuned antenna and RF
stage to eliminate image response. This is followed by a converter stage, a high-gain
IF stage, and a diode detector which furnished AVC voltage and the audio output 1o
the separate power amplifier. FM and AM output levels are approximately the same.

5. PHONOGRAPH: Terminals for connections jfrom a phonograph pickup are
at the rear of the chassis. A third position on the band switch cuts in the phonograph,
and its volume is regulated by the FM-AM volume control.

6. NEW TUBES: Miniature tubes are used in the FM section to obtain maximum
efficiency.

CONTROLS: Single-knob FM and AM wning, on-off switch, volume control, and
FM-AM phonograph band switch.

TUBE COMPLEMENT: The following tubes are furnished in the Universal Tuner:
one GBEG6, one 6C4, one 6BAG, three 65G7, two 6S)7, one 6HG6, one 6SA7, one
6SF7, and one GES.

DIMENSIONS: Height 734 ins., width 13 14 ins., depth 9 ins.

POWER REQUIREMENTS: To operate the Universal Tuner, a separate power
supply is needed to furnish 250 volis DC at 65 milliamperes, and 6.3 volts AC at
4 amperes.

OUTPUT: High-impedance output is designed to feed any high-fidelity audio
amplifier.

ANTENNA: FM antenna input of 300 ohms is intended for use with the new win-
lead cable. The FM antenna is also used for AM reception. No separate AM antenna
is needed.

MODEL RJ-14 UNIVERSAL TUNER FOR LABORATORY USE

When it is desired to employ this unit as a laboratory instrument to monitor qual-
ity of modulation, harmony of appearance of associated equipment i1s obrained
through the use of an engraved aluminum rack panel 19 by 834 ins., finished in black
leatherette. Sufficient space has been allowed for mounting a power supply. This
laboratory type is designated as Model R]J-14.

MODEL PF-12 POWER SUPPLY FOR THE TUNER

To make the Universal Tuner adaptable to the widest possible range of cabinets
and methods of mounting, it has been reduced in size by the use of a separate power
supply. This unir, using a SY3GT rectifier, is only 6 1ns. high, 3}4 ins. wide, and 8
ins. deep. Operating on 115 volts, 60 cycles, it furnishes adequqxely:ﬁl(ercd lﬁ_C, and
the AC required for the tubes in the Tuner. Current consumption is approximately
0.7 ampere.

AMPLIFIER AND LOUDSPEAKER
Any amplifier and loudspeaker can be used with the Universal Tuner, dependinﬁ

upon the audio quality and power required. This also pernits experimentation wit
amplifiers and speakers to suit the needs of special installation.

October 1946 — formerly FM, and FM Rap1o-ELECTRONICS

HE BROWNING Universal
Tuner, as the name implies, is
designed to suit each individual in-
stallation for use in the home, the
broadcast studio, the laboratory, or
the advertising agency audition room.
Therefore, it is furnished without
power supply, audio amplifier, or loud-
speaker. This enables the individual
purchaser to work out his own ideas
as to the audio system and method of
installation, depending upon whether
the installation is for a small room, a
public auditorium, a skating rink or
a dance hall, or some other special
purpose. The BROWNING Universal
Tuner will deliver undistorted, static-
free FM signals, plus AM and record-
playing, to whatever audio sysiem you
select. The use of the Universal Tuner
provides high-quality performance at
the lowest cost, since it is necessary
to add only the accessories needed at
a given installation.

BROWNING
LABORATORIES, INC.

Engineers and Manufacturers

WINCHESTER . MASSACHUSETTS

C dian Repr ratives
Measurements Engineering, 61 Duke St., Toronto
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1877 : Grand-daddy of all microphones was
Alexander Graham Bell's box telephone, into
which Thomas A. Watson shouted and sang in
the first intercity demonsirations of the infant
art of telephony.

1937: The Western Electric ‘‘Machine Gun”
mike does for sound pick-up what the telephoto
lens does for photography. Sharply directional,
this microphone makes sound “close-ups” ot
vnusually long range.

62

1920: Telephone scientists developed the first
successful commerciol mike~—the double carbon
button air-damped type, Used first in public
oddress systems, it later became the early sym-
bol of broadcasting.

oo u's PAT OFF

1921: The condensor microphone, designed by
Bell Laboratories for sound measurement in
1916, entered the public address and broadcast
ing fields" It provided o wide frequency range
and reduced distortion.

1938: Cardioid directional micro-
phone, with ribbon and dynamic
elements, was the first mike ever to
combine 3 pick-up patterns in one
instrument. The later 639B, with 6
potterns, is also one of the finest oll-
purpose mikes ever made,

/7
‘Graybahh

RINCIPAL CITIES

IN OVER 9C 2

FM AND TELEviIsiON



pace in Microphone Development

1931: Bell Telephone Laboratories developed

the Western Electric moving coil or dynamic ’

microphone. The first of its kind, it wos rugged,
noiseless, compact, and needed no polarizing
energy. Many are still in use.

1946: No larger in diometer thon o quarter,
the 640 Double-A condenser mike (shown with
associated amplifier) is ideal for single mike
high ‘fidelity pick-ups. It was originally de
signed as o laboratory test instrument

1935: The first non-directional mike — the
famous Western Electric 8-Ball, designed by Bell
Loboratories. Small, spherical, it provided top
quality single mike pick-up of speech or music
from every direction.

What is a microphone? Fundamentally
it’s a device which converts sound into
electrical energy—just what Bell’s orig-
inal telephone did for the first time
away back in the seventies.

Today’s Western Electric mikes—the
Salt Shaker, Cardioid and 640 Double-
A _are a far cry from the first crude,
close-talking telephone transmitter.
But they’re its direct descendants.

Year after year,Bell Telephonesscien-
tists—through continuing research —
have developed finer and finer tele-
phones and microphones.

1936: Directional with slide-on baffle, non-
directional without it, the Western Electric Salt
Shaker gave highest quality pick-up at new low
cosl. Widely used in studios and remoles as
well as in high quality sound distribution.

Year after year, Western Electric
has manufactured these instruments,
building quality into each one.

Together these teammates have been
responsible for almost every important
advance in microphone development.

Whether you want a single mike, a
complete broadcasting station, or radio
telephone equipment for use on land,
at sea or in the air, here’s the point to
remember:

If Bell Telephone Laboratories de-
signed it and Western Electric made it,
you can be sure there’s nothing finer.

BELL TELEPHONE LABORATORIES

World's largest organization devoted exclusively to research
and development in all phases of electrical communications.

Western Elecfric

Manufacturing unit of the Bell System and the nation’s largest
producer of communications equipment.

October, 1946—formerly FM, and FM Rapio ELECTRONICS
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EVERVBODY IN RADIO NEEDS THIS

It’s on the press!
. . . 144 pages packed with the
latest in radio parts, radio sets,
ham gear and test equipment.
This big, new Lafayette Catalog
will offer you the most complete
line of everything that’s new in
radio and electronics. Plus an

HUNDREDS OF
WARD-T0-GET PARTS

THE NEWEST
IN HAN GEAR

NEW, LAFAYVETTE
CATALOG

It'’s

FREE!

AR STOREHOUSE OF
RADIO INFORMATION

added extra . . . a special bar-
gain section that lists hundreds
of surplus, standard-make radio
and electronic parts at money-
saving prices. Mail the coupon
below NOW — reserve your free
copy — and cash in on these un-
heard-of radio values.

STANDARD p,
LEADINg m:nrss

) ! o5t Here are nationally kunows ANl Latay.
(ylmlz_—:l;li}ff,i;)i’; :;{d[:’lﬂ" communications recertr- P"adua,/:;“':: Jtems gre
uar, s that Lafayelre ers, Hallicrafters, Vomax, 4N Manufacrppo® Ameri.
uonlt; wp for you. 1] National, Metssner transmit- the bighess ”';’. and of
hat l:f:x ly - low “Lafayettc ters, tubes, anything and listed a54°, ’q ality. Al
r yp wy jamous Super- everything [ar the Ham relopmenss ‘;“"'.”"'f de.
/-rm’lé Service ships out C"{)g'onﬂ "Build-1t-Y ourself- the electrop;, ﬁ';lrarw'u
Spee sder the same day 1t Kit'*, designed for radio ser e i the g ; d. Com.
‘},(')'::r:ircd- fun at Lafayeste economy. ~#ayette Cﬂlala;/ for the
1 ' 3
! LAFAYETTE RADIO, Dept. HI-6 i
: 100 Sixth Ave., New York 13, N. Y. 1
| Reserve my FREE copy of the big. I .afayette ]
1 Catalog, and send as soon as ready. |
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WHAT WCXQ IS DOING

(CONTINUED FROM PAGE 36)

optimists as to the future of FM, hoth
for sound and for tacsimile programs. We
are no less optimistic as to the service
that eleared-channel AM can deliver for
many years to come. We intend to press
forward on all three fronts, and to con-
tinue, on FM, the forward-looking policy
that is a natural outgrowth of our having
initiated the first regular FM program
service in New York.

WQXQ. under the experimental call
letters W2XQR, began its operations on
November 8, 1939, Except for a elose-
down of about a week in order to move

PASTE ON PENNY POSTCARD. MAIL TODAY!

the transmitter from my Long Island City
laboratory to the Chanin Building, the
FM station has been on the air with
WQXR programns every day sinee its
spening. We don’t know mieh about the
size of WQXQ's audience today, but we
do know that two surveys made in 1942
showed that by June of that vear it had
more listeners than any other 1M sta-
tion in New York. We intend to do all
that we can to establish and maintain a
similar position on the new channel, both
as to our sound and our facsimile pro-
grams. The timetable for our progress in
putting new plans into effect will be de-
termined, to a large extent, by produc-
tion of FM receivers.

SPOT NEWS NOTES

(CONTINUED FROM PAGE M)

Raleigh, WMTW  Mt.  Washington,
KTHT Houston. WGAL Lancaster. and
WMFR High Point, N. C.

W.R. G.Baker: Addressing the RMA Trans-
mitter Scction at Harrisburg on April
30th: "~ What is the absolute end result of
any engineering effort? . . . It is very
simple to state, but not too casy to realize,
This objective is to make a profit for
someone. . . It is unfortunately too
true that this simple truth is not appre-
ciated and understood by many engineers.
That such is true is evidenced by the fact
that, by-and-large, lawyers, accountants,
and candle-stick makers manage the busi-
ness of the Country. Too many engineers
emulate the ostrich whoe sticks his head in
a pile of sand to avoid reality. Too many
engineers stick their heads in the sands of
science to avoid the facts of life.

Expansion: Initial production started on
September 24th at Phileco™s new 8-story
plant adjoining the main factory. Total
floor space of this addition is 300,000
sq. ft.

Television Plans: Bendix is preparing to pro-
duee both black-and-white and color tele-
vision receivers, the latter under CBS
license. Television development will be
headed by A. C. Omberg, with a staff in-
cluding Frank K. Norton, W, B. Wilkins.
and Dr. 11, Goldberg.

WBT-FM: Construction of an $80.000 FM
transmitter has been started by WB'T-FM
on Speucer Mountain, 16 miles from Char
lotte, N. C. The complete plant, to cost
$250,000, is scheduled to be in operation
next January. The finished transmitter
will have an outpnt of 160 kw. from an
antenna 1,836 ft. above sea level.

Facsimile on WJID: Chicago station WIID
will transmit daily facsimile programs
during the NADB Conference. Finch Tele
communications will have recorders in
operation at the Continental Ilotel, 503
N. Michigan Avenne.

WGYN: New York's first station to oper-
ate on full power at the new band is now
operating full time, from 7 A to 10 e,
weekdays and 9 a.m. to 10 par Sundays.

Philip M. Baker: Washington radio attorney.
formerly associated with Andrew G,
[aley and Major General Myron C
Cramer, has opened offices at 1101 Earle
Building, Washington, ). C. From 1941
to 1944, Mr. Baker was an attorney for

the FCC,

New Tubes: Raytheon is now in production
on two new miniature cathode-type tubes
(CONTINUED ON PAGE 68)
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New Program Distribution Systems Make Rail Travel
More Pleasant; Will Increase Passenger Traffic!

ming S stems Produced by Pioneers in Quality Sound Repro-
uncing forthc® reproducers: 24 Y Q Y P

tems on | duction, Communications and Television.

In annot - .
. musica s
ation of ublic address 3&

jo @ 3
\ rt?\i'u‘ passenger tran
residen

N.[usic now brings its magic to the railway passen-
ger —and gives railroads another tool with which to sell
travel by rail!

In announcing the first modern electronic program dis-
tribution systems for railroads, the Farnsworth Television
& Radio Corporation takes a logical step forward. Known
for its superlative phonograph-radios, including The Cape-
hart, for its pioneering in the fields of tonal reproduction,
television and other forms of electronics, Farnsworth now
extends its engineering knowledge and manufacturing skill
to the field of passenger entertainment.

These new systems will meet the varying tastes of passen-
gers and the specific operating conditions of individual
roads. Based upon the knowledge secured from railroad-
conducted surveys, the most complete Farnsworth system
provides four channels for individual selection: one for class-
ical and one for popular music; a third for radio programs;
and a fourth for train announcements and travel talks. More
old dining ca\“\';;_a\iu“ge \ simplified Farnsworth Systems are also available.
chair, and € Farnsworth engineering has met and overcome the prob-

lems peculiar to pleasing sound reproduction in passenger
cars, including the need for uniform, low-level distribution
and automatic compensation for varying ambient noise levels.

With these comprehensive, flexible systems, railroads can
now provide passengers with the same standard of enter-
tainment and comfort they expect in their own homes.
: Farnsworth Television & Radio Corporation, Fort Wayne 1.

f}f,’,’,f:{';fi"ch:- W L Fort W - Indiana.

cago Journa,

Harcn 4. 1546,

o o 0 00 © 0 00 0006060600000 00000000000

eeresecectss

MAKERS OF

THE CAPEHART ® THE PANAMUSE BY CAPEHART

Other Products Include : Farnsworth Rodio ond Television Receivers and Transmitters -+ Aircraft Rodio Equipment + Farnsworth Television Tubes
Halstead Mobile Communicotions and Troffic Control Systems for Rail and Highway < The Farnsworth Phonograph-Radio
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ALTEC LANSING’S MODEL 603
MULTICELL DIA-CONE SPEAKER

e%“ll/ /0

Poiced ,/bz
Qaa/t@ Slandaids

goﬁuén J%ﬁ(’a/

For those who want a moaerate priced speaker that can provide
true high quality performance. Here it is—a superb speaker that's
surpassed only by the famous Altec Lansing Duplex. Specially de-
signed for limited budgets—Model 603 assures high frequency
distribution, frequency response and undistorted reception ex-

pected of much higher priced systems. Learn more about the 603.

MODEL 603 —Multicell Dia-Cone speakers incorporate a metal high frequency
diaphragm and a 15’* low frequency cone coupled by a mechanical dividing net-
work o a3” Voice coil of edgewise wound aluminum ribbon. Write for other details.

NOW AVAILABLE

$3400

ALTEC

LANSING CORPORATION

1168 N Vine ywood Cdl
250 W. 57th St N. Y. 19, NY

R KINERNERNP A DV ANCI NG W I TH ALTESC LANSING”
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by the channel switch.

1LH4, one 1LC6, four

hand set, instructions,
rcady to operateé, les

Telephove Handset T5-13

With listen and talk switch.
Incorporates 200 ohm carbon
mike and 2000 ohm ear
phone. Supplied with 6 ft.
cord and one each PL-55 and

PLog ki, $2.95 ea.
.50 cach in Iots of 50

ICW, 25 watt output. s
transmitter Of as exciter:

t supplied) thatca
S'z?mge. Tubes: 801 osGC,
speech amp. and two 46 ¢

lation.
any of dfcluur Cr%es
supplied less tu 0 L

43233.A. SPECIAL,
MA #325?7.5 in lots ©

Portable and Mabie FM Tromsmither
and Receiver, SCR—ﬂO' .
smitter and receiver or
Sﬁf)r[tr::nge communication. L:gh;—
weight. Operate from 6 or 12 volt

mc, crystal comroll:ed fo;' oE_er};Ae(:oonf
nels. Eit

n any two of 80 chan

?wo pre-setfrequencies can be chosen

Change from

i t by switch-on
eceive 10 transmi .
:elephone hand set. Tubes: one

SPECIAL, $79.50 ea.

$%9.50 in lots O

itter hone,
80_meter transmitiers pU e as regular

20 to 27.9

1LNS5, two

i lete
one 1294, four 1299. Comp!
ivzi?l:’so crystals, tubes, telephone

accessories,
s batteries.

t 50

Lightweight, with press- [voice coil 10
X\ to-talk button. Built.in
filter to suppress carbon

hiss. 5 ft. rubber covered §§ on 27.° centets. Size 2 Va H.H.F.—500 watt, 10 chms, 7 amps . $3.95
cable and PL-68 three-circuit bigh, 2° wide, 2° deep. Ward Leon. 500 watt, 12 50hms. 10amps 3.95
plug supplied. MA UOT-15. 1.20 ea. West’hs 800 watt, 175 chms, 3.7 arnps 4.95
A 17-B. $1 75 - SPECIAL, f 50 ELECTROLYTIC COND:NSERS:
sPECIAL PRICE L. 1D €@. sc cach i lots 0

$1.50 each

CW, or
2000 kc to

X wer supply
5250 kc. Requires exte;r(\i:llmr $00 plate

L lects MOPAOI’
Panel swusc‘l;\‘lsef:equenmes_ Unit

$22.50 ea.

f50

once! MA 7580 N 50000 ohm W W _wwith switch 3° shaf 1
17008 g
A TERR'F'C <145 in 50 lots 750 ohin W naft 245
. 50000 ohm carbon 8" shaft . . . . . 217
VALUE! UNIVERSAL Dual carbon 20000 chm frt 40000 ohm rear 32¢
OUTPUT Socket std acorn for 9.4.955 tubes, etc. $9.50/C
T-17-B 200 Ohm | ;5ansrormiR Socket octal ceramic 1V2° mtg ctrs . 4.50/C

. -;e\ INTERPHONE SET

RAK-

. AK-7 Long Wave Receiver

ersreal €ommercial receiver for

AC’ marine, aviation, hams, e
Operated, regula-ed f’

experiment-
€. 110 volt

¢
2

Frequency range,

] mF Stages. Panel has band s‘.wiTwo e
Coent‘erré]AVC !Igvel control, Ante
S, audio runin itvi
{/omrols. including fn“:\r:'"?)l‘ “Filamesy
oltmeter with a r 0 :
four 6DG, (w-

876. Comes ¢

Sensational buy! Look at these parts;
125 feet—3 conductor cable
75 feet—+ 72 Scine Twine
1 roll—6 ft. red acetate tape

ange of 10
0 41, one 573, gl

ompl 1 roll—gfglwhli(e acetate tape
plete wi N 2 —Cable clamps
»z\nd Parts. MA #R K.;‘h extra setof tubes 1 —4 prong Jones plug in
\ aluminum jacket
1 —4 contact Jones socket in
| aluminum jacket
- T M 2 T —Pull chain aésgmblics k.
A ow-3
WHILE THEY LAST! Speciar, J0C per kit

i R
ALNICO 5 SPEAKERS i >
5 Alnico PM Speaker with 4 ‘ |

i il, te tput tzans-
ohm voice coil, less ou
former. Limited supply—order at

per kit 'n lots of §

MID-AMERICA VA

| POTENTIOMETERS

MILLIAMMEYERS: EACH
GE, West’hs 0-20 DC, 2% dia. flange . $2.49
(SEE 0-3001DC 2547 dgn. flange . - -2

be, single impson 127, 0-5 DC . .
:,?);)(uush?pull. Strap mounting, POWER RHEOSTATS:

Carbon Mike

will match

. 249

30 mfd, 15 mfd, 10 mfd, at 250 VDCW 75¢

| 80 mfd, 40 mfd. 40 mfd, at 250 VDCW  75¢

1 mfd, 500 vdew, GE *26F466 pyranol 39¢

ATABLE i 1 mfd, 600 vdcw, GE ' 2F2K1 pyranol 49¢

s ON AN TEN NAS 25 mfd,1000vdew,GE ~26F467 pyranol 39¢
R

3
| 16 mfd,1000 vdew, GE423F17G2 pyranol $2.95

in lots of 100

(A, TEN METE IC) ANTENN A 3 mfd, 4000 vdcw, pop. makes, oilfilled 4.50
gls)'{l,lliA(\ P 'f(l‘!} :kfhi E'Lll-: gM E NIT S§ — set MISCELLANEOUS PARTS:

$ NG-AC of six. Screw In antenna 54

VERTICAL ANTEN- section approximately g??dbho?e 8000 ohm BSZ‘E. R
NA- 8 sections totaling 387 long, totaling 13, iley crystal holder FT-17t-B . . . 30¢
120 inches. ;" threaded tapering from %" base QPDT high volt. antenna knifeswitch 39¢
"é"e\"é?x"wl‘icu AN t;r):\l( '“pi-‘OOT TELE énrcu:l breaker .5 amps at 1000 volts . 4.50
(B) V - D) 1215 - ¥ Circui 2 ili

TENNA, 3212 in. long. SCOFIC ANTENNA- L oven s o2 IINAMps atdi5v. 2.90
Flexible spring base pulls out to 12!, feet TuBEs On band for immediate shipment.
with threaded stud. and telescopes down to Write for low prices in lots of 100.
Top section pulls out

12 inches. Base is 'y
for storage 3{” threaded diameter with %7

base shank, threaded base shanl“(.

| RECEIVING TUBES: 1RS 155 1T4 3Q4 354 6BS
G6AC7 BAGS 6ALS 6HE 616 6K7 6SLTGT 1208
6SN7GT 12SH7 12SR7GT VR-90 14AF7 VR-130

SPECIAL PRICES EACH Lots of 50 TRANSMITTING TUBES: 2X2/879 2C26A 211
A—MA No. CVA-I £1.49 $1.19 3D21A HY114B HY615 RK34 801A 603
B— MA No. AN-130 49 19 8838 954 935S 957

952A 9002 9003
9804 1201 1203A 1613 1624 1625 1632
& 1633 1634 1633 18434 3BP1 5CP1

C- MA No. AE-6 3.45

= N

Mid-America Co., Dept, FMT-106
2412 S. Michigan,

1
1)
A\ Chicago 16, IHinois. |
Send me at ooce—ABSOLUTELY |
M D [ ] \ Py > A\ FREE—yout brand-new catalog listing

STORIE

2412 S. Michigan
Chicago 16, [l.

Ave.

PHONE: ViCtory 5987
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hundreds of “hard-to-get’” radio parts. |
transmitters, and electrical equipment,
WAREHOUSE .

ALL AT MONEY-SAVING PRICES. |
2307 S. Archer Ave.

Chicago 16, Nl.
PHONE: ViCrory 7820
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MONITORS

g. No charts or com-
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licated calculati r
F:A‘I«::ilc:ﬂ:»le for all the frequencies

used by the Emergency Services,
including the new 152-1 6? mc.
band. Designed for operation on
110 V. AC 60 cycles.

Also available for
88-108 mc. FM Brao

the New
dcost Band.
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FM TRANSMITTERS

(CONTINUED FROM PAGE 54)

structure of the air-cooled plate and
through it the DC plate potential is sup-
plied. The entire tube, except for filament
and grid conneetors, is enclosed by the
tube socket. The tube is insulated from the
socket by a evlinder of Pyrex glass. Silver
plating on the glass forms one plate of the
condenser C1, Figs. 18 and 19\, thereby
helping to conneet the plate RF-wise to
ground potential. The three coaxial tuning
elements of Fig. 19\ are arranged in a
closely packed vertical arrangement which

SPOT NEWS NOTES

(CONTINUED FROM PAGE 68)

speaking as a member of the radio audi
ence: "We, the publie, need a eritical
review of radio programs, both of news
and entertainment, just as diseriminating
and just as independent as are the dra-
matic and musie reviews in our best
newspapers.”

D.CK. & J.: New law firm of David, Court-
ney, Krieger and Jorgensen has been
formed by ex-offieials of the FCC. Na-
than H. David was assistant general

extends some 3 ft.above the top of the tube  counsel: Jeremiah  Courtney, assistant
structure. The latter just projeets above  general counsel, safety and special serv-
the top of the tube socket. Ancelectrically  ices: Seymour Krieger, chief of field

tight evlindrical sereen, some 6 ins. high,
joins the top of the tube socket to the
tuning pipes. Thus, the whole structure is
completely shielded from the outside and
from unwanted interaction between the
neutralizing coil. output cireuit, and in-
put circuit. Moreover, the whole structure
is at ground potential and entirely free
from hazard to operating personnel.

The unique tube socket design and the
small size of the tube make it possible
for one operator to change the tube
quickly and easily. The grill covering
is readily lowered by loosening a elamp.
The grid and filament leads are then dis-
connected and the whole tubular housing
for the tube slides forward on rails. The
tube is casily lifted out of the housing.
A tube can be installed just as quickly by
simply reversing this procedure.

A blower to supply foreed air cooling
to the plate and grid structure is located
in the base of the amplifier cabinet. The
cooling air first passes over the grid and
filament seals and then through the fin
structure, exhausting downward.

With these novel features, both electri-
-al and mechanical, the new transmitter
is unusnal in appearance as well as in de-
sign. All tuning and amplifier controls are
motor-operated to climinate long or intri-
cate mechanical linkages. and all contact-
ors are controlled by DC to insure guiet
operation. By means of interlocks and
time delays, all potentials are applied in
the proper sequence at starting, and a com-
plete complement of safety devices pro-

section; and Norman E. Jorgensen, assist-
ant to the general counsel and previously
assistant to the Chairman. Address is
1707 H Street, N. W., Washington 6.
D.C.

Lester N. Hatfield: Has been appointed chief
engineer of Press Wireless Mfg. Corpora-
tion. After 2 years as a licutenant in the
clectronies division of the Bureau of Ships,
he joined Press Wireless in January, 1945,
For the 10 years previous, he was a mem
ber of the CBS engineering staff.

Dr. R. 0. Curry: Has been appointed audio
and acoustical engineer at Farnsworth
Television & Radio Corporation. A native
of England, he holds a Ph.D. degree from
the English University of Durham.

IMSA Conference: PPolice and municipal ofh-
cials will gather at Miami for the 51st
annual meeting of the International Mu-
nicipal Signal Association, November 11
to 14 inchisive. Headquarters will be at
Hotel Alcazar. Information can be ob-
tained from Irvin Schulsinger, 8 E. +1
Street. New York, 17,

Facsimile: We find that facsimile is de-
cidedly more dependable than the opera-
tion of the airlines! When Finch seheduled
a demonstration of facsimile reception in
an air liner, the plane in which the equip-
ment was to be installed was fog-hound
at Pittsburgh. Next day, the plane reached
Newark, but the control tower refused

Other DOOLITTLE equipmentin-
cludes Station and Mobile Anten-
nae, Station Control Units, Mobile
Receivers and Transmitters, Sta-
tion Receivers and Transmitters
for the Fmergency Services.

vides full protection for the operating per-
sonnel. The complete 10-kw. transmitter
includes the driving unit already referred
to, the 10-kw. amplifier unit, and a power-
supply cireuit arranged in a cabinet of

clearance for it to take off because of bad
weather. However, the facsimile equip-
ment in the plane worked perfectly even
though the antenna, mounted under the
fuselage, was only a few feet off the

SEND FOR FULL DETAILS

RADIO, INC.

7421 S. LOOMIS BOULEVARD
CHICAGO 36, ILLINOIS

BUILDERS OF PRECISION RADIO EQUIPMENT

similar appearance. This assembly is com-
pletely self-contained. and requires a min-
imum of floor space.

In actual practiee it is often desirable
to install FM transmitters in unusual
locations suel as on the upper floor of an
oftice building. in which case compact de-
sign is a necessity, These transmitters
provide this compactness and at same
time are constructed for maximum ease
and economy of operation and accessibility
for maintenance.

ground. Signals were transmitted from
the Finch FM station WGHEF in New
York City.

Pilot Glass Plant: Corning Glass Works has
set up a plant of 11,000 square feet to
handle pilot runs of new glass produets
and to check new manufacturing methods.
Located at Corning, N. Y., the new plant
will serve as a connecting link between the
research laboratory and factory produe-
tion.

FM axn TeLevision
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 JACK OF ALL TRADES"

SANGAMO METAL-CASED MINERAL
0/t PAPER CAPACITORS

Mineral oil filled to assure longer
life and more stable performance
over a wider range of operating
temperatures.

e
—

“A Sangamo Capacitor
that will fill your needs

Sangamo Types 20 and 21 Capacitors
have attained extreme popularity
with their users because of their ex-
cellent by-pass and coupling qualities.
Vacuum impregnated and filled with
the highest grade of mineral oil, their
capacity is stable from 55 C below
to 85°C above zero. Capacitors are
available within the range of 200 to
2000 volts working.

Write for the new Songameo Capocitor Cotelog which contoins

complete informeotion for your use

SANGAMO

ELECTRIC {{l[) COMPANY |

SPRINGFIELD ¢ ILLINOIS

P e

-— o——-—.‘ -
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A ruggedly constructed direct reading laboratory instrument
specially designed to measure Q, inductance, and capacitance
values quickly and accurately. Invaluable in selecting proper low
loss components for high frequency applications.

SPECIFICATIONS: —FREQUENCY RANGE: 30-200 mc, accuracy + 1%

RANGE OF Q MEASUREMENT: 80 ta 1200
Q CAPACITOR RANGE: 11-60 mmf; accuracy + 1% ar 0.5 mmf, whichever is greater

Write for Catalog C

. BOONTON ‘RADIO (2
™ BOONTON-N-J-U-S:A-\_ _(JE, ’W(e‘/é;'/(\,.f"

-

The BROOK %
High Quality Audio Amplifier
Designed by Lincoln Walsh

Built to give the lowest possible distortion
AT 5 WATTS, 2nd harmonic is 0.6%—3rd harmonic is 0.3%.

Higher harmanics mot measurable.
Cross modulation less than 0.2%,.

AT 35 WATTS, total distortion is 6%,.

No transformer saturation at 35 watts at 25 cycles. Frequency
Response 20 to 20,000 cycles 0.2 db. Uses all low Mu Triodes

""Receiver Type". Patented automatic bias control circuit.

BROOK ELECTRONICS INC.

ELizabeth 2-7600 Elizabeth 2, N. J.
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BUILDING FM AUDIENCES
(CONTINUED FROM PAGE 31)

casting dates back to Major Armstrong’s
first announcements of FM’s develop-
ment, and our engineers have worked
closely with him since that time to develop
compact, moderately-priced FM receivers.
For more than six years we have operated
our FM station WEFM, in Chicago.
From this broad experience has eome
a tremendous enthusiasm about this new
and better kind of radio — an enthusiasm
that is reflected in our production guotas,
our sales policies, and our advertising.
Because we do believe in FM, we are anx-
ious to do everything in our power to in-
crease public interest in FM broadcasting
and to broaden the market for FM re-
ceivers. Undoubtedly, most other set man-
ufacturers feel much as we do about it.
After all, this is only good merchandising.
FM receivers are more expensive radios,
with a greater dollar return to the manu-
facturer, the distributor, and to the
dealer. Furthermore, the owner of an FM
set is more eertain to be thoroughly satis-
fied with his purchase — usually so en-
thusiastic as to become a booster for FM.
The FM station operator has just as
great a stake in creating interest in and
the desire for FM receivers, since the
value of his broadecasting time will increase
as the size of his andience grows. It would
scem, then, to be good strategy for all of
us to work together toward the ecommon
goal of getting across to listeners the
advantages of FM over AM reception.
In the past, networks, independent
stations, set manufacturers, radio dealers,
and listeners have had their own separate
and distinet ideas about what constituted
sound policies for the radio industry as a
whole. Many of the difficulties that have
beset AM have come about because of
this lack of codrdinated thinking. FM can
avoid these pitfalls by intelligent plan-
ning. As a step toward that end, I would
like to suggest that FM station operators
look up the distributors of leading FM
set lines in their territories, These distrib-
utors are alert, progressive business men.
Generally speaking, they are well aware
of the fact that FM is the coming thing in
radio. Because they are aggressive mer-
chandisers, they are receptive to new
ideas, they are codperative, and they have
much cxperience to contribute to plans
that will expand the local FM audience.
Obviously, FM operators are sold on
FM. We are. too, and so are our dealers.
But the fact is that we are all “hollering
down a well’" until the millions of radio
listeners become as much aware of FM’s
advantages as we are. And they aren’t
going to ask about those advantages. We
must tell them and sell them. Whether it
takes a few years or many years for FM
to become the chief source of radio music
and entertainment for the American pub-
lic depends upon the efforts all of us put
forth now.

FM anp TeELEvVISION



. « « do you know these
important performance
advantages of the
SHURE Super-Cardioid?

The improvement in unidirectional operat-
ing characteristics of the SHURE Super-
Cardioid Microphone over the cardioid is
indicated by the comparative pickup
patterns shown above.

* Maximum sensitivity (100%) is
achieved by sounds entering the front of
the Microphone.

* A wide range of pickup is indicated
by the fact that the Super-Cardioid is prac-
tically as sensitive as the cardioid at a 60°
angle. (69% against 75%).

% Beyond the 60° angle, the directional
qualities of the Super-Cardioid become
rapidly apparent. At 90°, the Super-Car-
dioid is 25% more unidirectional. At a wide
angle at the back (110° to 250°) the Super-
Cardioid ismore than twice as unidirectional.

% The ratio of front to rear pickup of
random sound energy is 7:1 for the car-
dioid; 14:1 for the Shure Super-Cardioid.

For critical acoustic use. specify the Shure Super-
Cardioid Broadcast Dynamic.

MODEL IMPEDANCE CODE

556A 35 ohm RUDOM
556B 200 ohm RUDOP
556C High RUDOR

List price . . . $82.00

Patented by Shure Brothers

SHURE BROTHERS, Inc.

Microphones and Acoustic Devices

225 W. Huron St., Chicago 10, HHinois « Cable Address: SHUREMICRO

October 1946 — formerly FM, and FM Rapio-ELkcTrONICS
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U.H.F. STANDARD SIGNAL
GENERATOR MODEL 84

SPECIFICATIONS

CARRIER FREQUENCY: 300 to 1000 megacycles.
OUTPUT VOLTAGE: 0.1 to 100,000 microvolts.

OUTPUT IMPEDANCE: 50 ohms.

MODULATION: SINEWAVE: 0 —30%, 400, 1000 or 2500
cycles. PULSE : Repetition—60 to 100,000 cycles. Width—
1 to 50 microseconds. Deloy—O0 to 50 microseconds. Sync.
input—amplifier and control. Sync. output—either polarity,

DIMENSIONS: Width 26", Height 12, Depth 10*,
WEIGHT: 125 poundsincluding external line voltage reguiotor.

MEASUREMENTS CORPORATION

BOONTON « NEW JERSEY

Ta provide relioble power for their fomous mobile trans-
mitters, Federal Telephone ond Radio Corporation
stondardizes on CARTER GENEMOTORS. Federal trons-
: mittess ore olwoys ready for
o | instont action , . ., becouse CARTER
GENEMOTORS supply instont
power! Guoronteed for over
100,000 tronsmissions ., . a
decode of average use! Write
for illustrated catalog.

The power is

‘ there=when you §

go on the airt

; WRITE FOR 1

At . L 3

s Power g ILLUSTRATED &

3 in 3/10ths b
= of a Second! CATALOG

((arter | [otoz ([
= lhieage, Siwois —=—

26 M : 3 : (EMOT
41 N. MAPLEWQOD AVENUE « CABLE: GENEMOTOR
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WHAT'S NEW THIS MONTH
(CONTINUED FROM PAGE 4)

I can’t say I enjoy a small sereen as it
requires too much coneentration. with the
result that the eyves tire very casily.

“All receiving was done while the studio
had several lamps lit. These were end
lamps at the sides of two divans.

“The receiver was a custom bailt job,
and no one would venture a guess as to
its cost.”

We shan't add to these comments be-
cause we think they are of greater value
as an appraisal of the state of eolor televi-
sion than any engineering opinion conld be.

Elsewhere in thisissue. the statement

1 is made that genuine FM receivers
seem ligh in price only beeanse eurrent
AM designs have been so cheapened in
mechanical and eleetrical design. and so
degraded in performance.

Just how true this is ean be seen by
checking prices of sets prior to 1929, when
AM sets were really well constructed. Of
course, they were subjeet to all the inter-
ference and background noise heard on
present day AM receivers, so that their
performance did not equal the new FM
sets. Moreover, manufacturing costs have
risen enormously sinee those days. Here
are some actual figures from 192+4:

For example, the famous Grebe table
model CR-12, deseribed as a 4-tube re-
ceiver combining regeneration and tuned
RE, cost $175 without tubes. londspeaker.
or batteries.

The Paragon model 111, a long-distance
record-lolder, was also priced at $175.
with tubes, batteries, and speaker or ear-
phones extra.

Slightly lower in price, and also a table
model, was the de Forest Reflex Radio-
phone type D10, It was described as “a
+-tube set with a range on indoor loop of
$.000 miles, record range 5.000 miles. It
has the reputation for the elearest recep-
tion of broadeast in existence. Uses either
headphones or loudspeaker. The simplest
long-distance set made, low in first cost:
cconomical to operate. Price for set and
loop $150. Batteries, tubes, phones. or
speaker extra.”

Still farther down in the price range
was a little Crosley number. Identified as
model X-J, the manufacturer said: **We
believe that for bringing in distant sta-
tions it cannot be equalled. Price. $65.
Costof necessary aecessories from $+0 up.”

Kennedy made some very fine equip-
ment in those days. We find the table
model V' deseribed as “an entirely new
development in radio science — it is un-
usually simple to operate. very selective.
has high electrical efficiency, presents a
pleasing appearance, and sells for $125
complete with all tubes. dry batteries,
Kennedy 3.000-0hm phones, with plug.”

Cutting and Washington were among
the first to produce console models.

(CONTINUED ON PAGE 79)
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WHAT'S NEW THIS MONTH
(CONTINUED FROM PAGE 78)

Here is their deseription of one type:

“The Console Model, a highly selective
+-tube receiver, is a beautiful furnishing
for your home, ax well as a wonderful
means of entertainment and  pleasure.
Completely self-contained in a handsome
walnut finish, Early English Period Con.
sole. with tubes. batteries. and a Mag-
novox speaker all in cabinet. — Finest
materials, simple  sturdy  construction,
an efficient. moderate-priced instrument.,
H325.7

No review of early receivers, however
brief. should omit the Radiola Super-
X1 the number that signalled the shift
from tuned RF to the superheterodyne.
RCA had this to say about the console
maodel: * With no antenna and no ground
connceetion, it receives far distant stations
even while local ones are operating. Lowd-
speaker built in — Com plete with six UV-
199 Radiotrons — everything except hat-
teries, $425.7

There are many other examples, but
these suffice to show how much more
radio hsteners get in a $400 FM-AM
phonograph console than they did when
consoles costing about that much had + to
6 tubes. operated on dry cells and storage
batteries. had perhaps 15 watt undis-
torted output. and didn’t include auto-
matic phonographs!

While we were looking up the pre-

1 ceding references, we ¢ame across an
article on amplifier design written by
Dorman Isracl. now the engineering gen-
tus hehind Emerson radio receivers. Here
are his introduetory remarks:

“In designing a speech amplifier for
broadeast equipment, it is necessary to
consider frequencies from 23 to 20,000
cyeles. The lower limit is determined by
the fact that certain musical instruments
such as the organ or double bass operate
as low as 23 eveles. The upper limit is, of
course, above the range of the normal car
so far as the Tundamental is concerned.
but when it is remembered that harmonics
are present which play a vital part in the
peenliar characteristies and qualities of
instruments. the reason for setting the
fimit at 20,000 cycles is obvious, . . . If
a violin is playing a 2.000-cycle note, its
cighth harmonic will be 16,000 eyveles.
Without the reproduction of these har-
monics, the violin would sound like a
tuning fork. for only the fundamental
would be present,”

What Dorman Israel wrote 20 years ago
isas true today ax it was then. The trouble
1x that, in the intervening vears, we ac-
cepted the andio limitations imposed by
background noise, static. and the in-
creasingly crowded condition of the AM
band. Now, however, there is already a
renaissance of interest in high fidelity he-
cause FM has made it an attainable goal.

October 1944

Y TRANSFORMERS

with INbuilt Quality for
OUTstanding Performance

WEST LAKE ST, GLENVIEW, ILL,
Export Agents - Schee! lnternationol - 4237 N. Lincoln Ave. - Chicoga, 11 U. 5. A.

IF YOUR NEEDS in radio o-

sets or
available

electronics parts,

equipment are

% Li*erature and full information
on ANY manufacturer's products
will be sent promptly on re-
quest. Wire or phcne for quick
action

% Our big bargain counters are
lcaded with new parts and un-

usual special equipment. n-
quiring  minds esjoy these
displays.

« ELECTRIC COM
. ormaﬁ‘/ﬁ

formerly FM, and M Ravio-ELecrroNies

PANY, INC

onywhere, you'll

save time by phoning

or wiring Newark
Electric. Tremendous,
up-to-the-minute stocks

are maintained in all <
three stores.

COMPETENT TECHNICAL MEN
handle your inquiries intelligently
and promptly and can quote prices
and delivery da*es on specific mer-
chandise. Orders shipped same day.
‘Nhen writing address Dept. M2.

NEW YORK

e ELECTRIC COMPANY, INC e

N.Y.C.Stores: 115 W_45th St. and 212 Fulton St.
Offices & Warehouse: 242 W, 55th St., N.Y. 19

Dept. M2

P.A. Depts. in
all stores. Set
& Appl. Depts.

the following?

literature ©O"

inN.Y.C
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CTC STANDARDIZED DESIGNS

SPEED DEVELOPMENT and PRODUCTION

1. CTC Turret Terminal Lugs for speedy
assembly by swaging. Quick soldering and
firm holding. Of heavily-silvered brass, these
lugs heat quickly, assuring neat, positive
wiring. Stocked to fit 1%, Lig”, 30", ", 34"
and %’ boards. Avoilable with single or
double soldering spaces. Also in midget sizes
for extremely compact units.

2. CTC Split Terminal Lugs. A 050"
hole through the lugs permits wiring from top
or bottom without drilling. |deal for trans-
formers and other potted units requiring
soldering after potting. Knurled base pre-
vents twisting, Brass, heavily silver plated,
stocked to fit 34" and 36" terminal boords.

7. €CTC Terminol
Boords. All-Set Termi-
nol Boards stocked in 4
widths: 2", with single
row of lugs; 2 with
double row of lugs 12"
apart; 22", with double
row of lugs 2" apart, and
3", with double row of
lugs 22" apart. Three
board thicknesses available,
39 W' ond %", De-
signed to properly mount
standard types of resistors
and capacitors.  Special
boards can also be made
to your specifications using
any type of CTC lug.

-

=2

3. CTC Double-End Terminal Lugs.
Two terminal posts in one swaging operation.
Neat, positive wiring from top or bottom of
board. Brass, heavily silver plated. Stocked
to fit 36" and %" boards. Also in midget
sizes for extremely compact units,

4. CTC Slug Tuned Inductors. Easy-to-
mount LS3 slug tuned coils ore available in
five windings, covering from 2 mc to 184 mc.
The unit is extremely smafl and compact —
only 1" high when mounted. Coils of
practically ony shape and size are also
available to your specifications.

5. Mathematicolly Dimensioned Crys-
tals. This new CTC development assures
consistent performance, guarantees high
activity and long life in every CTC Crystal.
But one of 21 steps and checks that protect
quality of CTC Crystals.

6. CTC Pressure and Hond Swagers.
Quickly and surely swage all CTC stondard
lugs to terminal boards.

Pressure Swager fits all board thicknesses
and swages lugs up to 14" from edge of
board. Additional anvils and punches to fit
all Standard Lugs supplied on request.

Hand Swager base is gripped in a vise and
the rolling tool struck with a hammer.

8. Special Coils. Units pictured are but o few of the special Coils
designed and manufactured to customer's specifications. CTC can
design and manufacture coils of practically any size with any style
winding, and varnished or impregnated to meet the most rigid re-
quirements,

CUSTOM ) CTC Engineers will design Bocrd!bCoils WRITE FOR 1 for complete information on these and other

CTC Electricol and Electronic Components

ENGINEERING ( and Terminal Lugs for production in quan- CATALOG
‘ and Hardware. No obligation, of course.

tity to fulfill whatever need may arise. NO. 200

a
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Everything you need in a console

Here are 9 good reasons why the Collins 212A-1 speech
input console is superior for AM and FM applications:
V. High fidelity—30-15,000 cps within 2 db. The clear
noise free output of this new console mairtains the high
quality of your programn.
2. Operator convenience—sloping front panel, lever type
positive actton switches, push button remote line selection,
two VU meters, and maximum accessibility.
3. 10 independent input channels —simultaneous operation
of 6 microphones and two turntables, with individual pre-
amplifiers for each, and two remote channels.
4. 9remote lines with push button selection and monitor facilities,
5. 5 loudspeakers fed by the monitor amplifier —selective talkback
circuits are interlocked to prevent program interruption
6. 2 program amplifiers —provide dual operation or emergency pro-
tection.
7. Dual power supplies available—automatic switch-over in case
of emergency.
8. Connections for external on-the-air light relays. The 212A-1
furnishes the power.
9. Broadcasting, rehearsing and cueing can be performed simul-
taneously fron. any combination of two studios, an announce booth,
control room microphone two turntables, and nine remote lines.
Exclusive with Collins! The up-to-the- The 212A-1 will give added efficiency to your operations. Its at-
minute design allows the entire cansole to tractive, dignified, metallic gray and black finish will en-
l::;:ff?n?r ::Se';g:;}is’.’;na:lcezi;at; rh.‘i’.‘}‘:; hance the appearance of your studio. Let us send
you complete details of this and other Col-

212A-1 can be placed against a window or A 4
wall without sacrificing accessibility. lins broadcast accessories.

FOR BROADCAST QUALITY, IT'S...

COLLINS RADIO COMPANY, Cedar Rapids, lowa

L 11 West 42nd Street, New York 18, N. Y, 458 South Spring Street, Los Angeles 13, Californio




FREQUENCY Jil’lk MODULATION
BROADCAST
TRANSMITTERS

250 WATT « ONE KW + THREE KW

ITH THE SAME HIGH STANDARDS THAT HAVE
MADE Link THE RECOGNIZED LEADER IN

EMERGENCY RADIO COMMUNICATIONS EQUIP-
MENT

TYPE 250 FMB
Specifications

Frequency Range: 88 to 108 mc.

Center Frequency Stability: Within
=+ 2000 cycles of assigned frequency.

Modulation: Phase modulation (Armstrong
system).

Avudio Input: Standard 600, 150 ohm line.
Deviotion: Standard = 75 KC.

Frequency Response: Within = 1 DB of
standard 75 microsecond pre-emphasis curve
from 50 cycles to 15,000 cycles.

Distortion: Less than 1.09), rms from 100 to
7500 cycles; less than 1.57) rms from 50 to
100 and 7500 to 15,000 cycles at = 75 KC

swing.

FM Noise Level: At least 65 DB below
= 75 KC swing within the band of 50 to
15,000 cycles when measured in conjunction
with a demodulator of standard 75 micro-
second de-emphasis characteristic.

AM Noise on Carrier: At least 50 DB below
the equivalent of 1009, AM modulation level
within the band of 50 to 15,000 cycles.

RF Harmonics: At least 60 DB below funda-
mental frequency output level.

Audio Monitor: Built-in.

Externol Monitoring: Jacks are provided
for operating external carrier and frequency
swing monitors.

OPEN and CLOSED VIEWS of Type 250 FMB— 250 W. BROADCAST UNIT

ENGINEER o MANUFACTURER

PREFERRED 44/ RADIO
Fred M. Lin k COMMUNICATION EQUIPMENT

125 WEST 17th STREET e NEW YORK 11, N. Y






