TELE-TECH
Y813 .

~ Y )

Worla Radio History

. i P - - - =t




> prodict

You may build the best appliance of its
kind on the market — but if it scts up
focal radio interference—you'll have tough
sledding against today's keen competition,
Your customers are demanding radio
noise-free performance in the electrical
equipment they buy.

The answer, of course, is to equip jou
products with C-D Quictones. Why
Quietones? First, because they're the best
engineered noise filters — sccond, becausc
they guard your product’s reputation by
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IS MORE SALEABLE WITH

third.
because they're designed and built to meet

giving long trouble-free service

manufacturers’ specific needs — ethiciently
and cconomically.

Speed up sales — butld  prestige — boost
profits with (D Quietones. Your inqui-
rics are invited  Cornell-Dubilier Electric
Corporation, Dept. J3-8. South Plainficld,
New Jersey. Other large plants in New
Bedford, Brookline and Worcester, Mass.,
Rhode¢ Island.

and Providence

o

Reg. U.S. Pat. Of.

Make Your Product More Saleable
with C-D Quietone Radio Noise Filters
and Spark Suppressors

¢ DYKANOL

PAPER

LLECTROLYTIC



TV APPLICANTS and CP HOLDERS

Listed by location and corporate name as of April 19, 1948

Applican"’s: 205 CPs: 67 (!ncludes those listed below and in Timetable)

APPLICANTS Des Moines: Central WIIO Broadeast- Troy: Troy Broadeasting Ce. WASHINGTON
ing; Cowles Braadcasting; Indepen- Utica: Copper €ity Bromdeusting: riea Seattle: IMichorr Blind Htativn
ALABAMA aent Broadeasting; Murphy Broadesst- Obserser-Dispateh WEST VIRGINIA

ing: Tri-State Meridith Broadeasting

Birmingham: RBitmingham News; Voice
uingham  News lowa City: State Universiy ¢f lowa

NEW HAMPSHINE
of Alsbuia

Whneeiing: W. Voo wdeastin
Portsmouth: \WWHLD, T, et . imedidfting

WISCONSIN

ARIZONA KANSAS L 8 , )
Phoenix:  I'hoenix  Television; KTAR Topeka: Mldland Broadeasting: ‘Iupeka N%E:,ng'?qgltmf}‘. Mivertlsing; Surety M':\l!-m.m' Badger Troadesting; Radio
Braadeasting Co. Biroadeasters Axsnelation Brondeasting: WS¢, Tne, oo Milwaukee: Ilearst  Iadio:  Wionsi
4 N . D . e i . P 'S ol eonsin
CA NIA LOUISIANA Greensboro: Grecnshoio’ News atrageig - Lol ol TG
BLa'kFe?sgeld: Pearl Lemert New Orleans: Loyola Unlversity; Miss. 0HlO0 oros e gl‘lr;{"'"{l\:]l:‘l\!l';}‘IhI\\nlm”dl G I
Fresno: Donroy Broadeasting; Calif. In- ,}_’“l”\ei)' @ IP"’“‘]"““I"S; New  Orleans Akron: Ailen T. Simmans  (WADC); o |
land Broadeasting ¥ & = Summbt Radio ' : ! N . 5 . \
Lu(s“_ﬁA\'r||{::fs:“\_’lr)3{1‘) Lee Broadeasting s"]";?fd‘zl'z?\h::;‘"""l’“"- Television Ca. g?nlpn: tl}.m{;“_\l )o;; Newwrpapers CON TRUCTION
XAO) (i incinnati: Allen . DuMunt  Lahora-
Oakland: KROW, INC. (8ee San Fran- MASSACHUSETTS tordes " 3
cinen) . ; Boston: E. Anthony & Sons; Doston Cleveland : Cleveland  Breadeasting: M- PERMITS
salc;amﬁm:: M. R. Schacker: Sacramento Metropolitan Television; i llen B. DuMaont Laborutorics: Unitel  CALIFORNIA
roadeasters . R Droudeasting ; Mass, Broadeasting; Sroadeasthing; WGAR Broadeasting; Los Angeles: KLAC TV KMTR Radio
San Diego: Mirfur Radio: "_“”"“" Radio; Matheson Rudio: New Encland Tele- W.IW, INC. Corp.: KTTY. Thues-Mittor (8770
1,)(," I,("(l .]:m‘u(h-nan_ng, ._h-lxlnnou vision; New Ingland Theatres; Tuen- Toledo: Maumee Valley Broadeasting; San Diego: KIMB-TY  Giows Bioad
;uhllr:ltmqs! Kan lnlegq I_.n<9dr:|~1- tieth Century Fox ‘Rlalo Blade calliling
g}i:‘d:f:l:’i\l:;l“n Broadcasting; Video Fa'll‘llﬂiver: Herald News; New England Youngi(ownl: )I:n\hﬂehl Radin: Vindiea- Stockton: KGDM TV 1L T'. Peftir
adeasting . eleviston tor rinting; WKEN Doowdeasting FLORIDA
San Francisco: Columbia Diroadeasting; Lawrence: Hildreth & Higers OKLAHOMA A . . .
Lelund Holzer; Krow, lne. (Ouaklandi; ford: 1 wy ® Sens . s @ Miami: Sauthern Radio & Tele.
Dan lLee 1 deasting: N, 1l Patter- g:,:"gﬁeg:::d "] .'\I}I;il:‘gl|.{:"(l "l“f.:le\'him)' E::i‘;’":‘“é"t‘ ,}‘\'\4](.“."';'(”'". Jr. GEORGIA
son; 'l'l‘](‘\'lsil‘_ll (,:nlif(m i Television Yankee Network N o OREISO?V a City: KY Radiophone Mla_n'm:' \\\l, "l‘\' _,\vl:}nm Je un;.xl_ o
Productions KPIX, JAssociated Broad- Worcester: Ncw  Eugland  Televislon: . WCON TV Constitation Publislitg
castels WILAG T : y PEP;rNtISaYnd: Ai.lm Broadvasting INDIANA
San Jose: 1M Radio & ‘lelevision; yal . LVANIA Indianapolis: WIBM TV WI° Y
Radio Diablo, Ine.: Video Broadeast”  MICHIGAN ) . Allentown: Lohteh Valley Toodooting | ndianapolis: Wi IV WIRM, T
in Detroit: Goodwill Station: Unlted De- Bethlehem : P’hilco Television Browdast- OMA,
SangLuis Obispo: Valley Electrle troit Theatres Corp. mg b A Ames: WOI-TYV Tova Stee College of
Santa Barbara: KL% Broadeusting; M. FILHI:A Advertisers I'ress: Booth Rudlo E‘astunlz‘ Easton Publishing I(EI‘J.\Tgl;l((:‘II(“Yure
R. Nacker Station arrisburg: WABX, Inc.: WIIP', lue. s
COLORADO MINNESOTA Philadelphia: Daily News Television; Louisville: WHAR-TV WILAR, Ine.
Deuver: Landon Television: KL% Broad- Minneapolis:  Beck  Studios — (Minn. Penna. Liroadeusting LOUISIANA
eaqil.)g ‘Cu ; Danijels ‘& Flsher Bdestg. WICN-TV) Independent Pittsburgh: Allegheny Broadeasting; New Orleans: W TV CTimes- Picayune
» se A2 : Merchants l'lllslnn';:l] Radio  Supply;  United Publishing  WDSU - TV, Siephens
COB"‘r‘P:iiec;Jlr(t:UI'mkee N St. Paul: WMIN Broudeasting }irmulrn;(ln;g; \\(‘('4\1-}. Iu\:\l I\l\‘c»llimz Broadeasting
i AT 2 1 ouse adio  Ntations; T ne.;
q adlo:id T MiSSOURI B M o ’ . -7 MASSACHUSETTS
Harafordt Coun, m‘fimmifmg{ Tyl Kansas  City: KCKN  Broadeasting Picio e Waltham: WRTB. R.yhe o Mir, €0
W R, (K.C.Kan): KCMO  Brosdensting: Reading: IFustern Radin Corp.: lavley  MINNESOTA
FLO;‘:L:"' pruLiies Sttt g F Midland Broadeasting: New England w“‘,’(‘;;“‘g‘a‘;::? Lonis G Bultimere: Wy Minneapolis: Northwest Broadeasting
Jacksonvilte:  Florida  Bioadcasting; Television); AN roadeasting oming Vatley Bloscasting MISSOUR!
“Jacksmvitle Itruu(lcn‘sllnu Cap. ' Clayton: Evangelical Lutheran Synod York: l.Ilvlm )le o 'L\'nq uehanng Kansas  City: WBDAI-TV  harsas Uity
MiamieLort Induftry 1816 ol Dreamb St. Joseph: Midland Broadcasting Tiroadeasting: Trian lé'l';hll-l-u(i '1.1" Star .
N ; g e sunes” St. Louis: Glohe-Demorrat; New Eng- 145 R: & wirlggtions
Broadeafiting.’’ Miaml, Broudcsting: land Television: Thomas Patrick. Inc.; ~RHODE ISLAND NEBV-V ,VOF:K WNBE Y Clak
Mixmi-Hollywood Televi ton Corp. A ARt R Lo 20 Providence: Cherry & Webh DLroadeast- inghamton: NBE TV Cluk Aesovi-
Miami Beach: \. Frank Katzentine St. Louts University; Star-Thmes ing v ates, e,
St. Petersburg: Xunshine Television NEBRASKA TENNESSEE Roehester: WIITM, Xicmberg Calun
Tampa: Tribune Co. 0"}‘?“3‘1] KEFAB  Broadeasting;  May Memphis: Bluft City Broadoasting NOP;TH CAROLINA
GEORGIA roadcasting Charlotte: \WDBT-TV, Jeflerson Stamdard
Atlanta: General Broadeasting: Georgia  NEW JERSEY TEAX,:aS.-mo; Amaiillo Television Broadeasting
School of Technology; Lurith Dickin- Atlantic City: Allantic City ‘Television; Austin: Mustin Television OHIO
son Rivers JIr. Atlantic  City  Waild:  Mid-Atlantie Corpus Christi: Corjus Christl TV Co. Cincinnati: WRRC-TY Cineinnatl
Columbus: Coluinbus Broadecasting Co. Broadeasting;  Neptune  Broadeasting Dallas: .\, tl. Belo Corp.: City of Dal- Times-Ntar  Co; WOEPD-TV  Sevipps-
ILLINOIS Trenton: ‘I'rent Broadeasiing las; Tesas Telesision; Variety Broad CI;\'/IL:;‘a.”.t(II ]‘\15“.“![ Empire Coil
Chicago: Columbia RBroadcasting; John- NEW YORK casting nAR A L, BT CHOT
son-Kennedy Radio torp.; Sun & Albany: lHudsen Valley Broadeasting; Houston: Tlarris County Bioades Cul‘lyfl_lbu WTVN DMictue Wases, Ine.;
Times Co.: Zenith Radic Corp.; War- Press Company, Inc.; Patteon Broad- Houston  Post: KTRI Broad r \ h.A =TV, tne, 3
ner Bros, Pictures casting Co.: Meredtth I'ubl. Ce.; Van Shamrock Droadeasting: Texas Broad- DM'O‘(‘- WIHIO-TV Miuwi Valley Broud-
Rock Island: R. 1. Broadeasting Co. Curler Broadeasting casters: ‘Texas Television casting
INDIANA Buftalo: Broudeastiug 1'cundation Ine.; San Antonio: Nan Antonio Televislon;  TEXAS o ,
Indianapolis:  Crosley  Broadeasting; Buftulo  Courler-Express:  New Kng- Southland Tndustries Dallas: KRID-TV KRLD Rudio Corn.;
Indiana Broudeasting Indianapolis land Television; WGR Broadeasting; Waco: W.uco Television Kl Lacy-1otter Television Broad
Broadeasting Niagara Talls  Gazette Publ. Co.  VIRGINIA casting
South Bend: Nouth Bend "Tribune (Niagara Nalls) Richmond: Larus & Brother, Ine.; lLee Houston: KLEE-TV W. Albert Lee
10OWA Rochester: WARC, Ine.© WHEC. Ine Breadeasting; Richimond Radio Corp. ) WASHINGTON
Davenport; Central Broundcasting Syracuse: Radio Projects Nouthern Broadcasters Seattle; KRRC-TV, I'. K. Lebernuan
SOURCES OF RADIO & TELEVISION INFORMATION—Technical... Merchandising. .. Industrial
B
-
|
I
s - »
- ~T

Only engineering publication devoted solely

Outstanding magazine of radio and televi-

Foremost technical journal of radio, tele-

vision and tele-communications. . . . Great- sion distribution. . . . 25-year leadership in to electronic and electrical methods in in-

est number of television and tele-communi- publication of material on merchandising dustry. . . . Serving design and operating

Authoritative engineers and production executives. . . .

cations editorial pages. and servicing of radio, records and phono-

treatment of current engineering trends, graphs, electrical appliances, ete. . . . First Receives 25,000 inquiries per year for new

problems and developments. . . . Largest in number of advertisers, in advertising products and methods to improve industrial

engineer-audience in design, manufacture, pages, in dollar volume. . . . Largest paid production. . . . Has five times as much in-

dustrial circulation as any other magazine in

the radio-electronic field (30,000 total).
NEW YORK 17, N. Y.

\World Radio Histo

circulation in radio-television trade. (28,000

—Member, Audit Bureau of Circulations).

480 Lexington Avenue

operation and maintenance of television

and tele-communications (15,332 total).

CALDWELL-CLEMENTS, INC.

IN TWO PARTS—PART TWO, MAY, 1948
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TELEVISION TIMETABLE for 1948

STATTONS ON TIIE AIR: Qur TV Station Time-
table for 1948, presented on the following pages. is the
first and only compilation of its kind ever prepared by
a national publication, showing by months TV stations
scheduled to go on the air commercially in 1948. Rep-
resenting a complete and exhaustive study of all tele-
vision licensees, STAs and CPs conducted by our
research department and cross-checked against gov-
ernment and other original sources of information,
the Timetable represents the most accurate informa-
tion of its kind available. Supplementing the exclusive
Timetable feature are other pertinent data regarding
personnel, channels, population, sets-in-areas, etc.

NTATUS OF TELEVISION STATIONS: A total of 93
commercial television stations have been authorized by
the Federal Communications Commission as of April 19,
1948. Of this number 26 will be on the air this month: 7
as lecnsees and 19 as STAs. Applicants total 205, con-
struction permittces total 67. Television stations arc
operating in 18 cities; authorized stations schedule
service to an additional 24 cities in 15 states in 1948.
By the end of this year, 42 cities in 28 states with a
TV population of 66.868,000 will receive commerecial
television from 65 stations.

TV RECEIVER PRODUCTION: With an estimated
310,000 TV receivers in use at the end of April, and
prediction that 600,000 additional sets will be produced
by the end of the year, 910.000 operating TV receivers
will be the minimum number of sets in use by year’s
end. Production estimates for coming years indicate
there will be 3 million TV receivers by 1950.

COAXIAL AND RELAY FACILITIES: Over 2,000 miles
of coaxial lines will connect Buffalo, Cleveland, Toledo,
Detroit, Chicago, Milwaukee and St. Louis by Fall of
this year. According to AT&T, these facilities will be
extended to hook-up with New York, Philadelphia,
Baltimore, Washington and Richmond by December
and a Pacific Coast hook-up will be effected in time
for the Jan. 1, 1949, Rose Bowl game for nation-wid~
television.

COAXIAL AND RELAY RATES: Tentative rates pro-
posed but still subject to revision for television coaxial
and relay services to telecasters are in the neighbor-
hood of $35 a month per airline mile for 8 consecutive
hours daily, $2 a month per mile for each additional
hour. Terminal equipment will be approximately $500
a month for each station for connecting television net-
works and $200 per month plus $10 per hour of use
for occasional service. Rates now in effect for sound
broadcasting will apply for the separate seund channel
needed to complete television programming.

TRAINED SERVICEMEN: The “education” of televi-
sion servicemen by the sales and distribution depart-
ments of the most prominent manufacturers of this
equipment, has been largely along the line of instruc-
tion in installation. Putting in a new factory-tested set.
however. is a far cry from actually servicing such a set
after the “guarantee period” is over. Competent serv-
icemen will be able to name their own wages in a
short time hence.

TV ANTENNAS: Channel 13 now being utilized in
some zones will be an unlucky station for many set
owners by showing up the ineffectiveness of many of
the patented antenna freaks that have been sold to
the public. We have seen some excellent examples of
wideband jobs, but many of the presently installed
dipoles now serving admirably on the lower channels
will have but little pickup in some of the upper bands.

OUTLOOK FOR COLOR: While electronic color in
television is no further along (as far as the layman is
concerned) than it was a year ago, there has been
some clarification of the problem in the matter of
flicker, color breakup, etc. Lack of sufficient data on
these subjects prevented the establishment of ac-
ceptable standards when the matter was temporarily
tabled two years ago. Research on possible methods is
still progressing in the laboratories.

TV RECEIVER PRICE TRENDS: Average retail price
of receivers in volume production during 1947 was
approximately $400. This figure is expected to drop to
$300 for 1948 and to $200 in 1949 with a considerable
volume of sales in the $150-$175 price class. Newest
of the low-priced sets will be on the market shortly at
$149.95 and a $99 receiver has been promised by one
manufacturer for this spring.

TELEVISION MANUFACTURERS: More than 100
manufacturers have indicated they will be in the busi-
ness of making television receivers by the end of 1948.
To date, about 65 firms are oflering approximately 134
models, including kits. Some makers are featuring
only one model; others have as many as eight. The
price range is wide. running from about $150 to more
than $2500.

COMPILATION of the television industry facts here-
with has been made under the direction of Stanley
Gerstin assistant publisher of Tele-Tech. aided by
B. V. Spinetta. head of research for the Caldwell-
Clements. Inc., publishers of Tele-Tech, Radio &
Television Retailing and Electronic Industries & In-
strumentation.
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NBC lelevision Network -,

NORTH DakOTA MINNESOTA

WISCONS!
SOUTH DAKOTA

)

NEBRASKA

‘UTAH

COLORADO

MISSOURI

1
KANSAS [

k'

NEW mExico
OKLAHOMA

ARKANSAS

LOUISIANA
STATION STATUS

o Operating
O Under construction (on the air 1948)
® Under construction

O Application pending

COAXIAL CABLE STATUS
Operating
oum =we oom e =m == Jnder construction

0000000000000 Plonned

RADIO RELAY STATUS

T=L~=I~=&~ Operating
~— =3~ &~ Wi~ Under construction

i Plomes NATIONAL BROADC.
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Stations on the air in 1948
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“This ts NBC Television™
Those magic words of the new television era sound
out a dozen times a day for almost two million video
viewers over 200,000 sets in the area now covered
by NBC’s.Eastern Television Network. And hun-
dreds of thousands of other viewers enjoy NBC pro-
grams over stalions not yet connected with the
Network—stations that show NBC programs by rap-
id-service film.

1948 will see thirtv-two NBC-afhiliated video stations
on the air. Fourteen are telecasting now, and of those
fourteen, five are joined in a network—America’s
first and largest network in television.

By the end of 1948, NBC’s Midwestern Television
Network will not only be in operation, but will be
hooked up with the East. Result: America’s Ne. 1
Television from the greal entertainment centers of
the East and Midwest—New York and Chicago—will
entertain and thrill multiple millions of viewers,
from the North to Dixie, fromn the Atlantic to the
Mississippi and beyond. And in the meantime, NBC
is building its own station in Los Angeles as the
anchor point for a third television network on the
Pacific Coast. By 1950 NBC Television will be

coast-to-coast.

Close to three times as many manufacturers as there
were eight months ago are in production now—and
still the public demand for sets exceeds supply. The
picture looks hright for bigger set sales, a rapidly
expanding audience, more and better television pro-
grams. Today, over 36.000 sets are heing produced
per month. Close to a million receivers will be in-
stalled by the end of this year — with some five
viewers per sel in homes, upwards of twenty in pub-
lic places. And the great bulk of viewers wil! be
reached by the combined Eastern and Midwestern
Television Networks of NBC.

% For the finest programs in television . . .

% For the largest operating network in television.
% For the biggest audience in television . . .

% For the greatest continuous expansion in the
field of video . ..

This . .. is NBC Television

ASTING COMPANY, NEW YORK

1 NETWORK...FIRST IN SIGHT AND SOUND

AMERICA’S No.

World Radio Histo



CALL
STATE and CITY LETTERS

CORPORATE
NAME

GENERAL
MANAGER

CHIEF
ENGINEER

ALABAMA
Birmingham WBRC-TV

CALIFORNIA
Hollywood KTLA
Los Angeles KECA-TY
Los Angeles KFI-TY
Los Angeles KNBH
Riverside KARO
San Francisco  KGO-TV
San Francisco  KRON-TV

CONNECTICUT
New Haven WNHC-TV

DELAWARE
Wilmington WDEL-TV

DIST. OF COL.
Washington WMAL-TY
Washington WNBW
Washington wolc
Washington WTTG

GEORGIA
Atlanta WAGA-TY

ILLINOIS
Chicago WBKB
Chicago WENR-TV
Chicago WGN-TV
Chicago WNBQ
INDIANA
Bloomington WTTY
Indianapolis WWHB
IOWA
Ames WOL-TY

KENTUCKY
Louisville

LOUISIANA
New Orleans WRTV

MARYLAND
Baitimore

WAVE-TV

WAAM-TY
Baltimore WBAL-TV
Baltimore WMAR-TV

MASSACHUSETTS
Boston WBZ-TV
Boston WNAC-TV

MICHIGAN
Detroit WXYZ-TV
Detroit WTVO
Detroit WWIJ.TV

MINNESCTA
Minneapolis WTCN-TV
St. Paul KSTP-TV

MISSOURI
St. Louis KSD-TV

NEBRASKA
Omaha WOW-TV

NEW JERSEY
Newark WATV

NEW MEXICO
Albuguerque KOB-TV

NEW YORK

Buffalo WBEN-TV
New York WABD
New York WCBS-TV
New York WIZ-TV
New York WNBT
New York WOR-TV
New York WPIX
Schenectady WRGB

OHIO
Cincinnati WLWT
Cleveland WEWS
Cleveland WNBK
Columbus WLWC
Dayton WLWD
Toledo WTVT

PENNSYLVANIA

Erie WDTE
Johnstown WJAC-TV
Lancaster WGAL-TY
Philadelphia WCAU-TV
Philadelphia WFIL-TV
Philadelphia WPTZ
Pittsburgh wDTV

RHODE [ISLAND
Providence WJAR-TV

TENNESSEE
Memphis WMCT

TEXAS
Fort Worth

UTAH
Salt Lake City ~ KDYL-TV

VIRGINIA
Richmond WTVR

WISCONSIN
Milwaukee WTMJ)

WBAP-TY

Birmingham B stg.

Television Prod.
American B stg.
Earle E. Antony
National B stg.
B stg. Corp. of Am.
American B stg.
Chronicle Publ. Inc.

Elm City B stg.
WDEL, Inc.

Evening Star
Nat'l B stg.
Bamberger B stg.
Allen B. Dumont

Liberty B sig.

Baiaban & Katz
American B stg.
Chicago Tribune
Nat'l B stg.

Sarkes Tarzian
Wm. H. Block Co.

lowa State College
WAVE, Inc.
Maison Blanche

Radio Telev. of Baiti.
Hearst Radio
A. S. Abell Co.

Westinghouse Radio
Yankee Network

King Trendle B stg.
Fort Industry
Evening News Ass'n

Minn_ B stg.
KSTP, Inc.

Pulitzer Publ.
WOW, Inc.
Bremer B stg.
Albuquerque B stg.

Buffalo Evening News
Allen B. DuMont
Columbia B, stg.
American B stg.
Nal'l B stg.
Bamberger B stg.
News Syndicate
General Electric

Crosley B stg.
Scripps-Howard
Nat'l B stg.
Crosley B/stg.
Crosley B stg.
Fort Industry

Dispatch, Inc.
Johnstown Tribune
WGAL, Inc.
WCAU, Inc.
Triangle Publ.
Philco Telev. B stg.
Alien B. Dumont

Outlet Corp.
Memphis Publ.
Carter Publ. Corp.
Intermountain B, stg.
Havens & Martin

The Journal Co.

Eloise S. Hanna

Klaus Lansherg
Clyde Scott

W. B. Ryan
S.N. Strotz

W. L. Gleeson
G. V. Grubb
Charles Thieriot

J. T. Milne
). G. Walsh

K. H. Berkeley
F. M. Russell
T.C. Streibert
Walter Compton

J. E. Bailey

Capt. W. C. Eddy
E. R. Borroff

F. P. Schrieber
I. E. Showerman

D. S. Phares
M. Lindley

R. B. Hull
Nathan Lord
H. Wheelahan

Norman Kal
H. C. Burke
E. K. Jett

W. C. Swartley
Linus Travers

J. G. Riddel!
R. G. Elvin
H. Bannister

F. VanKonynenberg
S. E. Hubbard

G. M. Burbach
J. ). Gillin, Jr.
1. R. Rosenhaus
Roger Baker

C. R. Thompson
L. Phillips

L. W. Lowman
M. B. Grabhorn
Carleton Smith
T. C. Streibert
Robert L. Coe
G. E. Markham

H. W. Slavick
G. Granston
S. 8. Fox

W. B. Havens

W.J). Damm

G. P. Hamann

R. M. Moore
T. B. Palmer
H. Blatteeman
H.J. Buck
Stan Reynolds
A.E. Evans
R. A, Isherg

V. DeLaurentis
J. E. Mathiot

Frank Harvey
Donald Cooper
J. R. Poppele
M. M. Burleson

P.B. Cram
H. Brolly

C. Horstman
J. Meyers
C. Luttgens

A
E.
C.
H.

t
t

Louis Lewis
Wilbur Hudson

t

Jack Braun
Geo. Jacobs
C. G. Nopper

W. H. Hauser
1. B. Rohinson

C. F. Kocher
Paul Frincke
E.J. Love

J. M. Sherman
J. N. Fricker

J. E. Risk
J. Herold
F. V. Bremer

G. S. Johnson

R. J. Kingsley
S. Patremio
P. Wittlig

G. 0. Milne
0. B. Hanson
J. R. Poppele
T. E. Howard
W. J. Purcell

J. Rockwell
B. Epperson
t
t

R.
J.

t
Wm. Stringfellow

E.C. Frase

R. C. Stinson
J. M. Baldwine
W. H. Wood

Phil Laeser

F

—_
B WD B wd R LN e

ICHANNEL No.

DATE ON AIR BY MONTHS

ESTIMATED SETS
NOW IN AREA:
POPULATION

50-MILE RADIUS

(Thousands)

16,700
16,700
17,000
17,000

150

146,500

World Radio History
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TELEVISION e TELECOMMUNICATIONS ® RADIO

Formerly the TELE-communications TECH-nical Section of ELECTRONIC INDUSTRIES

Contents

al

Editor

-

MAY. 1948

PART ONE:

HOW MUCH PAY IS AN ENGINEER WORTH? ... ... ... ... .. .. .. Dr. Harold B. Richmond 22
Analysis of pay scales in the engnieering profession pre-
sented by leading radio laboratory equipment manufacturer

SERIES MODE CRYSTAL CIRCUITS ... ........ .. Harold Goldberg and Ednard L. Crosby, Jr. 24
Quartz crystal oscillators produce oscillations at 118 mc;
by using one twin triode, circuit can operate at 250 mc

ENGINEERS REVEAL NEW DEVELOPMENTS AT IRE ... ... ... 00 28
New tubes, circuits, radar, computer, amplifier system are
some of the disclosures made at the recent IRE meeting

NEW TELECOMMUNICATIONS EQUIPMENT ON PARADE ... .. ... . 30
New component parts, test and broadcast equipment dis-
played at IRE show, some for the first time, are reviewed

AMPLIFIER LOAD IMPEDANCE REDUCTION . ..., ... . ... .. ... .. ... B. M. Hadfield 33
A load resistance range of 10:1 is possible with a change
of output watts of only 1.3:1 — Design equations derived

CAUSE AND CURE OF SPURIOUS TV RECEIVER OSCILLATIONS ... ... .. R. T. Cavanaugh 36
RF bursts of hf oscillations cause interference in sets
using single pentode horizontal deflection amplifier tubes

TEST CHARACTERISTICS OF RECORDING WIRE ... ... Guail §. Carter and Richard Koontz 38
Review of wire characteristics, test methods, performance
reveals some of the problems in design of recording wire

IMPEDANCE MATCHING HALF-WAVE TRANSFORMER. .. .., H. E. Dinger and H. G. Paine 41
Composed of coaxial cable and several N connectors. trans-
former provides fairly accurate coverage from 100-400 mc

PNEUMATIC HEAT DETECTOR ............... .. .. ... .. Harold Zahl and M. J. E. Golay 44
Signal Corps engineers have improved pneumatic heat
detector for use in radar; cell has industrial applications

WASHINGTON NEWS LETTER ... ...... ... . 48

DEPARTMENTS:
New Products ... ... 50, 52
News of the Industry ., ., 54, 56
Personnel .. oo ... 62, 64
New Bulletine 00000000 73

PART TWO:

TELEVISION TIMETABLE — STATIONS ON THE AIR IN 1948 .. . ... . . .. Insert

A special section containing a chart of TV stations going
on the air in 1948 by months; list of applications and CPs

COVER: Garo Ray, vice-president of WNHC-TV. New Haven, Conn., is being shown the finer points of

DuMont’s television monitoring panel during the March IRE Show in New York by Harold
Taylor, Sales Manager, Transmitter Equipment Sales. WNHC-TV, a DuMont affiliate, goes
the air commercially this month.
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100 feet of film is a lot of film to handle. ..
yet it’s done conveniently with

DU MONT OSCILLOGRAPH-RECORD EQUIPMENT

e TS TS

3L

_'.’ ‘Film rolled on spools is easily inserted and re- ™\
; moved when making oscillograms with Type 314
Oscillograph-record Camera. Up to 100 feet of
35mm. f{ilm is readily accommodated by this
camera designed for both single-frame and con-
tinuous-motion recording of oscillograph patterns.

CAT. NO. 1217-E (f/2.8 coated lens) .......$ 980.00
CAT. NO. 1366-E (f/1.5 coated lens) ... $1,155.00 /'

T T o ———

A

' And aiter exposing the film, the Type 2512 I ™M
Motor-driven Processing Unit is available for \
developing the entire 100-foot roll with min- \
imum of bother and without danger of
scratching the emulsion. Merely insert film

in processing unit and start the motor. Pro-

vision is made in this unit for adding and
pouring off processing solutions.

CAT. NO. 1372 (115 volts 50-60 cps) $231.00 /

' For utmost convenience in drying processed
film, the Type 2514 Portable Drying Rack accom-
modates up to 200 feet of film at one time, auto-
matically unwinding and rewinding the film dur-
ing the drying process. For maximum convenience,
the unit is folded when not in use. A carrying case
is provided.

CAT. NO. 1375 (115 volts 50-60 cps) _...... $2

' DU MONT CATALOG SENT ON REQUEST

© ALLEN B, DU MONT LABORATORIES, INC.

ASSAIC, NEW JERSEY * CABLE AD
= g N
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YOU WILL BE MORE CERTAIN to get the best receptions
from your television or FM set when you specify ATV*
lead-in lines.

The effects of attenuation and impedance mismatch
on FM and Television reception are minimized by
Anaconda Type ATV lead-in lines.

The satin-smooth polyethylene insulation of Type
ATYV line sheds water readily, thus avoiding subsequent
impedance discontinuities. This material also has excep-
ticnally high resistance to corrosion. Count on Anaconda
to solve your high-frequency transmission problems—
with anything from a new-type lead-in line to the latest

development in coaxial cables. 1844
*An Anaconda Trade-Mark

vy Aracord

TELE-TECH +¢ May, 1948

A TYPE ATV LEAD-IN FOR EVERY NEED

Anaconda offers a complete selection of Type
ATV lead-in lines for 75, 150 and 300 ohms
impedance unshielded and shielded lines of
high impedance. For an electrical and physical
characteristics bulletin, write to Anaconda Wire
and Cable Company, 25 Broadway, New York
4, New York.

World Radio Histor




PROMPT DELIVERY

@D—’l TELEVISION HI-VOLTAGE
POWER SUPPLY

Super Electric precision compo-
nents for the electronic industry give
you the very best in design and crafts-
manship techniques. Super’s sixteen
years of precision manufacturing as-
sure you of strength, durability and
top-notch performance.

We welcome the opportunity to
show you the gains from using Super-

3. Model SP-90 supplies 8 watts

Power supply coil is furnished
in oluminum case

The illustrated television hi-voltage power
supply is intended to provide D. C. voltage
vp to 10,000 volts at a current drain not
to exceed 1 milliampere.

2. Model SP-70 supplies 5 watts at 7000 volts

D.C. Power input required: 300 volts D.C.
at 60 milliomperes and 6.3 volts ot .45
amperes.

ot 9000
volts D.C. Power input required: 360 volts
D.C. ot 85 milliomperes ond 6.3 volts at
.9 amperes.

4. These units are of the r. f. type and elimi-

nate the hozards inherent in other types

EERTEGH
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PrecisioN COMPONENTS

York 17, N. Y. M. Clements, President;
Orestes H. Caldwell, Treasurer. Subscription
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U.S.A. *Reg. U.S. Pat. Off.
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“ﬂm ?' ~ detector employs
LIV NICHROME V" exclusively

THE Mass Spectrometer, which has played vital roles in the discovery of

U-235 and its subsequent applications in fields of atomic energy and cancer
research, is one of the most important measuring instruments of the modern
age. Its ability to crack molecules and then sort them according to mass makes
it unique for analytical purposes.

Materials entering into its construction must be superlatively stable, assuring
the highest degree of accuracy at all times, and retain their characteristics
unfailingly throughout a long life of trouble-free service.

Specifications for the metai used in the Ionization Source and Collector System
typify the super-critical requirements that have to be met. The metal must be:
(a) non-magnetic (i.e. remain unmagnetized in the presence of the
powerful magnet used in the Mass Spectrometer);
(b) able to withstand temperatures of approximately 665°F. in a
vacuum of 10-7 mm. mercury without deformation or evaporation;
(c) non-porous, and non-absorbent of gases;
(d) easily machined, drilled, tapped, threaded, and spot welded;
(e) available in wire, sheet and rod forms.
“Of all available metals” states Process & Instruments Inc., of Brooklyn, N. Y.,
makers of Mass Spectrometers, “Nichrome V most satisfactorily meets all these
requirements and hence, with the exception of the tungsten filament, is ex-
clusively used by us in the construction of the Mass Spectrometer. In addition,

a Nichrome heating element is used for outgassing the Spectrometer Tube of
absorbed moisture”.

v

2% If you have particularly exacting specifications to meet, consult with us. There

Mass Spectromet—ModeI M60 are more than 80 Driver-Harris alloys specifically designed to fll the require-
(Process & Instruments, ments of the Electrical and Electronic Industries. The fruits of our 48 years
Brookl'n, N. Y.) of specialized research experience are at your service.

Exclusive Manufacturers of Nichrome

Driver-Harris COm[mny

HARRISON, NEW JERSEY

BRANCHES: Chicago, Detrait, Clevelond, los Angeles, San Francisca, Seattle
Manufactured ond sald in Canado by
The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canado

World Radio Histol *T.M. Reg. U. S. Pat. Of.



TIME-SAVERS ON THE ASSEMBLY LINE

ForR MANY A MANURACTURER. parts and sub-
assemblics of Favlor Laminated Plastics save
time on the production line .. . hecause they
can be fabricated with such precizion that
mspection s speeded. rejeets reduced, and
assembly aceelerated,

Are vouinterested in making vour own parts
of Phenol Fibre. Vuleanized Fibre, or speeial
laminates? Tavlor can supply vou with sheets,
rods. or tubes . . . and with helplul assistance
in fabrication.

Are vou seeking a dependable souree of
supply for parts fabricated 1o vour speeifi-
cations? Tavlor’s Fabricating Service is ready
to solve your problem, with on-schedule de-

liveries of precision-made parts possessing the
exact physical and clectrical characteristics
you require.

It will pav vou to find out. now. what Taylor
can do for vou. Please make your inquiry as
specifie as vou can . . . including. if possible,
a sketeh or blueprint. Our engineers will give
it their immediate attention.

Samples illustrated, from top to bottom:
Terminal plate, punched from Phenol Fibre sheet,
Pulley, machined from Vulcanized Fibre sheet,
Switch back plate. Phenol Fibre.

Endlaminationforsmallmotors. Vulcanized Fibre.

TAYLOR FIBRE COMPANY

LAMINATED PLASTICS: PHENOL FIBRE e VULCANIZED FIBRE e Sheets, Rods, Tubes, and Fabricated Parts

NORRISTOWN, PENNA. o Offices in Principal Cities . Pacific Coast Plant: LA VERNE, CAL.

TELE-TECH -+ May, 1948
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REVERE FREE-CUTTING COPPER ROD
.. . INCREASES ELECTRONIC PRODUC

.

INCE its recent introduction, Revere Free-

Cutting Copper has decisively proved
its great value for the precision manufacture
of copper parts. Uses include certain tube
elements requiring both great dimensional
precision, and exceptional finish. It is also
being used for switch gear, high-capacity
plug connectors and in similar applications
requiring copper to be machined with great
accuracy and smoothness. This copper may
alsu be cold-upset to a considerable defor-
mation, and may be hot forged.

Revere Free-Cutting Copper is oxygen-
free, high conductivity, and contains a small
amount of tellurium, which, plus special
processing in the Revere mills, greatly in-
creases machining speeds, makes possible

May, 1948

ION

closer tolerances and much smoother finish.
Thus production is increased, costs are cut,
rejects lessened. The material’s one impor-
tant limitation is that it does not make a
vacuum-tight seal with glass. In all other
electronic applications this special-quality
martcrial offers great advantages. Write
Revere for details.

REVERE

COPPER AND BRASS INCORPORATED
Founded by Panl Revere in 1801

230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, 1il.: Detroit, Mich.; New
Bedford, Mass.; Rome, N, Y.—Sales Offices in Principal Cities,
Distributors Eversubere

CUSTOMERS REPORT:

“This material scems to machine much better than our pre-
vious hard copper bar: it cuts oft smoothly. takes a very
nice thread, and does not clog the die.” (Electrical parts.)

“Increased feed from 1- 1/2” to 6 per minute and do
five at one time instead of two.” (Switch parts.)

“Spindle speed mcrcau.d from 924 10 1161 RPM and
feed from .0065” to .0105"” per spindle revolution. This
resulted in a decrease in the time required 1o produce the
part from 0063 hours 1o .0036 hours. Matciial v as capable
of faster machine speeds but machine was wrning over at
its maximum. Chips cleared tools freely. operator did not
have to remove by hand.”” (Disconnect studs.)
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RCA has everything you need

to get started NOW!

Overwhelming acceptance of RCA equipment marks
the swift progress of television from coast to coast.

Already a substantial percentage of broadcasters and
newspapers have ordered RCA transmitters. Most of
these stations are being completely RCA equipped,
from super-sensitive cameras to high-gain antennas.

Many of these telecasters are already on the air with
regular programs—or on an experimental basis. Other
stations are receiving shipments of RCA equipment
that will put them on the air very soon. And by the
end of 1948, high-definition RCA television should be
within the reach of 49,000,000 people.

Why is RCA television so far in the lead? Here are
a few of the reasons: (1) Everything needed to get
on the air is in quantity production at RCA now;
(2) All equipments embody the very latest technical
advances in the art; (3) Designs are flexible . . . add-
a-unit” construction makes them equally applicable
to the very small or the very large station ; (4) Facilities
can be gradually and economically expanded as tele-
vision audiences grow . .. without obsolescence of
original equipment; (5) Equipment is easy to operate
and reliable. *

As you know, television is moving fast. What are
your plans? Will you be the first to bring this new
public service to your community . . . utilize its tremen-
dous audience impact for newscasting, advertising, and
circulation building? We’ll be glad to help you get
started with complete planning information and cost
data. Write Dept. 87-E.

BROADCAST EQUIPMENT

ORPORATION of AMERICA

PRODUCTS DEPARTMENT. CAMDEN,N.J.

OR Company Limited, Montreal



TYPE C—Onulv 152" in diamn-
eter. Full tico watts normal
rating (entire element)
Jor continuous operation.

TYPE M — Normal rating
of L walts. Diameter 138",
Insulated  for 1,000 volt
DC. breakdown to ground.

nh J)
)

TYPE E— Dissipales 7 woatts.
Diameter 2%s*. Supplied
with gmum[('(l conlact arm,

. « « they have everything you want
in a wire-wound control !

Size is always an important matter when you’re designing products like radio and
television receivers, testing equipment, light dimming devices and miniature motor
controls. That’s why Mallory makes its wire-wound variable resistors good and
small—the type C control being the smallest two-watt control of its kind avail-
able l()(]u)'.

On the plus side, too, is the fact that all Mallory wire-wound controls are designed
for maximum heat dissipation. In addition, the M and E types arc metal-enclosed
to provide clectrostatic shiclding . . . all types are tapered with extreme aceuracy
(lincar taper tolerance is within 3%) . .. precision-wound to give extremely long,
noise-free service. A special feature of the M and C type controls is a spring clamp
which maintains positive pressure between silver-plated  terminals and  silver
clement terminations, insuring extremely low terminal resistance.

The M type Variable Resistor is also available in a complete line of Mallory T and L
Pad Attenuators, designed to provide impedance matching in audio circuits or re-
sistive networks to sccure maximum power transfer and minimum distortion.

It’s a story on a par with that of so many other precision eleetronie products—

YOU EXPECT MORE AND GET MORE FROM MALLORY

MALLO RY RESISTORS

(FIXED AND VARIABLE)

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

TELE-TECH ¢ May, 1948



ASTAD( BRINGS YOU

TRULY RE\KOLUTION

Here ane the
3 OUTSTANDING
32 FEATURES

1. No "Air Gaps.”

A4 2. Necessity for delicate handling
R eliminated.

:, 3. No troublesome, costly armature
: 5 balancing problems.

X 4. Longer-lived, troublefree perform-
Bt ance without distortion or

changes in characteristics.

) 5. Transcription quality reproduc-

et | tion.

6. Velocity response flat to 12,000
cycles.

7. Qutput is 100 millivolts. This is
approximately 20 db. greater
than most previously avail-
able, light- weight magnetic
pickups.

. Needle pressure, 1 oz.

9. Impedance, 7,500 ohms at 1,000
c.p.s.—110,000 ohms at 10,000
c.p.s.

10. Interchangeability: Physical di-
mensions of this cartridge are

1oy

o

% TS RN
PE IS SRS R e

£ A
2

\%

' such that it can be employed
Ry with a majority of present day
Jié'\' standard pickup and transcrip-
4 tion arms.

VF v

R 7o sHvadlabile

Manufactured under Massa Laboratories License

Copyright THE 4 ASTATIC CORP. ms

pum.
H ({11} iy J I\
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‘1728 MODEL MI-1, Code ASAKA MODEL MI-2, Code: ASALZ

,;2;1 *Provides increased shielding effect for maximum reduction of hum
&

IR

.1752
PI c K U Yes, this is it! An entirely new
concept in record-reproduction

engineering. A radically new pickup cartridge that
opens broad new vistas of listening pleasure . . .
offers unchanging faithfulness and quality of repro-
duction that is stable and trouble-free.

The Astatic Magneto-Induction Pickup represents
the first clean break with traditional principles,
employed in the manufacture of magnetic type
reproducers, since the introduction of such devices
in early phonographs. Discarded now by this
amazing development is the need for delicately
spaced “air gaps,” which collect lint and dust, and
thereby become a prime source of trouble in other
type magnetic pickups. Their elimination in the
Magneto-Induction cartridge is all the more revolu-
tionary . . . a newly opened door to greater record
enjoyment . . . to a peak fidelity of reproduction
that LASTS, even under the most consistent service
or adverse climatic conditions.

\ Stondard Housing Mumetal Housing*

Two Equalizer-Amplifier models available:

Model EA-1. compact unit designed for installation in radio sets
and audio amplifiers having insufficient gain for operation of
Astatic Magneto-Induction Pickup Cartridges. Provides “bass
boost.”

Model EA-2, self-powered, provides adjustable “bass boost,’”
adjustable treble “roll-off,” and selection of “'turnover frequency.”

CONNEAUT, OHIO

IN CANADA CANADIAN ASTATIC (1D TOONTO, ONTAZO

.4 . .. e

'World Radio Histol



BENDIX-SCINTILLA

the finest ELECTRICAL CONNECTORS
money can build or buy!

AND THE SECRET IS SC| N FLEX!

Bendix-Scintilla* Electrical Connectors are precision-bgilt to
render peak efficiency day-in and day-out even under difficult
operating conditions. The use of “'Scinflex” dielectric material,
a new Bendix-Scintilla development of outstanding stability,
makes them vibration-proof, moisture-proof, pressure-tight,
and increases flashover and creepage distances. In temperature
extremes, from —67° F. to +300° F., performance is remarl_(-
able. Dielectric strength is never less than 300 volts per mil.

The contacts, made of the finest materials, carry maximum
currents with the lowest voltage drop known to the industry.
Bendix-Scintilla Connectors have fewer parts than any other
connector on the market—an exclusive feature that means

lower maintenance cost and better performance.
*¥REG. U.S. PAT. OFF.

Write our Sales Department for detailed information.

o Moisture-proof, Pressure-tight e Radio Quiet e Single-piece Inserts
e Vibration-proof e Light Weight ¢ High Arc Resistance e
Easy Assembly and Disassembly e Less parts than any other Connector

Available in all Standard A.N. Contact Configurations

BENDIX

SCINTILLA

12

TELE-TIPS

The record for speed in processing
film for television belongs to Du-
Mont Labs. if the reports we hear
are correct — that the company has
developed a method for recording a
televised program on film after
which it is developed, reversed and
delivered ready for projection in 20
(yes, twenty) seconds!

- TT—

Not only has Stewart-Warner
promised to increase its TV receiver
production ten-fold by mid-summer,
but the company claims it will re-
veal a new line of television sets
with “unique features and innova-
tions” not currently available any-
where.

— TT——

The replacement package idea is
not new -— it happened before, not-
ably in the automotive industry and
most recently in AM radio. Then
why not a replacement package for
television receiver maintenance? We
predict that a manufacturer will
soon come up with a practical re-
placement package for TV receiver
maintenance.

—TT—

One manufacturer we know of is
“aging” projection TV tubes in
underground storage for 30 days be-
fore shipping. During this “cooling
oft” period, internal strains in the
glass reveal themselves, and future
breakdowns are minimized.

— TT—

Taxicab television is here — al-
most! We know of a venturesome
engineer who hooked up a table
model TV receiver in a taxicab with
the antenna out the window. He
reported that picture reception was
fine. (And then there’s Dr. T. T.
Goldsmith’s famous jalopy with TV
in the back seat which has been the
vehicle of many hair-raising rides
as Dr. Goldsmith simultaneously
twirled steering wheel and tuning
controls, artfully avoiding both
roadside trees and TV ghosts.)

— TT—

That $99 television receiver with
7-in. tube is here again—or is it.
Walter Spiegel, Regal Electronics
Corp., N. Y., tells us that it will be
shown at the Chicago Parts Show
opening May 11. In the meantime
we can’t tell you what we know.

—S.G.

TELE-TECH < April, 1948
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Gives you BETTER PRODUCT DESIGN
Electrically, Mechanically, and Thermally

¥ Wherever your product calls for conversion of Whatever your power conversion requirements,

A-C to D-C, Federal Selenium Rectifiers can from milliwatts to kilowatts, there’s a Federal
simplify your design problems three ways: Selenium Rectifier that will fit into your plans.
Electrically—because of their inherent high cfii- And every Federal Selenium Rectifier is backed
ciency and lasting characteristics. No power-con- by the research, engineering and production
suming filaments—less wattage loss—and no time skill of America’s oldest and largest manufac-
lag. D-C output is delivered instantly on application turer of selenium rectifiers. Write Federal today
of A-C potential. for information on your rectifier requirements.
Mechanically—because of their unusually rugged Dept. F866.

construction. Designed to withstand shocks and vi-
bration. No fragile internal elements—no moving
parts to wear out. Available in a wide range of
space-saving, weight-saving designs.

Thermally--—becuuse they run covler. without hot
filaments or magnetic core losses. Construction per-
mits highly efficient convection or forced air cooling
where desired.

Federal Telephone and Kadio (orporation

SELENIUM ond INTELIN DIVISION, 900 Passaic Ave., East Newark, New Jersey

KEEPI':\G FEDERAL YEARS AMEAD...is IT&T's world-wide
research and engineering organization, of which the Federal .
Telecommunication Laboratories, Nutley, N. J.. is o unif. In Canada:—Federal Electric Manufacturing Company, Lid., Montreal, P. Q.

Export Distributors : —Internotional Standard Electric Corp. 67 Broad St., N. Y,

TELE-TECH ¢ May. 1948 13
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These capacitors are identical, elec-
trically. The different case styles
were, most of them, developed for
specific applications. However, since
the capacitors are electrically the
same, it is perfectly practical to use
them interchangeably
ballast capacitor on a motor, or a

to use a

motor capacitor with a sign trans-
former.

We have made just such proposals
at times—and have frequently been

able to help manufacturers solve an
unusual mounting or space problem,

and cut their capacitor costs by rec-
ommending a unit not normally
thought of for the application.

The capacitor that you should use
of course depends on your own prob-
lem. For assistance in any specific
case, get in touch with the nearest
G-E Apparatus Office, or write
General Electric Company, Pitts-
field, Massachuselts.

GENERAL ¢ ELECTRIC

AN7-151

F
I Industrial control Flash photography
i Radio Filters Siroboscopic
; Radar equipment
i FOR Electronic equipment Television
Motors Communication Dust precipitators
Luminous-tube systems ~ Radio interference
lnl\lfo:m . Capacitor discharge suppression
welding “ Impulse generators

I

i

I .

Fluorescent lomp .

EM ~ ballasts ~ AND MANY OTHER APPLICATIONS A
4
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A D c Fill Super Specifications

| R A N S FO R M = R S From Subsonic to Ultrasonic

For Ultrasonic Ranges

Whenever your equipment requires the unusual in
transformers, ADC has the ingenuity, skill and capa-
city to produce them. If your problem requires. ..

® reliable performance ® hermetic sealing (for
® extreme compactiness severe service conditions—

This Apc Transformer is ® unusual frequency ranges  commercial or Army-Navy)

custom-built to couple the ‘
output of an amplifier (30 ' ...it will pay you to submit your specifications to
watts) 10 a transducer. Im- | ~  ADC for reasonable prices, quality products and
pedance Ratio is 2500 ohms | : prompt delivery.

(4-2A3) to 500/700 1000
1500/2000 ohms. Trans-
formers have been designed
at ADC to operate up to 3 m¢
with useful band width in
excess of 1:1000.

For Audible Ranges

All ADC transformers have
built-in reliability . . . a fea-
ture especially necessary for
radio broadcasting, commu-
nications, wire recording,
telemetering equipment, etc.
A slightly higher original
cost is more than offset by
the dependability and quality
of ADC design and manu-
facture.

This transformer has no unusual electrical properties, but it
was designed for exfreme dependability. It is an output from
pp 6V6 to line, for voice range only (1 db— 150 fo 4000
cps). It was ordered from ADC simply because the equipment
manvufacturer required unfailing performance.

For Subsonic Ranges
(such as geo-physical work)

«.. This ttansformer operates
from pp plates (20,000
ohms) to pp grids (320,
000 ohms) down to 2 ¢ps.
Secondary inductance is
over 60,000 henries. Italso
has tertiary low impedance
winding. Hermetically
scialed -~ 10 cubic inches.

ADC has designed and .
made many low frequency s ~ 8]
transformers—some to | 0{"3'. \

HERE are several charts showing characteristics
of vnusual transformers developed by ADC
! " engineers. Many transformers have a wide range o

operate from frequencies X of requirements shown in the ADC Transformer P
as low as 0.1 ¢ps. Catalog. If you do not have your copy— WRITE /
TODAY FOR CATALOG NUMBER 46-r. y / /
y ;
/

Send us your special specifications for

prompt and able transformer service. §
&

—
x
w
=
Q
Q
—
-
>
-

-

2839-13th Avenue So.; Minneapelis, Minn.
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uvity in radio and television servicing.

20,000 Ohms per Volt D.C., 1,000 Ohms per Amperes, D.C.: 10

AIgptore BHels

built for the future

Like any sound investment, the purchase of famous set tester, the other three new to the
test equipment should rewurn to the service- Simpson family. These three new testers are
man or service dealer the utmost aid in wrn- outgrowths of Simpson engineering of similar
ing his work inw dollar carnings and cus- test equipment. Each brings you new engincer-
tomer satisfaction. Every Simpson instrument ing refinements that are exclusively Simpson.
is engineered to handle today’s receivers in Each in its price class brings vou quality of
just that fashion — and o do the same for materials and construction you will find in no
receivers that will come to market within the other test equipment in the world.
forsecable future. Every dollar vou invest in these Simpson
We show here four such Simpson instru- instruments will pay a rich return for many
ments — one well-known as the world’s most long vears o come.

Ask Yaur Jabber.

N SIMPSON ELECTRIC COMPANY
5200-5218 West Kinzie Street, Chicago 44, lllinois
In Canada: Bach-Simpson Lltd., london, Ont.

1YOM

/////7/// ./////.// //////;//./ Jrl //:///*7

MODEL 260 IN THE ROLL TOP CASE

Model 260 permanently fastened in * Flick of finger opens or closes it.
Roll Top Case. e Built-in compartment for test leads
Heavily molded case with Bakelite roll beneath instrument.

front. .

Protects instrument from damage.
At 20,000 ohms per volt, chis instrument is far more sensitive than any other
instrument even approaching its price and quality. Unequalled for high sensi-

RANGES

Mol CH . Decibels (5 ranges!: —10 to 52 D.B.
vo:ls'oséoA'c' and DICRZ:S 108505230, 000 o mazy, 012000 (12 ohms center), 0.200,000
Milliomperes, D.C.: 10, 100, 500 L200 ohTs ’cen'eru 0-20 megohms (120,000
Microamperes, D.C.: 100 ohms center

Dealer’s net prices:
Model 260 ...
Model 260, in Roll Top Case............

Both complete with test leads

. w////'/// Dete100is00 Lore vl Vopsedes
MODEL 266 FOR AM, FM, TELEVISION SERVICING

Note these distinguishing Simpson features: the 1 volc taunge, fur full scule
deflection, necessary in fow R. F. voltage measurements; the zero center switch
provided for discriminator circuit alignment, a teature which embraces all D.(.
voltage ranges. D volt input resistance ranges from 30 megohms o 200
megohms; A.C. volt input impedance at 60 cycles is <10 megohms. The low input
capacitance of the probe (approximately 4 micro-microfarads) insures the
accuracy essential for the high frequencies encountered in servicing FM and
television receivers. Model 266 has many other equally important features.
Ask your jobber. or write, for descriptive circular.

RANGES
VYolts: 'A.C. and D.C., 0-1, 5, 10, 50, 100, 250, Ohms: 0-1000 (10 ohms center
500, 1000, 5000 0-10,000 100 ohms center)
0-100,000 1000 ohms center)
Milliamperes: (D C ) 0-1, 5, 10, 50, 100, 250, 0-1 megohm (10,000 ohms center)
500 0-10 megohms (100,000 ohms center)
0-100 megohms {1 megohm center)
Amperes: {(D.C.) 0-10 0-1000 megohmys (10 megohms center)
Size: 82" wide x 9'2" high x 8" deep. Dealer’s Net Price......................ocoerveienin... $79.50
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There's an Operator’s
Manual for cvery Simp.
son tester, of a Kind
wmpletely unigue in the
industry. Averaging 32
pages, these manuals
contain circurt dia-
grams and schematics
complete data on func-
tioning of parts, opera-
tion, and maintenance.
Printed on hecavy map
paper. durably bound
for long usage.

k %//’//' /////" //:/ //’7

MODEL 555 with Simpson "’No-Backlash” Roll Chart

TELE - TECH -

This latest addition to the Simpson engineered line of
quality test equipment is outstanding in its simplicity of
operation and attractive appearance,

Using the basic RMA recommended circuit, it is possible
to test any tube regardless of its base connections or the
internal connections of its elements through the use of the
new exclusive Simpson three-position lever-operated toggle
switches. These switches use a molded rotor carrying sil-
ver plated contacts which are self-cleaning through their
wiping action,

The Model 555 will test all receiving tubes, including

: .3////'//' ( //'//////
.gf’)//’ill/lji

MODEL 340

75 Kilocycles to 120 Megacycles
Fundamentals to 30 MC

The 120 megacycle range on the dial of this
new Simpson instrument makes available
readings for the high frequencies encoun-
tered in servicing FM receivers. A special high
output jack is provided. Electron coupled
circuit assures cextreme stability and output
uniformity throughout the band. Standard
30% modulation at 400 cycles. Effective
shielding throughout. Beautiful black and
silver panel of enduring anodized aluminum.

For 105130 volts, 50-60 cycle. Size 15" x 10" x 6. Dealer’s Net Price.

May, 1948

the latest nine pin miniature tubes and the subminiatures
as used in hearing aids, etc. Extra sockets are provided and
the flexible individual element switching arrangement takes
care of future tube developments. Tests can also be made on
gaseous rectifiers, pilot lamps, and continuity of ballast tubes.
The panel of Model 555 is distinguished by beautiful
modern styling in the shining silver and black of highly
polished, enduring, anodized aluminum. Ask your jobber,
or write, for descriptive circular.
Size: 16%" wide x 12'2" high x 6" deep.
Dealer’s Net Price....

-
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o GET perfect tracking — straight line tracking —
Tin your inductance tuners, the electrical character-
istics of the cores have to be uniform throughout the
entire core-length.

But a core can be no more uniform than the powder
it's made of. That's why it's important to use the
uniquely uniform G. A. & F. Carbonyl Tron Powder.

Made with great care —and by G. A. & F's exclusive.
patented carbonyl process—G. A. & F. Carbonyl Iron
Powders are uniforni. not only within a batch. but from
one batch to another. For example, the permeability of
different batches over a period of vears has heen held
within plus or minus one percent.

G.A. & F. Carbonyl Iron Powders
for high frequency cores offer these advantages
to the electronics industry:

1. When used at radio frequency, G. A. & F. Carbonyl
Iron Powders are superior in coeflicients of eddy cur-
rent loss and residual loss. These low losses make for
higher Q.

2. G. A. & F. Carbonyl Iron Powders stand alone

LY 4 p=d W

wiine

\\

A station comes in at the number it’s supposed
to. .. IF the tuner gives straight line tracking.

in co-eflicients of magnetic and temperature stability.

3. In comparison with air-cored coils, G. A. & F.
Carbonyl Tron Powder-cored coils permit savings in
volume. weight. and wire-length. along with great in-

creases in inductance and Q.

Ask vour core manufacturer for information ahout G.A.&F.
Carbonyl Iron Powders. Or write direct to: Antara Prod-
wets, 414 Madizon Avenue, New York 22, N.Y. Dept 54,

o e e e
| These unigque properties tell why :
i 3. A. & F. Carbonyl iron Powders are superior. I
i PROPERTY ADVANTAGE |
| Spherical structure Facilitates insulation and I
I Concentric shell structure {(some compacting I
I types only) Low eddy current losses

High purity F.xceptional permeability and com- l
| pressibility l
| Absence of non.ferrous metals Absence of corresponding disturbe I
| Relative absence of internal stress; ing influences I

regular crystal structuie Low hysteresis loss
I Spheres of small size Low eddy current losses; usable l
| for high frequencies l
l Variations of sphicre size Fxtremely close packing l

r
1
|
1
I
|
I
I
|
I
I
|
I
1
|
|
|
1
|
1
|
I
|
L

G.A.& F. CARBONYL IRON POWDERS

An Antara® Product of General Aniline & Film Corporation
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ILCO

Gives you the experience of the world’s largest radio
manufacturer.

Backed by the facilities of the world’s largest radio
engineering organization.

Serviced by a nation wide service organization.

Plus a Free Engineering Consultation Service ro dnalyze
your requirements.

PHILCO FM RADIOPHONE
COMMUNICATIONS SYSTEMS

Prompt Delivery on All Models

PHILCO

INDUSTRIAL DIVISION
PHILADELPHIA 34 ® PENNSYLVANIA

S RN G g e e S —

Industrial Division Dept M8
Philco Corporation

C and Tioga Streets
Philadelphia 34, Penna.

Gentlemen :

Pleese send me information about the new
PHILCO FM Radiophone Communications
Systems.

NAME S
ADDRESS

(el b5 S —

— e e e e s e s emn e S8 a=—
T e e, e e ey, -
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You caN controL MULTI-TOWER ARRAY'S This simpie way

1 Use one 2 Add a compact

Antenna Control Unit
for two towers

The Wedtern Fleetreie 30 An
tenna Control Unit includes a
branching circuit and two
phirase <hifters. and permin, ad
justment of the current ratio
and phase relation between the
element currents of two towers.
This unit handles up to 10 kw.

Daoes vour patteen ¢all flor Phase Control Units 1o he

an array of L oor even 6 connected to taps on the
towers? Then merely or- branching tran<former of
der the necessary number  the 33C The 310 handles
of compaect 31\ Antenna up to 10 kw.

Phase Control Unit

for each additional tower

20

TYPICAL CIRCUIT DIAGRAM SHOWING TWQO 34A You can use Western Eleetrie An-
ANTENNA PHASE CONTROL UNITS CONNECTED tenna Control Equipment to cood
TO BRANCHING TRANSFORMER OF 33C ANTENNA advantage in controlling current
CONTROL UNIT FOR CONTROL OF 4-TOWER ARRAY. ratios and phase velationships. The
ADDITIONAL 34A’S MAY BE CONNECTED AS NEEDED

master 33C Antenna Control Unit

FOR AS MANY AS 6 TOWERS.

cod L4 3 ' B

[ - da -
( — 34A Phase Control Unit
- | - .
{ [ Y. 2
> 7 AN KN
[ { g ] +/ 0 R i ‘/ 1 - T =
{ 4 - J ! ” [ 1= HI
J !
1 ' - I ! ' l_, =
% [ ! I
= - 1
33C Antenna Control Unit 34A Phase Control Unit

i< stvled to harmonize with cabinet
desien of  Western Eleetric AV
Transmitters, The 31\ Phase Con-
trol Unit measures only 27 high.
377 wide. 27 deep. and requires no

front-of-panel line-up space.

- QUALITY COUNTS-

For complete information on Western Electric An-
tenna Control Equipment, send the coupon below.

- r(:ru\ bar Flectric Company, T-37
I 120 Lesington Avenoe, New York 170N Y.

Gentdemen: Please send me Bullotin T-2313.
W estern lectrie Antenna Control Lquipment.
Company

Neldbrese

|
: Nane
|
|

Cil_\'

DISTRIBUTORS: IN THE U.§5.A —
Groybor Electric Compony. IN
CANADA AND NEWFOUNDLAND —
Northern Electric Compony, Lid.

TELE-TECH + May, 1948



ELEQTECH

TELEVISION o TELECOMMUNICATIONS . RADIO

O. H. CALDWELL, EDITOR * M. CLEMENTS, PUBLISHER * 480 LEXINGTON AVE., NEW YORK (17) N. Y.

HIGH POWER invariably improves any radio service to
the public, whether it be AM, FM, TV, or general com-
munications, A resolution now before Congress to
throttle standard broadcast station powers to 50 kw
(about the power exerted by a single automobile going
up hill!) will limit the future usefulness of our broad-
cast channels, particularly to farmers and remote com-
munities. Instead of 50-kw stations, we need 500-kw
and even 2500-kw transmitters, in the best public in-
terest.

MEMBERS OF CONGRESS are not qualified to pass
upon the intricate problems of radio operation,—which
they would be required to do by two proposals now
before the Capitol lawmakers. Congress has created FCC
to perform this radio task, and has equipped the Com-
mission with funds, engineers and facilities to handle
this technical job. Regrettable mistakes have indeed been
made by FCC. But it would be an even more collossal
error (hazarding possible radio chaos, as in 1926), if
Congress itself ever attempts to legislate the complex
and changing technical details of radio administration.

ENGINEERING DESIGN ECONOMIES result from a
lot of small and large items. Comparing present with
prewar models, we note high-frequency power supplies
with inexpensive transformers and filter capacitors. An
ingenious expedient utilizes the inner and outer coatings
of the bulb of the cathode-ray tube to provide the neces-
sary filter capacitance. These coatings (in a projection
tube) may be at 20 to 30 kv difference of potential.

The use of intercarrier modulation principles has re-
sulted in substantial cost reduction in some of the latest
inexpensive 7-inch sets.

Higher figures of merit found with the new miniature
tubes have not only simplified circuit design but make
the wide-band requirements easier to attain.

One large company has inaugurated a continuous
cabinet production line that fabricates TV cabinets from
the wood, and applies all of the finishing processes in
a matter of four hours. No longer are the multiple
handling and storage times needed awaiting finish dry-

ing.

LOWER-COST TV SETS-—We have received many
queries as to what happened in designs to account for
the recent downward trend in TV receiver prices. The
answer is not the same in every case: (1) Some com-
panies have worked out new distribution policies which
they think will be more efficient and economical. (2)
Others believe that an arbitrarily-set lower price will
put them in the forefront immediately and make easier
sailing later. (3) Some prices have been set by com-
panies which have capitalized on the experience and
developments of others and so have no great develop-
ment overhead to write off. (4) Engineering design
economies have been achieved. These last are the only
real gains that mean anything in the overall picture.

PROJECTION VS. DIRECT-VIEW—Controversy over
projection versus direct-view television is crystallizing
in the Baltimore area according to reports from that
region where it is claimed that a growing demand by the
public for direct-view receivers gives evidence that the
small-picture set is not the drug on the market that
some expected it to be. Low-priced receivers are
literally changing the “picture” of the mass television
market.

TELE-TECH’s TV TIMETABLE for 19148 . . . See Part 2

Our TV Timetable included with this issue as Part 2 is the first and
only compilation of its kind showing by months TV stations sched-
uled to go on the air commercially in 1948. Supplementing this ex-
clusive Timetable are other pertinent facts on television actions
which make this special Timetable the most informative reference

chart of the vear.

TELE-TECH <+ May, 1948

21



HOW MUCH Pay s

Second in a series of articles on engineer pay. This article analyzes the pay

for radio and electronic engineers in research and manufacturing fields

and outlines a bonus plan covering engineers with General Radio Company

JTHEN an engineer enters em-

ployment, no subject is of more
interest to him than pay. This inter-
est is natural because it is the
measure by which others appraise
his ability. It is also a measure of
the appraisal put on different types
of talents.

Competent engineers sometimes
complain that technical sales posi-
tions and administrative positions
pay higher salaries to persons con-
sidered by the engineer to be less
competent than himself. Such a per-
son may also have had less academic
training than the complaining en-
gineer. The law of supply and de-
mand is inexorable in the long run
and it, nearly alone, determines pay
rates, barring, of course femporary
controls. If there is a shortage of
chemical engineers and a surplus
of electronic engineers, the chemi-
cal engineer will be the higher-
paid. That situation currently ex-
ists.

In general, the young man who
has decided on an engineering ca-
reer is far more influenced in his
choice of fields by his like or dislike
of a field than by the pay opportu-
nities in that field. There is, of
course, some influence exerted
where employment and pay condi-
tions in a particular field are un-
usual. Tangibility is also an impor-
tant factor. For example, many
young men are attracted to elec-
tronic courses because they recog-
nize electronic phenomena all
around them, and in many cases
they have constructed some sort of
electronic equipment. On the other
hand, metallurgy is a rather in-
tangible subject to a preparatory
school student, with the result that
students training in this field have

22

been rather few. Pay after gradua-
tion has accordingly averaged high-
er than in the electronic field.
Except as we may influence young
men as to the advantages and dis-
advantages of the electronics field.
our pay problems become quite
personal because we are already in
the field. Pay data is a very in-
tangible subject because it is so
difficult for any individual to make
an accurate self-appraisal and
thereby place himself correctly on
the statistical pay curves. For any-
one interested in a splendid analy-

Comparison of monthly pay by degrees

BEGINNERS

. 25-40 YRS, EXPERIENCE
$1000

900

800 =

700

600

500

400

300+

200

100

8BS MA
DEGREE DEGREE

PHD
DEGREE

sis of comparative rates of pay for
engineers, I recommend a study of
a report published last year by the
Engineers Joint Council on the 1946
Survey of the Engineering Profes-
sion. The report is entitled, “The
Engineering Profession in Transi-
tion”. The price is $1.00, and it may
be obtained from the Council, 33 W.
39th Street, New York. (TELE-TECH,
April 1948, page 25.)

Comparative Pay Scales

I have recently made some spot
checks of current pay rates for
young men entering the electronics
industry. They are still very con-
fused by the effects of the war.
Consideration is usually given to
tne value of war service, and a
preferential rate of from 10 to 20
percent is not unusual for those who
have had really useful war experi-
ence in the line of work for which
they are engaged. Starting pay for
the holder of a baccalaureate de-
gree in science or engineering is
currently $250 a month for a stand-
ard work week. In the case of some
training courses, a rate of about
$225 may be expected. Useful war
experience may add up to about $50
a month, thus bringing the top
starting rate up to $300 a month.

The base for a master’'s degree
runs from $25 to $50 a month above
the baccalaureate. There seemed to
be more hesitancy in quoting finite
figures for this degree, largely be-
cause of the war experience factor
and because of the privileges under
the G. I. Bill. A graduate who had
useful war service, and then ob-
tained his master’'s degree at the
end of the war, seemed to have his
experience credit and his degree

TELE-TECH * May, 1948



An Engineer Worth ?

Dr. H. B. RICHMOND,

Radio Co., Cambridge, Mass.

Chairman of the Board, General

WHAT DO YOU THINK?

Does the pay of engineers in the communications industry

keep pace with rise in income in other industries and pro-
fessions? Do engineers feel adequately paid? Comments
from engineers are welcome. Write to TELE-TECH in con-

Dr. Richmond addressing the IRE on the subject of this article

fidence—names will not be used.

credit merged in a manner hard to
appraise separately. A base rate of
$275 for an inexperienced holder of
a master’'s degree, particularly if
part of the training had been accel-
erated, can be expected. A more
normal rate, including some small
allowance [or military experience.
would be nearer $300.

The holders of the doctorate in
the field of science start for about
$100 a month more than do the
holders of a B. S. degree. The extra
time and cost is hardly worth this
small starting differential. The em-
ployer is very likely to take the
attitude that the holder of the B. S.
degree is not expected to produce

Chart from “Engineering Profession in Transition” by Engineers Joint Council

COMPARISON OF FIVE LEVELS OF BASE MONTHLY
SALARY RATES OF PROFESSIONAL ENGINEERS
BY EXPERIENCE LEVEL IN 1946

EXPERIENGE LEVEL
ER

IN YEARS Low Lowen
10 PERCENT 23 PEACENT

UPPER urrER
MEDIAN 23 PERCENT 10 PERCENT

40 OR MORE 8%

35-39

30—-34

25-29
20—-24
I5=19
12—14

I " 1 "

300 400

500 600 700 800 9200

SALARY RATE

TELE-TECH * May, 1948

too much at the start, but is amen-
able to training; whereas the holder
of the doctorate, while recognized
for his advanced training, is never-
theless often regarded with a bit of
suspicion as to his ability to turn
this additional training into applied
practice until he has actually proved
his ability to do so.

Highest Paid Engineers

The Engineers Joint Council study
shows that the highest paid group
of engineers are those holding non-
technical management-administra-
tive positions, with those holding
technical management-administra-
tive positions coming second. Re-
search workers in the field of basic
science come next, followed by re-
search workers in applied science.
Teaching, in which many holders of
the doctorate are engaged, is twelfth
on the list of nineteen classifications.

These starting rates are really in-
teresting to only a small proportion
of engineers, principally to those
about to seek employment or those
who have recently started, and to
employers of such young engineers.
What is of greater interest is the pay
that men with 25 to 40 years of
experience in the electronic field
receive. This is so complicated by a
depreciating currency that a simple
answer is very difficult. For exam-
ple, the starting monthly rate of

(Continued on page 76)
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Simplest series mode crystal oscillator circuit for work at moderate fre-
quencies. Only circuit elements are R and C. inductances are unnecessary

eries Mode

CRYSTAL
CIRCUITS

Quartz crystal oscillators produce oscillations at 118 mc;

by using one twin triode, circuit can be operated at 250 mc.

With modifications, the circuit can be used as a converter

By HAROLD GOLDBERG and EDW ARD L. CROSBY, Jr..

Research Engineers, Bendix Radio Division. Baltimore

TTILIZATION of the concept that

' a piezoelectric quartz crystal
may be represented in the neighbor-
hood of a resonance by the equiva-
lent circuit (Fig. 1) has resulted in
oscillator circuits having unusual
characteristics.

This circuit has two frequencies
of resonance, one. termed the series
resonance. for which the impedance
is a minimum and the other, the
parallel resonance, for which the
impedance is a maximum. These
frequencies are very close to each
other in the typical crystal. At low
frequencies, the shunt capacitance
may be ignored without much error
as far as the series mode is con-

Fig. 1: Equivalent circuit of crystal and holder

cerned, and the series mode reso-
nant frequency may be taken as
that of the series arm alone. If one
uses the crystal in an oscillator cir-
cuit which drives the crystal in its
series mode at low frequencies, the
crystal may be represented by the
series arm alone without significant
error.

The oscillator, basically represent-
ed in Fig. 2 is essentially an ampli-
fier having a complex gain, the real
part of which is G and the phase
shift of which is 0, connected back
on itself through an impedance Z,
the quartz crystal. The condition for
steady oscillation is shown by the
relation for (C) in Fig. 2B. Both G

and A may be computed for the
condition of steady oscillation. If
the center frequency is sufficiently
high the frequency of oscillation can
be computed to a good degree of
approximation from A, where
A—w/w,— o/ w=2N0/w, = 2A{/f,
where Af is the difference between
f and f..

From the relations in Figs. 1 and
2, it can be shown that
G = R+R,+R,/ (R, cos 0 —X, sin 0)
ZAf/fn == _[(Xo + Xl)/(l)oL] +

(tan 0+X,/R,) /Q.:: (1—X, tan O/R,)
where Q... is given by

Q. = w L./ (R+R,+R,))

Although 0, X, and X, are treated

as though they are independent of

Fig. 2: Fundamental oscillator circuit shown in (A) left; equivalent circuit (B) right

2
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L R c

eLE

n . w
Z=R*j wOL(Fo_

)

R+ jW,LA

-0 -
= R

=R+iX, *Reti%e

!

(A).

24

TELE-TECH <+ Mav, 1948



frequency, the more exact analysis
becomes complicated and does not
necessarily yield more significant
results.

Frequeney Stability

Since we are primarily interested
in frequency stability, let us investi-
gate the last relation. If the circuit
is tuned so that tan 0, X, and X\,
are zero at the frequency f, Af/f, is
also zero, so the oscillator operates
at the resonant frequency of Z. If
the resonant frequency of Z is in-
dependent of ambient conditions,
the stability will be determined by
the way in which temperature, op-
erating voltages, vibration, aging,
etc. affect the parameters on the
right of this equation. It is obvious
that the effect on the frequency of
such changes will be small if oL is
very large compared to R, R., R,
X.. and tan 0. Furthermore, stability
will be improved if tan 0, X,, and X,
change very slowly with frequency.
The first requirement is satisfied if
we choose a quartz crystal for iz
and keep R., R,, X.. and X, com-
parable in magnitude with R. This
is a consequence of the high Q of
quartz crystals.

The second requirement may be
satisfied by making the amplifier
broad band, and making the input
and output impedances broad band.
In other words, a sharply tuned
band pass amplifier will give poor
stability as compared to a broad
band amplifier having the proper

Fig. 3: Circuit utilizing series mode of crystal is a grounded grid 4, L A
triode which feeds a cathode coupled output stage as illustrated '

gain. With good crystals, it is ob-
vious that high orders of stability
are possible. However this circuit is
not as stable as the Meachem bridge
stabilized oscillator, which can
achieve higher degrees of stability
by minimizing the effects of varia-
tions in tan 0, etc., by increasing the
gain of the associated amplifier.

This is not the case for the circuit
analyzed here but the circuit does
possess remarkable stability if
properly designed.

The quartz crystal has been
treated as a simple series resonant
circuit, which is justified when the
shunt capacitance across the crystal
has a negligible effect at resonance.
At high frequencies ( >30 mc) this
capacitance, even for crystals
mounted in low capacitance holders,
is no longer a quantity to be ig-
nored. It has been found in this
series mode oscillator, that one can
take care of the shunt capacitance
by anti-resonating it at the operat-
ing frequency. An examination of

Fig. 4: Diagram

the resulting impedance equation
shows roughly the same behavior
at resonance as that obtained for
the series arm alone when used in
the neighborhood of resonance.

Cireuit Characteristics

The equation above for G sug-
gests that the class of amplifiers
whose input and output are consid-
ered to be in phase may be used for
this type of oscillator. Since sim-
plicity is generally desired, only two
generic circuits will be considered
(Figs. 3 and 4).

The amplifier portion of Fig. 3 is
a grounded grid amplification stage
driving a cathode follower output
stage. The amplifier portion of Fig.
4 is a cathode coupled amplifier.
Both input and output of the am-
plifier of Fig. 3 are generally low
impedance because the input im-
pedance of a grounded grid ampli-
fier, and the output impedance of a
cathode follower, are low. The input

shows an alternate

circuit for Fig. 3.

This circuit oper-

ates at higher im-
pedance levels

Photo below right:
VHF series mode
crystal operates di-
rectly at 236 mec.
Pencil pointer indi-
cates tiny A-T cut
quartz crystal
ground for approxi-
mately 10 mc fun-
damental frequency

B+

iF
fgg
&

By =
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SERIES MODE CRYSTAL

and output of the amplifier of Fig. 4
are generally high impedance al-
though they need not necessarily be.
For given tube types, the lowest im-
pedances will generally be achieved
with the amplifier of Fig. 3. Al-
though the tubes shown are triodes,
the circuit is not restricted to tri-
odes. It may be advantageous to use
tetrodes or pentodes in either posi-
tion.

The networks shown may also be
four terminal networks. Amplitude
control is accomplished by grid leak
bias of the cathode follower al-
though other means of control may
be used. For the utmost in stability,
some means of control should be
used which limits operation to class
A. At high frequencies, the crystal
holder shunt capacitance is anti-
resonated as shown. The circuit of
Fig. 4 would require a blocking
condenser if the holder is anti-
resonated. If stability is the prime
consideration, the circuit of Fig. 3
is to be preferred, all other factors
remaining constant. The circuit of
Fig. 4 may be used where a so-
called “rubber crystal” circuit is
desired.

Poor stability may be obtained
with the circuit of Fig. 3 by insert-
ing resistance in series with the
crystal, or by resorting to strata-
gems which cause the right side of
equation (2) to vary rapidly with
frequency. The frequency of the
cscillator may be changed by caus-

Fig. 5: Circuit of Fig. 3 with output trap to pick selected harmonic

CIRCUITS (Continued)

ing these quantities to vary or by
inserting a variable reactance in
series with the crystal.

It should be realized, for the cir-
cuit of Fig. 3. that Z, and Z, are
not the input and output imped-
ances. The input impedance, de-
noted by Z, in the analysis, is a
function of Z,, Z., and the param-
eters of VT, even when the effects
of interelectrode capacitance and
grid current in VT. are neglected.
If the latter are not neglected. both
input and output impedances in-
volve all of the circuit constants in-
cluding those of the crystal. This
interaction may be reduced by the
use of grounded grid pentode am-
plifiers in place of the triodes shown.

Low Frequeney Operation

Z.. Z, and Z, are resistors for low
frequency applications. The plate
circuit impedances Z. and Z. may
be resistors with or without high
frequency peaking circuits or tuned
band pass circuits. The low pass
circuit has the considerable advan-
tage that it is useful with any crys-
tal of any frequency for which the
amplifier gain will sustain oscilla-
tion. By using high figure-of-merit
tubes, it should be possible to build
a circuit which would accept crys-
tals having frequencies up to 10
mc without adjustment changes.
Changing frequency would merely
mean changing crystals.

One must be careful, however,
with this type of circuit, to pick
crystals that have their greatest ac-
tivity at the desired frequency. All
crystals have many modes of oscil-
lation of different activity. The cir-
cuit will oscillate at the frequency
of the most active mode within the
pass band of the amplifier. not nec-
essarily the nominal operating mode
designated by the manufacturer of
the crystal. If the desired mode is
not the most active one, it must be
selected. or favored, by using tuned
band pass circuits for the plate im-
pedance. If the band pass circuit
must be made sharp to exclude a
nearby unwanted mode, the sta-
bility will not be as good as with
the broad low pass circuit.

The equations for the frequency
of the oscillator indicate greater
stability for broad band amplifiers
in general, since their phase shift
changes more slowly with frequen-
cy. Despite the fact that one would
expect that the effect of variations
of shunt capacitance would be re-
duced by using low L/C ratios, an
analysis shows that the stability is
greatest when the Q’s of the circuits
in the amplifier are a minimum.

The cathode follower portion of
the amplifier is cut off during a por-
tion of each cycle if the Class A gain
of the amplifier exceeds that neces-
sary for stable operation. Under
these conditions, the follower grid
draws current and amplitude is

Fig. 6: Pentode oscillator to produce outputs at higher harmonics
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Laboratory television transmitter using series mode circuit on 7th overtone at 77.25 mc for
the exciter. Design simplicity and power supply economy were achieved by application of
circuit developed by G. H. Brower under direction of F. R. Norton. Bendix research engineers

limited by the grid bias developed,
but the waveform at the input to
the grounded grid stage is good since
the crystal acts as a wave filter.
Overtones may be obtained from a
circuit placed in the plate of the
follower section which is tuned to
the desired overtone, Fig. 5.

The independence of frequency
with respect to tube parameters is
illustrated by the following exam-
ple. Two low-pass circuits were
constructed. one using a 7F8 twin
triode. the other a pair of 6ACT's
connected as triodes. The frequency
of oscillation of the two circuits
when used with the same 440 kec
crystal differed by only 1 PPM.

Fig. 7: Signal applied to input of “grounded” grid tube of Fig. 5

For high frequency operation.
band pass tuned circuits must be
used for the plate impedance. This
laboratory finds that single tuned
circuits for the plate impedance.
resonated by the stray shunt ca-
pacitances of the circuit are useful.
The plate circuit was loaded as
much as possible without endanger-
ing the condition of oscillation. The
shunt capacitance of the crystal
holder was anti-resonated at the op-
erating frequency. It was found that
with resistances for the cathode im-
pedances, and a 7F8 twin triode,
direct operation of a crystal was
achieved at a frequency of 118 mec.
The particular crystal used for this

experiment was a hermetically
sealed "quintupler” crystal designed
for operation at its 5th mechanical
harmonic. Operation at 118 mc was
at the 11th mechanical harmonic.

To achieve still higher frequen-
cies complex cathode impedances
must be used, since the shunt ca-
pacitances reduce the gain to such
low levels that oscillation is no
longer possible.

There may be an advantage in
the use of grounded grid pentodes
as in Fig. 6 to obtain the ultimate
in high frequency operation. L, and
L, anti-resonate the shunt capaci-
tances present in the cathodes. L.
tunes the plate. The pentode pro-
vides additional decoupling between
input impedance and plate imped-
ance. Although not yet tried in this
laboratory, it is hoped that this cir-
cuit will make possible direct oper-

ation at frequencies higher than
118 mec.
If desired, electrical overtones

may be derived from the plate of
the follower, as already noted. The
circuit using the single T7F8 and
running at 118 mc produced appre-
ciable third harmonic at 354 mec.

Use as Converter Circuit

In converter service the ground-
ed grid may be used as a signal
grid. the follower plate delivering
the IF output, Fig. 7. Mixing takes
place primarily in the follower. For
this type of service. the gain of the
amplifier must be optimized for the
greatest conversion gain. Operation

(Continued on page 86)

Fig. 8: High power oscillator delivers 400 w at 1lst or 3rd harmonic

LE ouT

CONVERTER CIRCUIT
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(1 to r): Roland Hale, WCOP, Boston; Homer
Courchene, WLS & WENR, Chicago; George
Milne, ABC, at IRE Convention in March

IRE CANDIDS

Below: Dr. Benjamin E. Shackelford, 1948
IRE president, (1) Mrs. Shackelford and
F. E. Terman, Stamford U., past pres, IRE

Below (1 to r': Harry Gawler, Gawler-
Knoop; Dr. T. T. Goldsmith, DuMont; John
Reed, Crosley (AVCO) at IRE convention

Below (1 to r): R. F. Shea of General Elec-
tric and L. M. Temple of Winchester Com-
pany look serious at IRE’s injormal party

Engineers Reveal New

New tubes, circuits, radar, computer and amplifier

N OUTSTANDING technical suc

cess, in addition to being a
sell-out insofar as attendance and
exhibits were concerned, the 36th
annual convention and radio engi-
neering show recently held by the
Institute of Radio Engineers in New
York presented the industry and the
world with several interesting re-
ports on new radio engineering and
electronic developments. In a ma-
jority of the papers, new concepts
were disclosed that bear directly on
new fields of research: nuclear
studies, rapid telemetering of multi-
channel effects over radio channels,
and computer eyuipment in several
forms. In addition there were sev-
eral new communication circuits
disclosed that may well serve in as-
sociated fields at a later day. An
analysis of a few of the papers fol-
lows:

Educated Echoes

The possibility of reflected-power
communication was analyzed by
Stockman of Watson Labs., Harvard.
Here, a continuous source of energy
(such as radio signals, infra-red or
ultrasonic) can be modulated at a
remote point so that the reflected
signal returns carrying the desired
intelligence.

Synthetic Quartz Substitutes

Several papers were presented by
representatives of the Bell Tele-
phone Labs. on the subject of a
quartz substitute of a synthetic type
—Ethylene Diamine Tartrate. While
this is a new, all-organic water-
soluble material and is more frag-
ile, still its properties are of interest.
The material is finding ready use
in many applications as, for exam-
ple, in band-pass filter circuits in
telephone systems.

Wideband Amplifier Systems

Two papers described wideband
amplifier systems using distributed
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Diagram of basic distribution amplifier
(Ginzton, Hewlett, Jasberg and Noe) giving
greater bandwidth-times-gain characteristics.
Lumped transmission lines in input and
output circuit must be properly termi-
nated in order to prevent reflections

transmission line principles. W. R.
Hewlett (Hewlett-Packard) showed
that, by an appropriate distribution
of ordinary vacuum tubes along ar-
tificial transmission lines, it is pos:
sible to obtain amplification over
much greater bandwidths than
would be possible with ordinary
circuits. A typical amplifier of this
type is shown herewith. The meth-
od approaches the travelling-wave
tube system but uses presently
available tubes.

Another delay-line coupled am-
plifier was described by Rudenberg
(Harvard) where a bandwidth (like
the preceding, also obtainable with
standard tubes) is obtained one
order of magnitude larger than that
limiting a single~-tube stage. The
gain of a lossless chain is ng.,/o’C
per group of n tubes. A bandwidth
of ¢,,/20 C cycles per tube was found
for a chain having 8.6 db gain,
equivalent to a bandwidth of 50 mc
for each 6AK5 in the chain. An
11-tube chain showed nearly linear
phaseshift response, and a gain of
10 db up to 250 mc, with a cutoff
frequency of 300 mc.

Low Noise Circuit

A low-noise cascode circuit was
described by Wallman giving su-
perior noise performance of a
grounded-cathode triode first stage
with the stability and amplification
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Developments at IRE

system are some disclosures made at March N. Y. meeting
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