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27 v+ FM +AM We’re making sure that wle:

o ¢ ¢ get all of this business . ..

““We don't propose to let even one customer walk out of our
place. If it's a TV, AM or FM set that needs servicing, we're
making sure that we can handle the job satisfactorily. And
one way of making sure is by constantly using our reference
library of Rider Manuals.”

—Says Mr. 1. Zwickel
Signal Radio Hospital
Brooklyn, New York

For Greater Efficiency...For More Information. .. For More Value For Your Money

Place Your Order Now for the NEW RIDER Tv M A"“AI. VOL. 3

Larger Page Size! 12" x 15”1 All Pages in Place! Easier to Use!

Here is accurate, authentic, reliable serv-
icing information direct from 74 TV re-

teiver manufacturers. New, enlarged FM TRANSW

page size, 12 x 15 inches, with all pages

filed in position, Giant pages have been RECEPT’ON

retained . . . but now have only one fold by John F. Rider

for greater convenience and durability. A “musr b and Seymour p, Usfan
There’s more ease in using, too, because looks to Fum ::: ""’," the radio servicem
there are fewer pages to turn and be- of his future earningy o 0% 91 important mer
ctause diagrams and related text are ?:;;:(Y modulation gs;sl(e:;vse" oll tvpes of ‘;’e"
more closely positioned, Order now from police, °':°,'°‘“’ radio, railroad e:’,'D."”,'ed in Tv,
your jobber. ceivare. AAT-10-point and mopr). O7 Morine,

416 Pages, prof

TV PICTURE PROJECTION ang

Mobile -
usely illustrates,  $360

Equivalent of Approximately 2032 s oo
Pages (82 x 11”), Plus Cumula-

tive Index Volumes i, 2 and 3, Plus
the Famous ““How It Works™ Book

Complete

ibilities!

c, fctorautholist gt ENLARGEMENT ,
. 1 Tthe totest AMETE Taon, Timely . . ¥ Allan Lyte)
informotion Rotord Changers: e‘cd;de‘d e RIDER MANUAL S Combines "“"’ry. i‘fmplele : « - Authoritay;
| Ao Receiverse To \ “put with the 08 ted in Television Manual Volume 3 (Plus ond well.organiy, d‘"‘ Practice, ond offer: <
plete in every TE30O0L | o spreads 0% “How It Works’ Baok and Index)....$21.00 tals of fighy oo €XPlanation of thy g o Clear
\ t1age of text o Television Manual Volume 2 (Plus " : ST OPtics o Sylsl'"damen-
position. For “How It Works’ Book:and Index)...... 18.00 is . i ems
FREE! Eye-S"’PPers Television Manual Volume 1 (Plus
N Shop Windows ‘idow It Works" Book and Index)......$18.00 s—— !
vic inches, Volume XIX : 19.00 e,
Servic Disploy 1dea, 1417 W00 Volume XVIII
A very clever Riel o ents The Phon¥? - T omps, volume XVII .. ' _..$16.50
captioned god photos f PSS den- Volume XV§ ... i $.8.40
two grea! » Volume XV er.-$19.80
one geny Volume XIV to Vil (each volume 16.50
tifying ¢ Volume VI ... -
the forgery Abridged Manuals | to V
ond Wi {one volume)
Disp Record Changers and Recorders......
ring Manual
TR | i e v e
Ei 008 T e own publication 8 ‘gEEl PA Equipment Manual, Vol. |

i or t.e-
to every gerviceman. write {

JOHN F. RIDER PUBLISHER, inc., 480 Canal Street, New York 13, N, Y. ¢ Export Agent: Rocke International Corp., 13 E. 40th St., N.Y.C., Cable, ARLAB.

RIDER MANUALS mean sesvicinG

Mollory TY Service Encyclopedia, 1st TV ‘Edlfion, mokes reference to only one source of TV recelver schematics—Rider TY Manvals.
NOTE: The Mallory Radio Service Encyclopedio, 6th Edition, mokes reference o only one source of radio receiver schematics——Rider Monuals.
NOTE: The C-D Capacitor Manual for Radio Servicing, 1948 Edition No. 4, mckes rcference to only one source of receiver schematics—Rider Manvals.

NOTE: The
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J. £, SMITH, Preside
Pationsl Radio Institute

| TRAINED THESE MEN

3 “N. R. L. helped
qua’ify me for
position as Radio
. Mechanic with
United Airlines.
Have my Radiotelephone
2nd Class Lieense.”—L. M.
Hauger, San Bruno, Calif.

Y “Work only spare
@ time at Radio and
¥ ' average-about $40

e":‘ A a month. Knew
-tfs nothing about

Radéio before enrolling with

N. R. L.”"—S8amuel T. De-

Wad, St. Chir, Pa.
3 “l am operating a

Racio Sales and

Service business.

With and

Television in the
we have a very

offing,
proitable fucure.”—Albert
Patrick, Tampa, Florida.

' LEARN

VETERANS

IWILL TRAIN You AT IIO/HE FOR

GOOD PAY=SUCCESS |-
) A BRIGHT FUTURE |

in Americas Fastest-Growing industry

Want a good-pay job in the fast grow-
ing BADIO-TELEVISION Industry?
Want a money-making Radio-Televi-
sion shop of your own? Here's your
opportumity. I've trained hundreds of
men to be successful Technicians . . .
MEN WITH NO PREVIOUS EXPE-
RIENCE. My tested and proved train.
at-home method makes learning easy.
You Jea-n Radio-Television principles
from illustrated lessons, You ges prac-
tical experience building, experiment-
ing wita MANY KITS OF PARTS
I send. All equipment yours to keep.

MAKE EXTRA MONEY
IN SPARE TIME

The day you enroll, I start s2nding
SPECIAL BOOKLETS that shcw you

how 0 make $5, $10 a week or more §

EXTRA MONEY fixing neighbors’

Radics .n spare time while learning.
From hsre, it’s a short step to your §

own shcp or a good-pay Radio-Tele-

vigion servicing job. Or be a licensed p ;

Radic-Television Operator or Tech-
nician. The number of Radio Stations
has nearly tripled in the last few years
—and within three years, experts pre-
dict the~e will be 1000 Television sta-
tions or. the air. Then add develop-
ment3 im FM, Two Way Radio, Police,

Marine, Aviation, Microwave Relay

Radie! Think what this means! New
jobs, mere jobs, good pay for qualified

GET THIS TRAINING
WITHOUT €037
UNDER G. I. BiLL

3

TELEVISION

BY PRACTICING AT HOME
IN SPARE TIME WITH
THESE AND OTHER KITS

i 1 SEND YOU

nzn. The man who prepares now will
reap rich rewards;

MAIL COUPON FOR ‘
BOOKS FREE
42t now! Send for my FREE |
DDUBLE OFFEE. Coupon entitles |
reu to actual lesson, “GETTING AC-
QUAINTED WITH RECEIVER
SERVICING.” It shows you that
barnmg at home is easy, practical.
Tau also get my 64-page book, “HOW
) BE A SUCCESS IN RADIO-
TILEVISION.” It tells what my
graduates are doing and earning, how
euickly you can be on your way to o
.good pay, success, a bright future, '
Send coupon in ernvelope or paste on
penny postal J. E.SMITH, President,
= Dept. 04X,
National Radio
Institute, Pioneer
Home Study Radio -
School, Washington9,D. C.

¢ MR. J. E. SMITH, President, Dept. OAX.
| Natlonal Radio Institute, Washington &, D. C.
! Mail me Sample Zesson and 64-page Book about il

}, | How to Win Suecess in Radio- Television—both FREE. §
(No Salesman will call. Please write plairly.)

Name..... -Age |
AdAress.... s i e cssssse et e e s sen :
City.... Zone State [

O Check xf Veteran Approved under G. L. Bill B
L T T T L L T Ty yumpem—m
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Hugo Gernsback, Editor-in-Chief

Fred Shunaman, Managing Editor

M. Harvey Gernsback, Consulting Editor
Robert F. Scott, W2PWG, Technical Editor
R. H. Dorf, W2QMI, Associate Editor

. Queen, W20UX, Editorial Associate
Angie Pascale, Production Manager

Wm. Lyan McLaughlin,
Technical lllustration Director

RADIO —
ELECTRONICS

formerly RADIO-CRAFT

tncorporating
SHORT WAVE CRAFT® TELEVISION NEWS*®
RAQIO & TELEVISION
*Trademark registered U. 8. Patent Office

G. Aliquo

Circulation Manager

Robert Fallath

Promotion Manager

Annual Television Number

Lee Robinson
General Manager

John J. Lamson
Sales Manager

Contents January, 1950

Editorial (Page 23)
Television in 1975, .. vt iniiiiiiiieiiennnnnns by Hugo Gernsback 23

Television (Pages 24-79)
The Problem of Color TV. ...........c.cvvvn.... by Dr. Lee de Forest 24
Industrial TV Applications. ................... by Dr. Allen B. Du Mont 26
Television in Color...............................by Fred Shunoman 28
Mass Production Television Tests (Cover Feature)................... 3t
A De Luxe Televiser, Part |.................... by Charles A. Vaccaro 32
TV Interference Problems. ... .................... by William L. Kiser 36
Revamping a 630-Type TV Set...............by M. Harvey Gernsback 38
Theory and Practice of Intercarrier TV, Part I..... by Seymour D. Uslan 41
Transmission Line Constants. ...................... by Robert F. Scott 42
Television in Every Room.................c........ by Martin Clifford 44
Hustrated TV Station List. ..ot 48
Choosing a TV Receiver.. ............ccoveevnen... by Sol D. Prensky 55
Electronic Magnification for Existing Receivers. . ... . by Wilbur J. Hantz 57
Interesting Television Circuits. ... ... c.vuiuivnieiininieiaeannnn. 58
TV-Guided Missile. ... ...c.oennei i e 59
TV Trouble Shooting............................. by Murray Barlowe 60
Finding and Curing Unusual TV Troubles........... by frving Dlugatch 62
Television Dictionary. ..............oov i nn. by Ed. Bukstein 64
Adjusting TV Linearity Without a Test Pattern. ... .. by Matthew Mand! 65
British TV News. .......... ..., by Ralph W, Hallows 67
Soap Bubbles and Television...........coouvuuvneonn... by E. Aisberg 69
Television Antennas. .............c..uueriniee e, 70
Overhead Planes Cause TV Flutter. .. .............. by Nathaniel Rhita 71
Directory of TV Receiver Characteristics. ..........ccuvueenereenn... 72

Electronics (Pages 80-82)
Making Large Electrets. ...............ooo..... by Victor H. Laughter 80

Servicing (Pages 84-98)
Fundamentals of Radio Servicing, Part Xl—The Pentode Vacuum Tube
by John T. Frye 84
Radio Set & Service Review (RCA Victor's 45 r.p.m. Changer)

by Richard H. Dorf 92
Avdio (Pages 100-105)

Record Changers—Bah!....................... by James R. Langham 100
Construction [Pages 106-109)

D. F. Receiver for Yachts. ... ......cooouiuun.. .. by T. W. Dresser 106

Time-Delay Circuit............ooooul. .. by Otto L. Wooley, WQDSGG 109
Amateur (Pages 110-116)

How to Become A Ham, Part IV....... by George W. Shuart, W4AMN 110
New Design (Page 117)

French Radio Developments........................... by E. Aisberg 11/
Foreign News (Pages 119-121)

European Report..............cvi..... by Major Ralph W. Hallows 19
Departments

Radio Month........... 00 8 Tey This One............. 130

Radio Busjness ------------ 10 Association News......... 132

New Devices............. 118 Miscell 136

New Patents............. 122 ISCOANY ovvrnrnnnnns

Radio-Electronic Circuits. .. 124 People ............oiiil 137

Question Box............. 126 Communications ......... 139

Technotes. ............... 128 Book Reviews............. 143

ON THE COVER: Final tests on a televiser nearing the end of the as-
sembly line at RCA's Camden, New Jersey, factory.

RADI0-ELECTRONICS, January, 1950, Velume XXI, No. 4. Published monthly. Publication Office: Erie Ave,
F to G Streets. Philadelphia 32, Pa. Entered as second class matter September 27, 1¥48, at the post office at
Philadelphia, Ps., under the Act of March 3, 1879. SUBSCRIPTION RATES: In U. 8. and Canads, in U. S,
possessions, Mexico. South snd Central Americsn countries, $3.50; $6.00 for two Years: $8.00 for three Years:
single copies 30c. All other forelgn countries $4.50 & year, $8.00 for two Yoars, $11.00 for three years. Allow one
month for change of address, When ordering a change please furnish an address stencll {mpression from a recent wrapper.
RADCRAFT PUBLICATIONS, INC. Hugo Gernsback, Pres.: M. Harvey Gernsback. Vice-Pres.; G. Aliquo, Sec’y.
Contents Copyright, 1949, by Radcraft Publications. Inc. Text and illustrations must not be reproduced without

permission of copyright
1. REctor 2-9690. BRANCH

¥ owners.

EDITORIAL and ADVERTISBING OFFICES, 25 West Broadway, New York 7, N. Y. Tel

ADVERTISING OFFICES: Chicago: 308 W. Washington Street. Telephone RAndoiph 6-7363. Los Angeles: Ralph W,
Harker. 1127 Wilshire Bivd., Tel. MA 6-1271. San Francisco: Ralph W. Harker. 582 Market St., Tel. GArfield 1-2481.
FOREIGN AGENTS: Great Britain: Atlas Publishing and Distributing Co.. Ltd., London E.C.4. Australia: McGill's
Agency, Melbourne. France: Brentano’s. Paris 2e, Helland: Trilectron. Heemstede. Greeee: International Book & News
Agency, Athens. Se. Africa: Central News Agency, Ltd., Johannesburg: Capetown: Durban, Natal. Universal Book
Agency, Johannesburg. Middle East: Steimatzky Middle East Agency. Jerusalem. India: Susil Gupta (Distributors)
Co,, Calcutta. Broadway News Centre. Dadar, Bombay #14. K. L. Kannappa Mudaliar, Madras 2. Parkistan: ’aradlse
Book Stall, Karachi 3.

Editorial and Executive Offices: mEmEER
25 Wesf Broadway New York 7 N Y AUDIT BUREAU OF CIRCULATION
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dry electrolytic

is processed

Fﬂl'ru] |"I.:1'[-‘1I'~| .PF"IP."rl |ﬁ1'"]

FOR 1)
l 85 Ff 85°C.)

OPERATION!

Sprague leads again with
the largest, most complete
line of replacement elec-
trolytic capacitors for tele-
vision receivers. Each type
is engineered especially for
tough video applications
and will stand up under the
high temperatures, high
ripple currents and high
voltage surges encountered
in TV equipment. Every
Sprague TV capacitor rated
at 450 d-c working voltage
or less has been processed for
185°F. (85°C.) operation.
Send postcard for special
TV Bulletin.

RADIO-ELECTRONICS for
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Get
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YOU
Build This

e

Superheterodyne

You receive complete standard equip-
ment, including latest type High-Mu
Tubes, for building various experi-
mental and test units. You progress
step by step until you build a com-
plete Superheterodyne Receiver. It is
yours to use and keep.

YOU RECEIVE THIS
PROFESSIONAL MULTITESTER!

You will use this professional instru-
ment to locate trouble or make
delicate adjustments—at home —on
service calls. You will be proud to
own this valuable equipment. Com-
plete with test leads.

You construct
the Transitron
Signal Genera-
tor shown here.
demonstrating
Transitron prin-
ciples in both

SIGNAL GENERATOR

R.F. and A.F.
stages. You
study negative
type oscillators
at firsthand.

f

AUDIO OSCILLATOR:

An electronic
device, which
produces audio-
frequency sig-
nals for modu- s

lating R.F. (radio frequency) carrier
waves, testing A.F. (audio frequency)
amplifiers, speakers, etc.

T.R.F.
RECEIVER

- You build
several
T.R.F. Re-

ceivers, one

. of which, a 4-

tube set, is shown
here. You learn construction, align-
ment, make receiver tests, and do
trouble shooting.

JANUARY, 1950

RADIO, TELEVISION
and ELECTRONICS

&

Master ALL Phases

GOOD PAY
and Unlimited Opportunities
in JOBS LIKE THESE:

Business of Your Own

Radio Manufacturing, Sales, Service

Broadcasting, Telecasting

Television Manufacturing, Sales, Serv-
ice

Laboratories: Installation, Maintenance

of Electronic Equipment,

Electrolysis, Call Systems

Garages: Auto Radio Sales, Service

Sound Systems and Telephone Com-
panies; QOil Well and Drilling Com-
panies; Engineering Firms

Theatre Sound Systems, Police Radio

And scores of other good jobs
in mcn6 related fields

YOU CONDUCT MANY
EXPERIMENTS LIKE THESE!

Checking action of condensers
Experiments with AF and RF amplifiers
Experiments with resonance
Producing beat frequencies
Calibrating oscillators
Experiments with diode, grid-bias, grid-
leak and infinite impedance detectors
Practical experience in receiver trouble
shooting
Application of visual tester in check-
ing parts and circuits
Experiments with audio oscillators
Advanced trouble-shooting
. and many, many others

Complete Training by Practical
Resident Trade School, Est. 1905

The same highly trained faculty, in-
struction materials and methods used
here in our large, modern resident
school, are adapted to your training
in your own home. Shop Method Home
Training has been proved by hundreds
of successful graduates.

Both Resident and Home Study
Courses Offered

YOU
LEARN BY
DOING

You receive
special labora-
tory experi-
ment lessons
to show you

with your own
hands various

Get Complete Training. You Receive and Keep All
Equipment, Parts and Lessons. No Extra Charges.

NATIONAL SCHOOLS

LOS ANGELES 37, CALIF. - EST. 1905
FIND OUT NOW.. .. MAIL COUPON TODAY

Naticnal Schools, Dept. RE-1
4000 South Figueroa Street
Los Angeles 37, California

Send me your FREE book ‘“Your Future in Radio’”’ and
the sample lesson of your course. I understand no sales-
man will call on me,

You will find all lessons easy to under-
star.d because they are illustrated
throughout with clear diagrams and
step-ty-step examples that you work
out yourself. Every piece of the eqiup-
ment and complete lesson material we
send you is yours to keep and enjoy,
inclucing the multitester, experimental
equipment, all parts of the Superhetero-
dyne, tube manual, radio dictionary,
and complete, modern Television texts.
All parts are standard equipment.

Shop Method Home Training ...

Earn While You Learn

With our practical resident Shop
Method Home Training, you study in
your spare time. You receive Spare
Time Work Lessons, which show you
how to earn while you learn. Service
neighbors’ radios and TV receivers, ap-
pliances, etc., for extra money and ex-
perience. Many National students pay
all or part of their training with spare
time earnings!

DON'T DELAY! The Radio-Television

Industry needs trained men NOW!

For quick action,

APPROVED mail coupon

FOR today and we’ll

VETERANS! rush you full in-
Check coupon below

formation.

Free!

NEW, ILLUSTRATED
OPPORTUNITY
BOOK AND SAMPLE

oA

HOW WE TRAIN
YOU ... SEND FOR
THEM TODAY! NO
COST. NO
OBLIGATION.

Mail in envelope
or paste on
penny postal.

I
|
I
how to build ]
|
|
I
I

experimental NAME e
units such as ADDRESS

those shown at

left, and how cITY ZONE. STATE.

to conduct
many tests. l

www americanradiohistorv com
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 ALL-NEW
1950 MODELS

YOU'LL BE <>’
SOLD ON 9
Place these two new 1950 National
Television receivers side by side with any
other television receiver. Compare the large
(12'2") screen —compare the chassis—
compare the picture quality —compare the
cabinet styling. Because National Television

is custom assembled — not mass-produced —
there just is no comparison! Yet it costs no more.

Model TV 1225

A2 pictuce tube
and a 10" speaker
in a handsome
mahogany console.

$299.95

Model TV-1201

Striking modern
mahogany veneer
table model with
1214" tube and 2
six-inch oval
speakers.

$269.95

(1) Latest fiyback high voltage supply gives clear, bright
pictures even in fringe areas. (2) Automatic frequency

Model TV-10W

* Genvine mahogany
‘table model with 10” screen
and 2 six-inch oval
speakers.

$229.95

Model TV-7W

L] Unbeatable TV dollar
value. 7" screen with twin
speakers. NC enlarging lens
available, $16.95.
$129.95

Model TV-7M

.Metal cabinet version of
TV-7W. ideal as “second
set’’ for playroom, den or

bedroom.
$119.95

control locks picture in place. (3) Exceptionally wide video
band-width for beautiful clarity of detail. (4) Front-of-panel
focus control. (5) Coil switching assures equivalent of
separate, high-Q tuned circuits for each channel. (6) Auto-
matic gain control. (7) 3-stage 37 mc IF minimizes picture
interference caused by other radio services. (8) Double-
tuned RF bandpass circuits improve selectivity and image
ratio. (9) Automatic Station Selector and fine tuning control.

Prices Slightly Higher West of the Rockies

NATIONAL COMPANY, Inc.

MASSACHUSETTS

MALDEN,

RADIO-ELECTRONICS for
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CREI Practical Training Shows You the Way to Greater Earnings in

TELEVISION & FM SERVICING!

ODAY THE CATHODE RAY TUBE can be

the erystal ball that forecasts your future. Is

the picture clear and bright—or is it fuzzy and
out of focus?

Areé yon going to learn mow how to install and
service all types of TV and FM receivers? There
can be no doubt that TV is the important field for
greater earnings: 83 stations on the air (many
more authorized) ; two million new sets in 1949;
twelve million predicted by 1953; practically every
area in the nation soon to be in range of a TV sta-

while servicing today’s intricate TV and FM equip-
ment. It is up to date, constantly revised to cover
new developments as they are adopted by the
industry.

Start your training now and apply your knowledge
immediately. The profitable work, passed up yes-
terday because it was over your head, can be yours
tomorrow. Make this year the turning point in
your TV career! Write today for complete FREE
information. The cost is popular, the terms easy.
(Veterans: CREI training is available under the

tion.

maintaining all these sets.

CREI offers just the specialized training you need.
It’s a streamlined course for the top third of the men
It gives prac-
tical answers to the technical problems you run into

in the field—thorough and complete.

THE THREE BASIC CREl COURSES:

% PRACTICAL RADIO ENGINEERING
Fundamental course in all phases of radio-electronics

% PRACTICAL TELEVISION ENGINEERING
Specialized training for professional radiomen

% TELEVISION AMD FM SERVICING
Streamlined course for men in “top-third”’ of field

ALSO AVAILABLE IN RESIDENCE SCHOOL COURSES

CAPITOL RADIO
ENGINEERING INSTITUTE

An Accredited Technical Institute Founded in 1927
Dept. 141-B, 16th Street & Park Road, N. W.
Washington 10, D. C.

Branch Offices:
New York (T) 170 Broadway @ San Francisco (2) 760 Market St.

JANUARY, 1950

Technicians with specialized TV-FM training
will inevitably have the inside track installing and

G.I. Bill. For most veterans, July 25, 1951 is the
deadline. ACT NOW!)
SAMPLE “Television & FM Trouble Shooting”’

FREE BOOKLET
plus
SAMPLE LESSON

LESSON

servicing problems.
yourself how CREI training can help you.
sample lesson, free booklet and details.

FREE!

devoted to live, “dollar - and - cents”,
practical practice based on day-to-day
Read this interesting lesson! See for
Mail coupon for

CAPITOL RADIO ENGINEERING INSTITUTE
Dept. 141B, T6th & Park Rd., N. W. Washington 10, D. C.
Gentlemen: Send me FREE SAMPLE LESSON and complete
details of the TV and FM Servicing home study course. Also
send brochure that explains the CREI self-improvement
program and gives complete details amd outline of course.
I am attaching a brief resume of my experience, education
and present position.
J TV, FM & ADVANCED AM SERVICING

'hecrf‘;f; [] PRACTICAL TELEVISION ENGINEERING

of ) LJ PRACTICAL RADIO ENGINEERING
Greatest | (] AERONAUTICAL RADIO ENGINEERING
Interest | [] BROADCAST RADIO ENGINEERING (AM, FM, TV)

] RADIO-ELECTRONICS IN INDUSTRY

OTlaMm ENTITLED TO TRAINING UNDER G.I. BILL.
NAME. S AGE__ ..
ADDRESS -

CITY _ ZONE __STATE
[] SEND DETAILS ON RESIDENCE SCHOOL.

www americanradiohistorv com


www.americanradiohistory.com

for engineers,
technicians and
sfudents.

Twmw

16 CORRPLETE TROH

J.,.;.:‘-“E.HF_F.'S

JOLAND & pOYCE,

Now in one great book—all the essential knowledge
of television for laboratory technician—experimenter
—serviceman . . . everyone interested in or working
at television! Complete, up-lo-the-minute informa-
tion arranged for quick reference—easy to read . . .
no mathematics. Over 900 pages . . . more than 800
photographs, diagrams and drawings. Here are some
of the subjects covered: Fundamentals, the TV
station. the receiver, antennas, programming, in-

stallation, service, test eguipment, ss oo

data, terms, etc. etc.

RADIO DATA BOOK

The only radio handbook of its
kind! Covers cverylhmg m Radio
for lab h experi 3
—servicemen—everyone and any-
one! Over 900 pages, 12 big sections
with bundreds of drawings and dia-
grams. Some of the subjects covered
are . . . Testing, Measuring and
Alignment . . . All about Antennas

. Sound Systems . .

. Recording

i)ala . . . Complete Tube Manual
. Charts, Graphs and Curves
. 50 Tested Circuits . . . Codes,

150 Basic Circuits . . ,
etc.. etc.

THE RADIO & TELEVISION LIBRARY

$5.00

Symbols and Standards . . .
Dictionary of Radio Terms . . .

A complete library covering every-
thing in Radio and Television in
over 1800 pages, completely illus-
trated! Two handsomely bound
books (contents described above)
in attractive slip case . . . com-
pact, concise, complete!

Over 1800 Pages $9.00

Coming Soon—

RADIO & TELEVISION MAINTENANCE MAGA-
ZINE'S constructien handbook for the radio tech-
nician. Complete How-To-Do-It information on con-
structing power supplies, test equipment, radio test
and laboratory bench. etc.. etc.

All products of
BOYCE-ROCHE BOOK COMPANY
Montelair 3, N. J.
are available at your
local distributor’s counters. Order now!

BOYCE-ROCHE BOOK COMPANY

. Complete Test Equipment |

!

The Radio Month

DAYTW

\ & musg ’_P/

7
' A CINCINNAT

waEs—

— 1N SERVICE, JANUARY 149
W N SERVICE, MORE CHANNELS ADDED IN W49

— BELL SYSTEM TELEVISION NETWORK ROUTES [= =
————— END OF 1949

O PICK LP POINTS

@ CITHES ON NETWORK, JANUARY 149 = -
A CITES ADDED IN 18 - — =

LONG LINFS INFORMATION DEPARTMENT a%0m.8

Map above shows the spread of television via co-axial cable network routes.

FREE TELEVISION in hotels was in-
stituted last month in the Shelton Ho-
tel, New York. According to William
J. Knott, president of the owner cor-
poration, the hotel is the first to offer
TV to guests without charge. An RCA
master antenna system is used, with
individual antennas for each channel.
The receivers were designed by Ad-
miral and the installation was made by
Tele-Ho-Tele Corp.

THE TELEVISION CONTEST

We received three tentalive entries
in our Simple Television Receiver
Contest (announced in our May,
1949 issue), plus a few drawings and
progress reports from persons who
did not feel their work had reached
the point where an entry would be
possible.

The three entrants were invited
to submit their receivers for inspec-
tion. Only one of them was actually
forwarded, however. While its cir-
cuits were interesting, the picture it
produced was definitely below enter-
tainment level under New York con-
ditions.

We are therefore forced to call
off the contest for lack of suitable
entries.

TVI-BURDENED AMATEURS will be
aided by a new film announced last
month by George Grammer, technical
director of the American Radio Relay
League. The film depicts corrective
measures the amateur may take to
eliminate bad effects on neighboring
TV sets caused by his transmitter. In-
terference from other sources is pic-
tured as well. Distribution will be
through the more than 600 ARRL-
affiliated radio clubs throughout the
country. The film was made entirely
under amateur auspices as part of a
long-term program of cooperation
among viewers, technicians, and ama-
teurs conducted by ARRL.

AUSTRALIAN TELEVISION will op-

erate with a 625-line standard. Under
the present plan, television will be a
government service, with stations to be
erected first in the capital city of each
of the six Australian states.
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VIDEO-BROADCAST FILMS are not
subject to review by a state censor,
according to a decision rendered last
month by the United States District
Court against the Pennsylvania Board
of Censors. Chief Judge William H.
Kirkpatrick ruled that interference by
the state would infringe on interstate
commerce, a field covered by federal
statutes. The ruling means that a film
banned from the local theatres may
still be shown to a much larger audi-
ence via the local television station.
Provided the film is not profane, ob-
scene, or indecent, no legal power ex-
ists to prevent the station from show-
ing it, since federal law does not per-
mit censorship.

HUGE RADAR CHAIN is being
built by Canada, the government an-
nounced last month. The system will
give warning against a possible attack
by air against Canada’s principal cit-
ies and on other important targets. The
stations are expected to cost between
2.5 and 3.5 million dollars each.

BRITISH TELEVISION transmitting
equipment is now being offered for sale
to American television stations. Dem-
onstrations of cameras, control equip-
ment, and film projectors made by
Pye, Ltd., were held in three major
American cities last month. The equip-
ment is made to RMA standards. B. J.
Edwards, technical director of the Brit-
ish company, said that the firm wished
to get the orders of the small portion
of the market which cannot be served
by American producers because of the
large demand.

MOST POWERFUL RADIO in the
world will be built by the U. S. Navy,
according to a recent Defense Depart-
ment announcement. Situated at Jim
Creek, Wash., it will use its 1- -mega-
watt output on low frequencies prin-
cipally to send weather information to
Navy units and installations through-
out the Pacific area. The antenna will
be suspended from one mountain top
to another.

RADIO-ELECTRONICS for
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ELECTRONIC SIGHT may be a re-
ality some day for the blind, reported
Prof. Wendell J. 8. Krieg of North-
western University Medical School
last month. Electrodes placed in or on
the brain may be able to stimulate the
motor points of muscles to make the
lame walk and the seeing and hearing
points to make the blind see and the
deaf hear. To create sight the elec-
trodes would have to be distributed in
a prearranged pattern and some scan-
ning method similar to that used in
television probably would be necessary.
It was emphasized that much remains
to be done in basic research on the
subject but that essentially the realiza-
tion of practical results will merely be
a technological step which, however,
may take several years.

TRANSIT RADIO was called “an im-
moral, unwarranted invasion of per-
sonal liberty and privacy” last month
in Washington, D. C,, by R. A. Seeling,
president of the local Transit Riders
Association. The Public Utilities Com-
mission was holding a hearing on radio
receivers in trolleys and buses, which
now operate under an arrangement
with WWDC, a Washington radio sta-
tion. A canvass of bus riders revealed
mixed, but very much less strong,
reactions.

WEATHER FORECASTS will be
made with the aid of radar, the Army
Signal Corps announced last month.
A new radar station located at Fort
Monmouth, N. J., will be able to pre-
dict the arrival of storms six to eight
hours in advance. The equipment con-
sists of a steel tower for the antenna
and a ground building to house the
storm detector scope and the remain-
der of the equipment.

E. E. SHUMAKER, former president
of RCA Victor, died at his home in
Merchantville, N. J., on November 2.
At the time of his death he was vice-
president of Electrical Research Prod-
uets Co. and head of ERPI Classroom
Films, Inc., both Western Electric sub-
sidiaries. He was president of Victor
Talking Machine Co. in 1930 when it
merged with RCA and continued with
the new company until 1932.

GUIDED MISSILES have been fired
“by the scores,” the Air Force an-
nounced last month after two years of
secrecy. Two kinds of rockets are be-
ing used, the “GAPA,” which is fired
from the ground, dnd the “Firebird,”
designed to be launched from a plane
to attack another aircraft. The mis-
siles are being fired at Alamogordo,
N. M. They are faster than the speed
of sound and are radio-controlled. An
Air Force spokesman said that this
type of weapon was the “only foresee-
able defense against the atomic bomb.”
W. E. Beall, vice-president of Boeing
Aireraft, which makes the “GAPA)”’
said that the developments might have
far-reaching effects on future peace-
purpose aireraft.
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The Radio Month

- the field and may be willing to set

INSURED SERVICE POLICIES are |
now available to television service or-
ganizations, it was announced last
month by M. C. Feldman & Co., New
York insurance brokers. The dealer or
service organization may issue renewal
policies to set owners. The policies are
insured to protect the customers, and
the dealer pays the insurance company
for each contract. The company re-
quires the dealer to deposit 70% of his
receipts from contracts in an escrow
bank account, from which the bank
usually turns back one twelfth of the
amount per month. Careful scrutinies
and continuing surveillance of the
dealer’s financial status are made by
the insurer. The present arrangement
does not take in small dealers and serv-
ice companies, as the insurer requires
a minimum of 500 policies. However,
other insurance companies may enter

smaller minimums.

m—

DR. FRANK BALDWIN JEWETT,
former president and chairman of
the board of Bell Telephone Labora-
tories, died on
November 18 at
the age of 70.
For more than
40 years he had
been an out-
standing inven- | |
tor and research- [
er for A. T. & T.
and its affiliates.

Dr. Jewett
joined the. company’s engineering
staff in 1904 and subsequently be-
came chief engineer, then a vice-
president of A. T. & T. and of West-
f ern Electric. From 1925 to 1940 he
served as president of Bell Tele-
phone Laboratories and as board
chairman from 1940 to 1944, when
he retired. From 1939 to 1947 he
headed the National Academy of
Sciences, the first engineer ever to
be elected its president. Dr. Jewett
had just been awarded the 1950
medal of the Industrial Research
Institute, Inec. |
e e L R W e T S 1t

FELLOWSHIPS for graduate and in-
ternships for undergraduate students
are offered by the Bureau of Standards
to outstanding students. The Bureau’s
program permits the student to alter-
nate periods of full-time study with
practical experience in his chosen field.

TWO BEVATRONS, the world’s most
powerful atom smashers, have been
ordered by the Atomic Energy Com-
mission, it was announced last month.
The magnets alone will have a 110-
foot diameter and the accelerating
chamber will be 400 feet around. One
of the machines will be installed at the
University of California radiation lab-
oratory and the other at Brookhaven
National Laboratory.

FIRE broke out last month in the
Washington offices of the FCC result-
ing in the destruction of many docu-
ments. The fire was in the top three
stories of the building.
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Amencan

Beaut

ELECTRIC SOLDERING
IRONS

are sturdily built for the
hard usage of industrial
service. Have plug
type tips and are con-
structed on the unit
system with each
vital part, such as

heating element,

easily removable
and replace-
able. In 5
sizes, from 50
watts to 550
watts.

TEMPERATURE
REGULATING
STAND

This is a thermo-
statically con-
trolled device for
the regulation of
the temperature 1
of an electric soldering
iron. When placed on
and connected to this
stand, iron may be moin-
tained at working tem-
peroture or through ad-
justment on boftom of
stand at low or warm
temperatures.

For descriptive literature write

AMERICAN ELECTRICAL

HEATER COMPANY
DETROIT 2, MICH., U.S. A.
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POWER-
PACKED

&

5-SECOND
HEATING

RIGID-TIP

DUAL HEAT

—single heat
200 watts,
dual heat
200/250 watts;,
115 volts,
60 cycles

New WELL
250-wait
Soldering Gun

% S

Heavy jobs and light jobs—the new 250-

watt Weller Soldering Gun speeds them
all. Chisel-shaped R%CID-TIE’ provides
more soldering area for faster heat trans-
fer.New “over-and-under” terminal design
gives bracing action to tip. Your Weller
Gun' does delicate or heavy soldering
with equal efficiency; compact and light-
weight, it gets into the tightest spots.

Weller Guns actually pay for them-
selves in a few months. Fast 5 second
heating means no time lost. Trigger-
switch control means ne. current wasted
—no need to unplug gun between jobs.
Prefocused spotlight and longer length
let you see the job and reach theﬂjob
with ease. No other soldering tool offers
so many time-and- money-saving
features. Order your new 250-watt
Weller Gun from your distributor to-
day, or write for bulletin direct.

SOLDERING GUIDE
Get your copy of "SOLDER-
ING TIPS"—new fully illus-
trated 20 page booklet of
practical soldering sug-
gestions. Price 10c at
your distributor's or
order direct.

ELLER
MANUFACTURING COMPANY

828 Packer Street, Easton, Pa.

Radio Corp. of America reported in
a consolidated statement of income for
the third quarter of 1949 and the first
nine months of the year, with compar-
ative figures for the corresponding pe-
riod of 1948, as follows:

Total gross income from all sources
amounted to $275,673,666 in the first
nine months of 1949, compared with
$256,968,637 in the same period of
1948, an increase of $18,705,129.

Net income, after all charges and
taxes, was $14,095,186 for the first

nine months of 1949, compared with-

$15,128,783 in 1948.

After payment of preferred divi-
dends, net earnings applicable to the
common stock for the first nine months
of 1949 were 84%¢ per share, com-
pared with 92¢ per share in the first
nine months of 1948, a decrease of
$1,033,5917.

Motorola, Inc., Chicago, reported
sales of $51,795,564 for the first nine
months of 1949, against $39,848,775 for
the same period of 1948. Net profit for
the 1949 period amounted to $2,672,613,
equal to $3.34 a share, compared with
$2,215,914, or $2.77 a share, last year.

Net profit for the third quarter of
the current year amounted to $764,377,
or 96¢ a share, in sales of $17,973,196,
against a net profit of $565,874, or Tlc
a share in sales.of $12,930,235, a year
before.

Electro Products Laboratories, Inc.,
has moved to its new plant at 4501 N.
Ravenswood Avenue, Chicago, Ill.

These pioneer manufacturers of Elec-
tro battery eliminators for radios have
recently introduced a new-type, d.c.
power supply with conduction cooling.
Expanded production facilities also offer
improved delivery on the Pressuregraph
and Syncromarker for accurate meas-
urement and recording of dynamic and
static pressures in engines and pumps,
and the Dynamic Micrometer for ac-
curately measuring dynamic or static
displacement vibration or movement of
any metal body.

Raytheon Mfg. Co. has transferred
the merchandising of Raytheon mobile
radiophones from its Belmont Radio
Division, Chicago, to Raytheon’s main
plant at Waltham, Mass. The entire
mobile radiophone operation will be un-
der the direction of Ray C. ELLISs, vice
president in charge of Raytheon’s
Equipment Sales Division. Production
and service will - continue at the Chi-
cago plant until the equipment is in
full production at Waltham. Delivery
schedules and full service to all cus-
tomers will be assured during the
transfer period.

Although this move was planned sev-
eral months ago, recent developments
have proved that it will be most
advantageous for both Raytheon and
users of the equipment. Belmont Radio
can now concentrate on the manufac-
ture of its 1950 line of television re-
ceivers. Also, during recent months,
Raytheon has expended over $1 million
in improving its engineering, produc-
tion, and testing facilities at the Wal-
tham location.
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Radio Business

International Resistance Co. of Phil-
adelphia, played host to 65 sales rep-
resentatives at a three-day sales con-
ference in Hershey, Pa. By car, train,
and plane, sales representatives from
Canada and all over the United States
journeyed to the Chocolate Town’s fa-
mous Hershey Hotel for fun, games,
and a thorough indoctrination in IRC’s
new products and sales plans.

Following the three-day conference,
the entire conclave traveled by special
bus to the IRC factory in Philadelphia
for luncheon and a guided tour of the
plant. Final activity of the sales ses-
sion was a farewell party in Philadel-
phia’s Broadwood Hotel.

Sylvania Television expanded to
Western video markets with appoint-
ments of distributors in six major cit-
ies. C. K. “LARRY” BAGG, sales manager,
started a Western business tour to set
up distributorships in Los Angeles,
San Francisco, Denver, Salt Lake City,
Portland, and Seattle. More than 15
Eastern cities already have Sylvania
distributors.

Sylvania Television sets are manu-
factured by Colonial Radio Corp., Buf-
falo, a wholly owned subsidiary of Syl-
vania Eleetric Products, Inc., New
York. Nine Sylvania models in 10-,
121%-, and 16-inch table, console, and
console combinations, the latter with
three-speed record changers, all with
built-in antennas, were already intro-
duced in all the important east-coast
television markets.

The Parts Distributors Show of 1950
announces that the show will be held
on May 23, 24, and 25 at the Stevens
Hotel in Chiecago.

Show Manager PRINCE emphasized
that there is to be no exclusive time in
Exhibition Hall for any one group of
distributors and that the hall is to be
open from 10 am to 6 pm for all dis-
tributors who do business with exhib-
itor companies.

In keeping with show regulations,
service technicians, hams, and the gen-
eral public will not be admitted to the
exhibition.

Emphasis at this year’s show will
be on a comprehensive educational pro-
gram for radio parts distributors, in-
cluding seminars and discussion ses-
sions on such subjects of jobber inter-
est, ways and means of stimulating
sales, market research, cost accounting,
and inventory control.

Radio Inventions, Inc., has an-
nounced that its president, JoHN V. L.
HoGaN, has moved his office from 730
Fifth Avenue to 155 Perry Street, New
York, and is devoting his full time and
energy to the supervision of research
and development work. To identify all
the activities of the organization as
closely as possible with him, the name
of the corporation was changed as of
September 21, 1949, to Hogan Labora-
tories, Ine. Personnel, location, tele-
phone numbers, and corporate organi-
zation all remain just as they were
before.

RADIO-ELECTRONICS for
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7% Only DTI.

offers you the

"BIG 5"

TELEVISION

. RADIO-ELECTRONICS
1" : ._ Ty » ¥ Laboratory Type

Build and Keep 10, 12% or 16 inch Picture Tube Quality
TELEVISION RECEIVER as you prepare for a Profitable Future K

Sy

2 Youl;orn-By-Do-
ing from J.T.l's

==

Here is everything you need to prepare you at home for
FASCINATING WORK, GOOD MONEY and a THRILLING
FUTURE in one of America's most promising fields.

This includes the opportunity to build and <eep the top :
/ quality Television Receiver shown above—with choice of L 2% "—‘d -
. al0,12% or ].6 inch picture tube that gives big, 'br‘lght, I:;:" éer";"s :AYOR;"’ J 9:3_1"
sharp, steady pictures. Get the complete facts. This is an ERN LESSONS 1
optional feature — available when you complete your
training described below. See how D.T.l.'s wonderfully
practical *'BIG 5" method meets industry’s needs. No
previous experience needed. Mail coupon today!

16 Big Shipments of Parts — Plus Lessons

Work over 300 electronic experiments and projects from
16 big shipments of parts. This includes building and
keeping all test equipment and radio set shown at left
side of page. Modern easy-to-read lessons with handy
fold-out diagrams simplifies your entire training.

You Also Use Home Movies

»»»»» : : . D.T.1., alone, includes the modern, visual training
S aid . . . MOVIES to help you learn faster, easier
at home. See electrons on the march and other
fascinating "'hidden action—a remarkable home
training advantage that speeds your progress.

EMPLOYMENT SERVICE

When you complete your training, our effective
Employment Service helps you get started toward

=1 a real future in Television-Radio-Electronics. % A _
"Bl Modern Laboratories . Y
If you prefer, you can get ALl your &MA'L %%TH IS @C

Mol = =5 ¥

] preparation in our new, Chicago train-
1 ing laboratories . . .
one of the finest of

6 Tube its kind. Ample in-
H structors .., modern
-Radio equipment, -Write

Recejver for detailsl

\ Yos learn-by-Seeing
N R fram D.T.l.'s HOME
W\

UPON

DeFOREST'S TRAINING, INC.
2533 North Ashland Avenue, pept. RC.G.1.
Chicaco 14, lllinois.

Without okligation, give me complete facts showing how | may
make my stort in Television-Radio-Electronics.

REST’S TRAINING, INC. |

Name Age
Chicago 14, lllinois Street _ Apt
A DeVry Institution City ____ 7Zone____State

JANUARY, 6 1950
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BELL TELEPHONE LABORATORIES
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our telephone uses

ceramics, too!

Five thousand years ago, potters were
making household vessels of clay. As
skill grew, grace of shape and orna-
ment were added. The beauty of fine
china has been recognized by every
civilization, while the availability, ease
of manufacture and durability of other
ceramics have given them wide use.

Your telephone, too, uses ceramics.
Behind its dial is a metal plate, glazed
as carefully and in much the same
manner as this fine piece of pottery.
It carries the letters and numbers you
dial, so it must resist both fading and
abrasion. You will find other ceramics
as insulators, supporting wires on pole
lines; in eighty thousand miles of
underground conduit, where fired clays
defy decay and corrosion.

Today at Bell Telephone Laborato-
ries scientists utilize ceramics in ways
undreamed of in ancient times. Therm-
istors, made of a ceramic, provide auto-
matic controls for electric current, to
offset fluctuations in temperature and
voltage. One kind of ceramic makes
low-loss insulation at high frequen-
cies, while another supplies controlled
attenuation for microwaves traveling
in waveguides.

Each use demands a special compo-
sition, scientifically controlled and
processed. Basic studies in the chem-
istry and physics of ceramics have
shown how to utilize their versatile
properties in electrical communica-
tion. And research continues on
ceramic materials as well as on every
other material which promises better
and cheaper telephone service.

EXPLORING AND INVENTING, DEVISING AND
PERFECTING, FOR CONTINUED IMPROVEMENTS
AND ECONOMIES IN TELEPHONE SERVICE.

RADIO-ELECTRONICS for
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MODERN STYLING

Heathkits have brought a new con-
ception of beauty to laboratories and
service benches.

Many organizations have standard-
ized on Heathkits to make their shops
appear attractive and uniform.

The panels are produced in grey and
maroon and the modern streamline
aluminum handles give the instruments
a pleasant, professional appearance.

There is no waste space or false
effort to appear large in Heathkits —
space on service benches is at a premi-
um and the size of Heathkit instruments
is kept as small as is consistent with
good engineering design.

COMPLETE KITS

When you receive your Heathkit,
you are assured of every necessary
part for the proper operation of the
instrument.

Beautiful cabinets, handles, two-
color panels, all tubes, test leads
where they are a necessary part of
the instrument, quality rubber line
cords and plugs, rubber feet for each
instrument, all scales and dials ready
printed and calibrated. Every Heath-
kit is Y10V 60 cy. power transformer
operated by a husky transformer es-

-pecially designed for the job.

BEST OF PARTS

You will find many famous names
on the parts in your Heathkit. Mal-
lory switches and filter condensers,
Chicago Transformer Corporation
and, Electrical Assembly Transform-
ers, Centralab Potentiometers. Bel-
den Cable, IRC and Allen Bradley
resistors, G.E. tubes, Cinch and
Amphenol sockets with silver plated
contacts, Defiance variable conden-
sers, Eby binding post and many
other quality parts. The finest of
parts are used to assure long
trouble-free service from Heathkits.

LARGE
EASILY READ

PRECISION PARTS

Wherever required, the finest
quality 1% ceramic resistors are
supplied. These require no aging
and do not shift. No matching of
common resistors is required. You
find in Heathkit the same quality
voltage divider resistors as in the
most expensive equipment.

The transformers are designed
especially for the Heathkit unit. The
scope transformer has two electro-
static shields to prevent interaction
of AC fields.

These transformers are built by
several of the finest transformer
companies in the United States.

COMPLETE

INSTRUCTION MANUALS

Everyone is pleased at the thor-

CALIBRATIONS

No .charts or calculations are
necessary to use any Heathkit prop-
erly. Alr scales are simply and
plainly marked.

The operator instantly knows the
proper use of the instrument and
can proceed confidently. No multi-
plication is required as each scale
is calibrated independently of the
others.

ough instructions covering the as-
sembly of each Heathkit instrument,
Every detail of the assembly is
covered, together with sections on
the wuse o? the instrument and
trouble shooting instructions in case
of difficulty. Actual photos of the
assembled instrument enable fast
and accurate assembly, clear sche-
matics and pictorial diagrams of
the confusing parts such as rotary
switches, enable the wiring to be

KITS THAT FIT

Heathkit chassis are precision punched
to fit the quality parts supplied. The
grey crackle aluminum cabinet and the
two-color panels are die punched to
assure proper fitting.

Many builders have written marvel-
ing at the ease with which assembly
can be accomplished.

The chassis are specially engineered
for easy assembly and wiring — there
are na small, tight corners which can-
not be reached—the ends of the chassis
are left open in order that installation
of parts and soldering can be done
with both hands.

IDEAL FOR SCHOOLS

Heathkits have been adopted as
standard equipment of many of the
largest universities and colleges.
The low cost plus the fact that the
students learn by actual assembly
make them ideal training mediums.
Many high schools and small col-
leges are finding that they too can
have a modern physics and elec-
tronics laboratory gy using Heathkits.

Some of the largest technical
schools recommend Heathkits to their
students as the best means of se-
curing the necessary equipment to
start their own shops.

completed quickly.

EXPORT DEPT.

13 East 40th St.
NEW YORK CITY (

), MICHIG?

www americanradiohistorv com
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ARE LABORATORY

ENGINEERED ...

the most

) n one of , srunent
5 " meered im0 or ins
eathkils a7¢ £08 lab"'“m'zfed States-

& ped |
comP'e’fi':vilqt;Zgﬁm in the Un

% NEW V-4 ealthkit

VACUUM TUBE VOLTMETER KIT
Peaturnes

@ Meter scale 17% longer than average @ Accessory probes (extra) extend ranges to
412" meter. 10,000 Volts and 100 Megacycles.
® Modern streamline 200 va meter, ® Uses 1% precision ceramic divider resistors,
@ New modern streamline styling.. ® Modern push-pull electronic voltmeter
@ Burn-out proof meter circuit. cireuit,
® 24 Complete ranges. @ Electronic AC circuit. No current drawing
@ lIsolated probe for dynamic testing. rectifiers.
® Most beautiful VIVM in America. @ Shatterproof plastic meter face. b

The new Heathkit Model V-4 Vacuum Tube Voltmeter has dozens of improvements. A new modern
streamlined 200 microampere meter has Alnico V magnet for fast, accurate readings. The new
electronic AC voltmeter circuit incorporates an entire new balance control which eliminates contact
potential and provides greater accuracy. New simplified switches for quicker assembly. New snap-in
battery mounting is on the chassis for easy replacement.

The Heathkit VIVM is the only kit giving all the ranges. Check them — DC and AC full
scale linear ranges of 0-3V, 0-10V, 0-30V, 0-100V, 0-300V, 0-1000V and can be extended to
0-3000V and 0-10,000V DC with accessory probe at slight extra cost. Electronic ohmmeter has six

ranges measuring resistance accurately from .1 ohm to one billion ohms. Meter pointer can be offset
to zero center for FM alignment. 5

The DC probe is isolated for dynamic measurements. Has db scale for making gain and other
audio measurements. .

The new instruction manual features pictorial diagrams and step-by-step instructions for easy
assembly. The Heathkit VIVM is complete with every part— 110V transformer operated with
test leads, tubes, light aluminum cabinet for portability, giant 444" 200 microamp meter and
complete tnstruction manual.

Shipping weight 8 Ibs., Model V-4

Order now and enjoy it this entire season.
THE FINEST VTIVM KIT AVAILAELE

FOR THIS PRICE.

Accessory: 10,000V high voltage probe, No. 310, $4.50.

Accessory: RF crystal diode probe kit extends RF range
to 100 Mc., No. 309, $6.50.

Hew Heatttlct
HANDITESTER KIT

Featurnes

Beautiful streamline Bakelite
case.

AC and DC ranges to 5,000
Volts.

1% Precision ceramic resistors.
Convenient thumb type adjust
control.

400 Microampere meter
movement.

Quuli'r Bradley AC rectifier.
Multiplying type ohms ranges.
All the convenient ranges 10-30-
300-1,000-5,000 Volts.

@ Large quality 3” built-in meter.
A precision portable volt-chm-milli-
ammeter. An ideal instrument for
students, radio service, experi-
menters, hobbyists, electricians,
mechanics, etc. Rugged 400 ua
meter movement. Twelve complete

B -
ranges, precision dividers for accu- i ik ¢
racy. Easily assembled from com- v, Heaink i
plete instructions and pictorial dia- ACUuMm Tuge VOLTMET
grams. An hour of assembly saves AT R4
[ ]

one-half the cost. Order today. exT08 HaneSOMawy
Model M-1. Shipping wgt., 2 Ibs. ieg ey

LSS

EXPORT DEPT.

13 East 40th St.
NEW YORK CITY (16)

CABLE: ARLAB-N.Y.

The HEATH COMPANY
... BENTON HARBOR 20, MICHIGAN

RADIO-ELECTRONICS for
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TEST INSTRUMENT KITS

Heatlbil”

’ 0%@ PUSH-PULL EXTENDED RANGE

$ 50 5"OSCILLOSCOPE KIT
y 39"

Peatunes

@ The first truly television escilloscope.
@ Tremendous sensitivity .06 Volt RMS periinch deflection,
vy ° Puslfl-'i:nfall vertical and horiu‘v/nuﬂ umplif@rs.
| — e e 2, @ Useful frequency range to 2V/2 Megacycles,
4 = wea“‘h%‘géé;‘a “ @ Extended sweep range 15 cycies to 70,000 cycles.
- ; OSCLL‘J:; o5 | @ New television type mulivibrator sweep generator,
(@ YRR et 1 ® New magnetic arloy shield included.
< ll @ Still the amazing price of $39.50.

7~ ‘ The new 1950 Push-Pull 5” Oscilloscope has features that seem

$ impossible in a $39.50 oscilloscope. Think of it — push.pull
{ vertical and horizontal amplifiers with tremendous sensitivity only
six one-hundredths of a volt required for full inch of deflection.
The weak impulses of television can be boosted to full size on the
five-inch screen. Traces you couldn’t see before. Amazing frequency
range, clear, useful response at 214 Megacycles made possible by
improved push-pull amplifiers. Only Heathkic Oscilloscopes have
the frequency range required for, television. New type multi-
vibrator sweep generator with more thaa twice the frequency range,
15 cycles to 70,000 cycles will actually synchronize with 250,000
cycle signal. Dual positioning controls will move trace over any
section of the screen for observation of any part. New magnetic
alloy CRB. tube shield protects the instrument from outside helds.
All the same high quality parts, cased eleccrostatically shielded
power tiansformer, aluminum cabinet, all tubes and parts. New
Instruction manual now has complete step-by-step pictorials for
easiest assembly. Shipping weight, 25 1bs. Model O-5

3
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ELECTRONIC
SWITCH KIT

DOUBLE THE UTILITY OF ANY SCOPE

An electronic switch used with any oscilloscope provides two
separately controllable traces on the screen. Each trace is con-
trolled .independently and the position of the traces may be
varied. The input and output traces of an amplifier may be ob-
served one above the other or one directly over the other illus-
trating perfealy any change occuring in the amplifier. Dis-
tortion-phase shift and other defects show up instandy, 110V.
60 cycle transformer operated. Uses 5 tubes (1 6X5, 2 6SN7's. el Meoﬁf = .

2 6S]7's). Has indivdual gain controls, positioning control and gl ELEC TR.ONIC SWITCH
coarse and fine switching rate controls. The cabinet and panel on e e Tanron wakook Ol AN
match all other Heathkits. Every part supplied including de-

tailed instructions for assembly and use. Shipping weight 11
1bs. Model S-1

Cometer munr
™ s s
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eew 71950 VERNIER TUNING RF

Heathc?”" SIGNAL
GENERATOR KIT

Deatures

® New 5-to-1 ratio vernier @ 400 cycle audio available
tuning for ease and accuracy. for audio testing.

® New external modulation ® Most modern type R.F. 0 g (¥ 2O T 9
switch — use it for fidelity ascillator. S AU ey
testing. ® New precision coils for

® Covers 150 Kc. to 34 Mc. on greater output. e s
fundamentals and calibrated @ Cathode follower output for ‘\\\'\”
strong harmonics to 102 Mc. greatest stability. ' P SRR

The most popular signal generator kit has been vastly improved — the experience of F
thousands combined to give you the best. Check the features .in this fine generator and
consider the low price $19.50. A best buy for any shop, yet inexpensive enough for
hobbyists. Everyone can have an accurate controlled source of R.F. signal voltage.

The new features double the value — think of being able to make fidelity checks on
receivers by inseriing a variable audio signal. Internal 400 cycle saw-tooth audio oscillator
modulates R.F. signal and is available externally for audio testing. The new 5-to-1 ratio
vernier drive gives hairline tuning for maximum accuracy in scale settings. The coils are
already precision wound and calibrated. Uses turret type coil and switch assembly for ease
of construction. The generator is 110V. 60 cycle transformer operated and comes complete
in every detail — cabinet, tubes, beautiful two color calibrated panel and all small parts —
new step-by-step pictorial diagrams and complete instruction manual make assembly a cinch
even for novices. Why try to get along without a signal generator when you can have the
kes(d i’o(r; ;ess than a twenty-dollar bill. Better order it now. Shipping weight, 7 lbs.

fodel G-5.

SINE AND SQUARE WAVE
AUDIO GENERATOR KIT

Experimenters and servicemen working with a square wave for
the first time invariably wonder why it was not introduced
before. The characteristics of an amplifier can be determined
in seconds compared to several hours of tedious plotting using
older methods. Stage by stage, amplifier testing is as easy as
signal tracing. The low distortion (less than 1% ) and linear
output (+ one db) make this Heathkit equal or superior to
factory built equipment selling for three or four times its price.

“ The circuit is the popular RC tuning circuit using a four gang

! ;a(l)rigble corlmdenser. Thr::iedrabnges l20-200, 2%0-%,0}(1)0, 2,000-

E. [ ,000 cycles are provided by selector switch. Either sine or

AU [%%ATOR 1 square waves instantly available at slide switch. All components
SINE AND SQUARE WAVE are of highest quality, cased 110V. 60 cycle power transformer.
mopEL @2 Mallory F.P. filter condensers, 5 tubes, calibrated two-color

o panel, grey crackle aluminum cabinet. The detailed instructions

o WERTR COLR S, make assembly an interesting and instructive few hours. Ship-

BEnTON HARBOR,

ping weight, 12 lbs. Model G-2.
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BATTERY
ELIMINATOR KIT

Now a bench 6 Volt pcwer supply kit for all auto radio
testing. Supplies 5 - 714 Volts at 10 Amperes continuous
or 15 Ampercs intermittent. A well filtered rugged power
supply, uses heavy duty selenium rectifier, choke input filter
with 4,000 MFD of electrolytic filter. 0 - 15 Volt meter
indicates output. Output variable in eight steps. Excellent
for demonstrating auto radios. Ideal for servicing — can
be lowered to find sticky vibrators or stepped up to equiva-
lent of generator overload — easily constructed in less than
two hours. Complete in every respect. Shipping wgt., 19 lbs.

Model BE-1

7lothing ELSE TO BUY

Deartures

. Measures each element individually.

. Has gear driven roller chart.

. Has lever switching for speed.

. Complete range of filament voltages,

. Uses latest type lever switches,

. Uses beautiful shatterproof full view meter.
. Large size 11" x 14” x 4” complete.

. Checks new 9 pin miniatures.

VB NG A WN -

Check the features and you will realize that this Heathkit has
all the features you want. Speed, simplicity, beauty, protection
against obsolescence. The most modern type of tester — meas-
ures each element — beautiful Bad-Good scale, high quality
meter — the best of parts — rugged oversize 110V, 60 cycle
power transformer — finest of Mallory switches — Centralab
controls — quality wood cabinet — complete set of sockets for
all type tubes including blank spare for future types — fast
action gear driven roller chart uses brass gears to quickly locate
and set up any type tube. Simplified switching cuts necessary
tilne to minimum and saves valuable service time. Short and
open element check. No matter what arrangement of tube
clements, the Heathkit flexible switching arrangement easily
handles it. Order your Heathkit Tube Checker today. See for
yourself that Heath again saves you two-thirds and yet retains
all the quality — this tube checker will pay for itself in a few
weeks — better build it now.

Complete with detailed instructions, all parts, cabinet, roller
chart, ready to wire up and operate. Shipping weight, 12 lbs,
Model TC-1.

WEQtA_ AL
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M EQray
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TELEVISION ALIGNMENT

GENERATOR KIT

Everything you want in a television alignment generator. A wide band
sweep generator covering all TV frequencies 0 to 46 — 54 to 100 —
174 to 220 Megacycles, a marker indicator covering 19 to 42 Mega-
cycles, AM modulation for RF alignment — variable calibrated sweep
width 0-30 Mc. — mechanical driven inductive sweep. Husky 110V.
60 cycle power transformer operated — Step type output attentuator
with 10,000 to 1 range — high output on all ranges —.band switch-
ing for each range — vernier driven main calibrated dial with over
45 inches of calibration — vernier driven calibrated indicator marker
tuning. Large grey crackle cabinet 1614” x 103" x 7-3/16". Phase
control for single trace adjustment. Uses three high frequency triodes
plus SY3 rectifier — split stator tuning condensers for greater effi-
ciency and accuracy at high frequencies — this Heathkit is complete
and adequate for every alignment need and is-supplied with every part
— cabinet, calibrated panel, all coils and condensers wound, calibrated
and adjusted, tubes, transformer, test leads — every part with instruc-
tion manual for assembly and use. Actually three instruments in one
— TV sweep generator— TV .AM generator and TV marker indicator.

W Hea:; A
EVision ALIGNME;\SJ:I"A GENERATOR

Shipping weight 20 Ibs.
Model TS-1A

Shipping weight 15 Ibs.
Model 1B-1

IMPEDANCE
BRIDGE KIT

A LABORATORY INSTRUMENT NOW WITHIN
THE PRICE RANGE OF ALL

Measures inductance from 10 microhenries to 100 henries capaci-
tance from .00001 MFD. to 100 MFD. Resistance from .01 ohms to
10 megohms. Dissipation factor from .001 two 1. "Q" from 1
to 1000.

Ideal for schools, laboratories, service shops, serious experi-
menters.

An impedance bridge for everyone — the most useful instru-
ment of all, which heretofore has been out of the price range of
serious experimenters and service shops. Now at the lowest price
possible. All highest quality parts. General Radio main calibrated
control. General Radio 1000 cycle hummer. Mallory ceramic
switches with 60 degree indexing — 200 microamp zero center
galvanometer — 15 of 195 ceramic non-inductive decade resistors.
Professional type binding posts with standard 34" centers. Beautiful
birch cabinet. Directly calibrated "Q'' and dissipation factor scales.
Ready cailbrated capacity and inductance standards of Silver Mica,
accurate to V2 of 19, and with dissipation factors of less than 30
parts in one million. Provisions on panel for external generator and
detector. Measure all your unknowns the way laboratories do — with

713

: s BRIDGE | a bridge for accuracy and speed.
HeathRil M/\E‘EP"NCE Internal 6 Volt battery for resistance and hummer operation.
~ o p IS Circuit utilizes Wheatstone, Hay and Maxwell circuits for different
Cs  nf olnaon, mmeann measurements. Supplied complete with every quality part—all

“aenTON HA®

calibrations completed and instruction manual for assembly and use.
Deliveries are limited.
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SIGNAL TRACER AND
UNIVERSAL TEST SPEAKER KIT

The popular Heathkit Signal Tracer has 10w been com-
bined with a universal test speaker at no increzse in price.
The same high quality tracer follows signzl from antenna
to speaker, locates intermittents, defective parts quicker,
saves valuable service time, gives greater inaome per service
ot o hour. Works equally well on broadcast, FM or TV re-
T ceivers. The test speaker has assortment of switching ranges
to match push-pull or single output impedance. Also tests
microphones, pickups, PA systems; comes complete —
cabinet, 110V. 60 cycle power transformer, tubes, test
probe — all parts and detailed instructions for assembly
and use. Shipping Wt., 8 lbs, Model T-2.

CONDENSER
CHECKER KIT

) W y 7/5 3
Peatures | Ik | Lo CONDENsER Chee

I
1
HECKER ‘(
¥
I

® Power factor scale ® Bridge type circuit e %fr::"
® Measures resistance ® Magic eye indicator
® Measures leakage ® 110V. transformer operated
® Checks paper-mica-electrolytics ® Al! scales on panel
Checks all types of condensers, paper-mica-electrolytic-
ceramic over a range of .00001 MFD. to 1000 MFD. All
on readable scales that are read direct from the panel.
NO CHARTS OR MULTIPLIERS NECESSARY. A
condenser checker anyone can read without a college
education. A leakage test and polarizing voltage for 20
to 500 volts provided. Measures power factor of elec-
trolytics between 0% and 509%. 110V. 60 cycle trans-
former operated complete with rectifier and magic eye
tubes, cabinet, calibrated panel, test leads and all other
parts. Clear detailed instruction for assembly and use.
Why guess at the quality and capacity of a condenser
when you can know for less than a twenty dollar bill.
Shipping weight, 7 Ibs. Model -C-2.

” Comaany
NAABOR, Micwrcan

—
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BROADCAST MODEL BR-1
550 to 1600 Kc.

$s1959

1deal AC operated superheterodyne receiver for home use or replacement in
console cabinet. Comes complete with attractive metal panel for cabinet
mounting. Modern circuit uses 12K8 converter, 12SH7 input IF stage, 12C8
output 1F stage and first audio 12A6 beam power output stage, 5Y3 rectifier.
Excellent sensitivity for distant reception with selectivity which effectively
separates adjacent stations.

The husky 110 V. cased power transformer is conservatively rated for long life.

The illuminated six inch slide rule dial is accuracely calibrated for DX recep-
tion. Enjoy the pleasure of assembling your own fine home receiver. Has tone,
volume, tuning and phono-radio controls. Chassis size 214” x 7" x 1215”
Comes complete with all parts including quality output transformer to 3.4 ohm
voice coil, tubes, instruction manual, ecc. ( less speaker). Shipping Wte., 10 1bs.
No. BR-1 Receiver $§19.50.

No. 335 Communications Type Table Model Metal Cabinet
No. 320 High Quality 5" PM Speaker for above

Heatlheil”

B

Two new Heathkit Superheterodynes featuring the
best of design and material. Beautiful six inch slide
rule dials — 110 V. 60 cy. AC power transformer
operated—metal cased filters—quality output trans<
formers, dual iron core metal can IF transformers —
two gang tuning condenser. The chassis is provided
with phono-radio switch—110 V. outlet for changer
motor and phono pickup jack. Each kit is complete
with all parts and detailed instruction booklet. Pic-
torial diagrams and step-by-step instructions make
assembly quick and easy.

ORDER BLANK

RO
SuU

Vew HeathbcZ™
ADCAST AND 3 BAND
PERHETERODYNE

RECEIVER KIT

3 BAND MODEL AR-1
550 Kc. to 20 Mc.

Enjoy the thrill of world wide short wave reception with this fine new AC
operated Heathkit 3 band superheterodyne — amazing sensitivity 15 microvolt
or better on all bands. Continuous coverage 550 Kc. to over 20 Mc. Easy to
build with complete step-by-step instructions and pictorial diagram. Attractive
accurately calibrated six inch slide rule dial for easy tuning. Six tubes with one
dual purpose tube gives seven tube performance. Beam power output tube
gives over 3 watts output.

Separately assembled coil turret with band switch eliminates difficult construc-
tion. Conservatively rated 110 V. power transformer supplies full operating
voltages ro all tubes for maximum reception. Has band switch, tuning, volume,
tone and phono-radio controls. Chassis size 234" x 7" x 1214” — supplied
complete — punched chassis — tubes — controls — transformers ( quality out-
put 0 3.4 ohm voice coil) — all small parts — hardware and instructions
(less speaker). Shipping Wt., 10 lbs. No. AR-1 Receiver $23.50.

No. 335 Communications Type Table Model Metal Cabinet
No. 320 High Quality 5” PM Speaker for above

PUSH-PULL HIGH FIDELITY

AMPLIFIER KIT

$12.50

Build this high fidelity push-pull amplifier

and save two-thirds the cost—has two pre-
amplifier stages, phase inverter stage and

push-pull beam power output stage. Comes

complete with six tubes—guality output
transformer (to 3-4 ohm voice coil) tone

and volume controls—varnish impregnated

cased 110V. power transformer and de-
tailed struction manual and all small

parts. Six watt output with output flat with-

in 1% db between 50 and 15000 cycles.
Build this amplifiernowandenjoy it for years.

SHIP VIA
H EATH (0 FROM ——Parcel Post
°
—Express
BENTON HARBOR [
HIGAN —Freight
= —Best Way
Quan. DESCRIPTION Frice Total
= ————

Shipping Wt. 7| tbs, Model A-4
12" PM Speaker for above.........

ENCLOSED FIND [] CHECK . . . [] MONEY ORDER FOR 2
PLEASE SHIP C.OD. . . . POSTAGE ENCLOSED FOR___POUNDS

EXPORT DEPT.

13 East 40th St.
NEW YORK CITY {16}

CABLE: ARLAB—N.Y.
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IF you service TV, you know this. Customers are quick to see imper-
fections. Much slower to hear them. Therefore premium-quality
Hytron receiving tubes for the tougher TV jobs. At no extra cost!
You gain also: Through fewer expensive service call-backs. Better
customer satisfaction and confidence. More profits.

How does Hytron do it? By working closely with leading TV set

manufacturers. By endless striving to better already superior per- \
formance. By improved design ... processing ... inspection ... '
testing.

Try Hytron TV receiving tubes: 1X2, 6AG5, 6AL5, 6AU6, 6BG6G,
6BQ6GT, 6J6, 6SN7GT, 12SN7GT, etc. You pay no more for Hytron. \
But see the difference yourself. ..on the TV screen...on your \

!
cash register. ‘v

OLDEST MANUFACTURER SPECIALIZING IN RECEIVING TUBES

m@z\

MAIN OFFICE: SALEM, MASSACHUSETTS

49c¢ e

__HYTRON -SOLDERIN

OUR APOLOGIES! We knew these
YOU N
Hytron shop tools would be popular . .. NO HAVEC;‘HEM ¢

8 because they are designed ‘by servicemen, for service-
men.”” But we didn’t dream they would be so popular.
That you needed them so badly. First production runs
of both Soldermg Aids and Tube Lifters melted away
like snow in the red hot demand. New, more adequate
production facilities had to be rushed into action. ers in stock. If he hasn't,

\ ETER [\ please drop us a line.
3 15€ net  /rontonm

AHYTRONT00L
ALSO AT YOUR HYTRON JOBBER'S ...

TUBE TAPER 5Cnet I : ; 7-PIN MINIATURE

e e T a7 T St i’ £ (% STRAIGHTENER . . 55¢ net
y v, — ST ——
: AUTO RADIO TOOL 24¢ net

Sorry, if you were one of the
unlucky ones who had to
wait. Your Hytron jobber
should now have both Sol-
derlng Aids and Tube Lift-

HYTRON TUBE W

9-PIN MINIATURE STRAIGHTENER 55¢ net

GO : ) B oo v el & : <~ - ;j
JANUARY, 1950
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Better Pay

Get Your FCC Ticket
Jobs leading to
$3,000 to $7,500

(Average Pay Reported by FCC
Nationwide Survey)

are opening up
right now for
FCC Licensed

Do You
Want? =

Add Technical Training to Your Practical Experience and

yet Your FCC
COMMERCIAL llCE“SE

RADIO OPERATOR

in-a Few Short Weeks

Happy Vacations
and Travel

i

It's EASY if you use CIRE Simplified Training

I. Tells of Thousands of Brand New
Better-Paying Radio Jobs Now
Open to FCC License Holders.

and Coaching AT HOME in SPARE TIME

Get your license easily dnd quickly and be ready for the jobs
open to ticket holders that lead to $3000 to $7500. CIRE train-
ing is the only planned course of coaching and training that

leads directly to an FCC license.

YOUR FCC TICKET IS ALWAYS RECOGNIZED
IN ALL RADIO FIELDS AS PROOF
OF YOUR TECHNICAL ABILITY

CIRE Job-Finding Service
Brings Amazing Offers of Jobs

“Have found and accepted a position
at KWAD in Wadena, Minn.

I am indebted to CIRE for I secured
this position through the help of the
CIRE Job-Finding Service. 1 had six
other offers froin stations receiving iny
employment application and CIRE ref-
erence. 1 am sincerely under obliga-
tion to you.”
Student No. 2760 AT

“I am working at WRJM as transmitter en-
gineer, and I received this position in re-
sponse to one of the employment applications
sent me upon completion of my course and
the receiving of my Diploma, I received my
1st class Radiotelephone License on March 2, 1949.
I want to express my sincere appreciation to the staff of CIRE.”
Student No. 2608 AT

“I now hold ticket Number P-10-3787, and holding the license has helped
me to obtain the type of job I've always dreamed of having. Yes,
thanks to CIRE, I am now working for CAA as Radio Maintenance
Technician, at a far better salary than I've ever had before. I am deeply
grateful.”’ Student No. 3319N12

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RE-13 4900 Euclid Bldg. Cleveland 3, Ohio
Approved for Veteran Training under ‘“‘G.!. Bill of Rights"

2. Tells How We Guarantee to Train
and Coach You Until You Get Your
FCC License.

3. Tells How Our Amazing Job-FIND-
ING Service Helps You Get the Bet-
ter-Paying Radic Job Our Training

Prepares You to Hold.

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
I Desk RE-13, 4900 Euclid Building, Cleveland 3, Ohio
(Address to Desk No. to avoid delay.)

I want to know how I can get my FCC ticket in a few short weeks by
training at home in spare time. Send me your FREE booklet ‘‘Money
Making FCC Llcense Information,” as well as a sample FCC-type exam
and FREE booklet, “How to Pass FCC License Examinations,” (does not
cover exams for Amateur License).

[ Veterans check for enrollment information under G. I. Bill.
¥ ¥ B ¥ ¥F ® ¥ §F N F ¥ N N N N N N N ]
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Television in 1975

« « « What progress will television make during the next 25 years? . . .

By HUGO GERNSBACK

S we round the half-century mark we can

A use this important milestone as a vantage

point from which to speculate on what the

next quarter century will mean to the
progress of television.

Looking back, we are struck with the fact that
there have been very few actually new develop-
ments during the past 25 years televisionwise. All
the elements we have in television today were—
with few exceptions—known 25 years ago.

The cathode-ray tube and all-mechanical tele-
visers were both well advanced at that time. A tre-
mendous amount of work, of course, had to be done
to coordinate and make practical the theoretical
knowledge which had been accumulated over the
years. We in television, 25 years ago, had a pretty
good idea what television could and would do by
1950. We knew that its realization was merely a
matter of engineering and ironing out a multiplic-
ity of “bugs”. All these difficulties have been solved
brilliantly.

How far will the television receiver of 1975 have
advanced? 1 believe a fairly good estimate can be
tmade from our 1950 vantage point, profiting by
our past experience.

COLOR: It is a safe bet that every 1975 tele-
vision receiver will have color. At present engi-
neers mainly are concerned with the three-color
system. Our opinion is that color television 25 years
hence will be either the so-called electronic-color
or an optical-electronic color system. It is doubtful
that it will be of the mechanical type.

It is quite possible also that by that time we will
have four-color television instead of the present
three colors used. Anyone who has seen a magazine
cover produced both in three colors and by a four-
color process—such as is used, for instance, on the
front cover of this magazine—knows the much
greater color definition achieved.

THREE DIMENSIONAL PICTURES: The pic-
tures on your television screen today are uniformly
flat and without depth. If you look at a baseball
game or other sports, it is sometimes hard to see
what is going on. In boxing or wrestling, for in-
stance, it may be impossible to tell in what part of
the ring the contestants move. This is because the
television picture has no perspective. That is what
is missing in present-day television reproduction.

We know now that three-dimensional television
is possible. It is also known that it is a much less
difficult problem than, for instance, three-dimen-
sional movies. We believe that the 1975 receiver
will be fully three-dimensional, making all the fig-
ures stand life-like out in space.

AERIALS: We are now at just the beginning of
practical television—at what some engineers face-

JANUARY, 1950

tiously call the crystal-detector-headphone stage of
television. One of the handicaps of today’s receiv-
ers is, of course, the outdoor aerial. These aerials,
not only disfigure houses (whether private or
apartment), but are expensive. They must be
lgoked after frequently because of poor connec-
tions, and a heavy rain or snow storm often plays
havoc with the installation. You may rest assured
that the 1975 television installation will not require
an outdoor antenna. The sensitivity of the receiver
will have been increased vastly, and the television
antenna (whatever it is at that period) will be
right in the set itself. Television receiver history
will be merely repeat radio set history. In radio,
too, we started out with outdoor aerials, but today
almost every receiver has its own built-in antenna.

Incidentally, television receiver cabinets in the
next 25 years will become considerably smaller and
lighter than they are today. Our present television
sets, particularly table models, are much too
cumbet:some, much too heavy, and consequently
expensive.

GHOSTLESS SETS: Present-day television re-
ceivers are bedeviled with a multiplicity of ghosts.
In some locations this condition is particularly
bad and, on some channels, almost impossible to
eradicate. We may think of these exasperating
ghosts merely as children’s sicknesses—simply an-
other nuisance that we are even now beginning to
eradicate. When it comes to ghosts in color, the
situation becomes even worse. We may be sure,
therefore, that in 1975 television ghosts will be
only a memory. By that time automatic electronic
ghost elimination will be standard in all sets. Just
as I'M radio eliminated static and other extraneous
noises in our radio sets, so the television set of
1975 will have found an electronic answer to the
ghost problem.

CONTROLS: Television sets of today remind us
forcibly of the radio sets of the early 1920’s which
sometimes had as many as 15 knobs on the front
panel. The multiplicity of controls on the present-
day television set reflects the comparative youth of
television. It is possible even now to build a tele-
vision receiver with a single knob although high
production costs make it commercially impractical
as yet. The 1975 television set, it is safe to predict,
will also have a single knob for off-and-on and for
sound control; perhaps by pushing the knob in or
pulling it out you can vary the brilliance and
contrast of the picture to the desired degree.

Incidentally, the average table model of 1975
will probably have 12 tubes or fewer. It will per-
haps have both FM and AM reception if desired.
In that case we would, of course, have more than
one control.

www americanradiohistorv com
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THE PROBLEM OF COLOR TV

OLOR television, as an idea and
aspiration, is almost as old as
mechanical television itself. That
grand old TV pioneer, John

Logie Baird demonstrated in England
a crude form as early as 1928. He em-
ployed, of course, the whirling disc
with two color filters, ore red and the
other a combination of gresn and blue
colors.1

A year later Dr. Herbert E. Ives
of the Bell Telephone Labaratory, also
using a perforated dise, demonstrated
a somewhat similar color television
system.2

In 1931 a German engineer, Ahron-
heim, devised a color system using a 12-
color filter disc in conjunction with a
scanning dise.3

In February, 1930, a patent on colov
television was issued tec Ray D. Kell,
assigned to the General Electric Co. It
also employed a double, spiral, sean-
ning dise and only two colors instead of
all three primaries.t

In the early thirties the electron
beam swept all such mechanical whirl-
ing dervishes into the discard, and
would-be TV colorists began to devise
ways and means for tinting monot-
onous moncchrome kinescope pictures
with all the hues and shadings of the
rainbow.

Today's colorists

Until today the question paramount
in the minds of all television-minded
citizens, owners (or prospective own-
ers) of kinescope sets, is COLOR! How
soon will color TV be awvailable and
at what retail cost? Opinions differ
widely. CBS is vociferous in its claims
that it has thoroughly demonstrated
the merits of its mechanical, sequen-
tial, subtractive color system; and a
dozen TV-set or gadget manufacturers
announce their readiness to supply the
public with motor-driven tricolor dises
at low prices for CBS-type polychrome
reception.

RCA has recently given some re-
markable demonstratians of its all-
electronic color system before the FCC
and selected guests. The writer has
witnessed these and has gone on reec-
ord as saying that in fidelity of colors
of every hue and shade when seen on
direct-view screens, it leaves nothing
to the imagination. Projected images,
1A description of Raird’s arrangement appears in
Teleision Simnlified, by Milton Kiver.
2March-April. 1931, issue of Television Neuws.
3Julv-August, 1931, Television News.

#+Novembe~-December, 1931, Polevision News. The
same issue contains an article by Wolf S. Pajes on
a color TV system using electrmnic light valves.

By LEE de FOREST

however, lack as yet desirable bril-
liance.

The system of Color Television, Inc.,
of San Francisco, like that of RCA,
uses three separate pickup devices, all
in a single camera, combining at the
receiver the color images by optical
projection from three separate cathode-
ray tubes with different phosphors, red,
green, and blue.

All three of the above color systems

Some straightforward
views on an important
decision the FCC must
soon make, written by
the “Father of Radio”

now operate within the 6-mec band,
ag required last year by the Federal
Communications Commission, so all are
applicable to our existing v.h.f. tele-
vision channels. In the 1946 demon-
strations both CBS and RCA systems
required bands of 12 me or more, there-
by restricting their proposed opera-
tions to the u.h.f. channels not yet
authorized by FCC.

Both organizations now claim that
their present 6-me-bandwidth pictures
are essentially as satisfactory as those
demonstrated in 1946. This has been
questioned. In view of the faet that
the widespread successful commercial
employment of the proposed u.h.f.
channels has not yet been proven (and
in the minds of many experts will
never be satisfactory in many locali-
ties and during certain seasonal and
weather conditions), the wisdom of
FCC in stipulating that color must fit
existing v.h.f. channels is clear and is
generally approved.

The Radio Manufacturers Associa-
tion has recently laid down require-
ments for any future acceptable color
television system; these are carefully
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thought out, clearly logical, and de-
signed for the greatest benefit to the
television industry and the public now
and in the future.

Compatability a must

Foremost of their sine qua non con-
ditions, a positive must, is that of com-
patibility. This simply means that
whatever system of color is finally to
receive the green light from FCC must
be one whose color telecasts can be
received on any existing standard
black-and-white receiver, and must be
equa! in quality to any monochrome TV
picture today. Any color system that
cannot comply with this fundamental
requirement should not be authorized.
If the introduction of color telecasting
means that any number of today’s 3,-
000,000 TV receivers cannot receive a
particular program (in monochrome),
the television viewing audience will be
reduced by just that number of re-
ceivers.

The potential prosperity of the tele-
vision industry, broadcasters, and set
manufacturers alike, demands that the
television audience be built up as fast
as possible. We cannot wisely permit
snything which will compel any frae-
tion of the existing audience to switch
off their sets. Only the inferior quality
of a program’s content itself should
induce a viewer to turn to some other
channel! He should not be forced to
do so by the technical limitations of
his present TV set. Any other policy
will spell disaster to this growing in-
dustry.

We cannot afford, in the interests of
a sma'l favored minority who can af-
ford to purchase converters for color,
to penalize others less favored, or to
reduce the number of available pro-
grams for that vast majority who. for
one cause or another, are not equipped
for color viewing.

The logic of this position of RMA
is unassailable. I think I can speak
authoritatively on this topic. For the
past two years I have been quietly at
work on a mechanical television sys-
tem, requiring no color wheel which
limits the service as does the CBS sys-
tem to 7- or 10-inch kinescopes. In
place ot the outlandishly large cclor
wheel and the requirement of circuit
changes to provide a frame frequency
of 144 (instead of 30) per second and
a reduced number of lines, I place be-
fore any kinescope face, even of 16-
inch diameter, a three-eolor mosaic
screen. It oscillates in an orbital, cir-
cular movement less than 1 inch in
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diameter, 30 times per second, so that
each picture element is viewed through
one of the three prime colors on the
mosaic filter screen every %o second.
Nothing could be more simple or cost
less than such a color adapter, readily
slid in front of the kinescope face for
color viewing and withdrawn for mono-
chrome programs. The mosaic shuttle
must, of course, oscillate or ecirculate
in synchronism with a similar one
properly located in the light beam
from the image to the pickup eamera
(flying-spot or image-dissector type).
This requirement is readily met; the
small driving motors are of only 10
watts power.

But this system, like the mechanical
system of CBS, was not, at the time of
the FCC hearings, compatible. Used
with a black-and-white receiver tuned
to the color transmission, a rapidly
shifting veil or pattern appeared, super-
imposed over the monochrome picture
from the color transmitter. This has
since been eliminated by a device which
is quite simple, whereby the image may
be seen on a black-and-white kinescope,
like any present monochrome-transmit-
ted picture. Therefore it was not sub-
mitted, in the form it had at that time,
to the Federal Communications Com-
mission at the recent color television
hearings in Washington.

Politics and pressure

It is highly regrettable that polities
has pushed its ugly head into the color-
television picture; nor is it too diffi-
cult to imagine just why certain solons
have taken it upon themselves to at-
tempt to force FCC into a premature,
ill-considered decision authorizing any
particular existing color TV system for
early commerecial introduction and ex-
ploitation. (As logically should the
Western Union seek a ruling by FCC
that only the new zirconium spotlight,
admittedly superior, should be used as
the accepted illuminant in all tele-
vision studios!)

Color television should not be forced
upon the industry, nor on the public.
As is admitted by all proponents of
this or that color system (with one
single exception), the fruit is not yet
ripe on the tree of knowledge. Let us
have more time to perfect this highly
complex facility—to iron out a mess
of wrinkles and imperfections. The in-
dustry has only now struck its stride.
Much of it is yet deeply in the red,
financially. We need at least three
years more of growth and unimpeded
prosperity while the wizards of elec-
trons and circuitry are dressing up
their polychrome babies.

I think no fixed time for coler-system
acceptance should now be placed on any
calendar. Let us wait until black-and-
white market saturation has been
reached. Then will be the proper time
to introduce to an eager, accepting
audience of at least 5,000,000 set owners
an RMA-standardized color television
system-—one which is absolutely com-
patible and one which will not reduce
the viewing audience by a single set
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nor by a single hour of employment or
enjoyment. Also the color-television
receiver should cost little more than the
better class of monochrome sets, or
color converters should be available at
the very minimum of expense. Then,
and not until then, let us have color
television.

One thing is clear: no color adapter
should be limited to 7- or 10-inch kine-
scopes, nor to projection types of re-
ceivers. For the past year the trend
has been increasingly toward the larger
direct-view sets, 12-, 16-, 19-inch kine-
scopes. Any color system limited to
smaller tubes or to dim projected im-
ages should not be considered, for ob-
viously they will have scant public ac-
ceptance. Owners of the larger sets
must not be debarred from color nor

25

More rather than less emphasis
should be placed on compatibility, as
month by month more hundred-thou-
sands of receivers roll off the assem-
bly lines. Did I not sincerely believe
this, I would be emphatically advocat-
ing the advantages of my own color
system over all others in evidence to-
day. But RCA, at least, has proven the
practicability of compatibility. Let
other aspirants do the same. We want
no brake applied to the television char-
iot, today or tomorrow.

Color television in 6 me must proceed
upon a lasting foundation of proper
standards, excellent performance, and
complete compatibility with existing
receivers, with no changes in their
chassis for black-and-white reception
of color programs.

The author, Dr. Lee de Forest, with U. A. Sanabria of American Television, Inec.

compelled to buy completely new re-
ceivers for color television enjoyment.

Such logieal considerations will ren-
der abortive the high-pressure meth-
ods now so evident, seeking to force a
half-sized or midget color system upon
industry and public. The simple fact
that a certain system “is operative to-
day” by no means rules out the obvious
fact that some other color system may
be operative in a far better fashion
two or three or four year or more
from now.

Hurry vs delay

Delay in immediate acceptance of
any system today would, we are told,
“result in a double loss for the public,
because millions more of black-and-
white receivers lacking provision for
adaption and conversion will have been
purchased.” But why increase the cost
of our present chassis and cabinets for
the purpose of converting to any one
system which may, probably will, be
obsolete and discarded within the next
three years? Public loss will be safe-
guarded by watchful waiting—not by
jumping into a 10-inch bag be it ever
so colorful.
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The RCA color system is a triumph
of clever electronic engineering. (It is
described elsewhere in this issue.—
Editor) At present, however, RCA
color receivers are too costly compared
to monochrome, and their converters
are scarcely less so. The engineers are
hard at work to simplify and cheapen
these devices, and it is reasonable to
expect revolutionary improvements and
drastic cost cuts during the next two
years. Other systems may do the same,
or better. By all means, then, let us
control our natural impatience to view
color perfection on our screens. Delay
teday will pay rich dividends, in color
and costs, tomorrow, or possibly day
after tomorrow.

And in the meantime, let the FCC at
once lift its arbitrary ‘“freeze” on fur-
ther extension of v.h.f. video transmit-
ters so that every section of the coun-
try may enjoy as rapidly as possible
the immeasurable benefits of television
reception. The duty of the Commission
to act speedily in this is incomparably
more imperative than to decree that
color television shall be quickly com-
mercialized.

HIUL11IUDd,
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color television a rainbow-hued
mirage or a reality already visible
on the horizon? When and how will
it be achieved? There is little agree-
ment among experts on the first ques-
tion. To answer the second, a number
of organizations and individuals have
proposed or demonstrated systems
which they hold to be the most practi-
cal. Probably the most important are
those of the Columbia Broadcasting
System and the Radio Corporation of
America. Both are modifications of
color systems demonstrated to the FCC
a few years ago.l .

CBS uses a mechanical system of
whirling color wheels. A transparent
disc divided into segments of the three
primary colors—red, green, and blue—
revolves in front of the television cam-
era. When the red segment comes be-
tween the scene and the camera, the
lens picks up chiefly the red light. The
same is true of the other two primary
colors.

A similar disc whirls in front of the
receiver screen. (See Fig. 1 and the
photo at the head of this article.) The
receiver disc is synchronized with that
at the transmitter: when, for exam-
ple, the red field is being received, the
red section of the disc is ahead of it.
The image seen by the viewer is then
red.

The successive primaries are flashed
on the eye at the rate of 144 per
second, and persistence of vision

blends them into one full-color picture.
All color being made up of these three
primaries, a color between red and
blue, for example, transmits some red
and some blue light; the mixture of
the two in the eye of the viewer repro-
duces the original color because of
persistence of vision.

The practical realization® is not as
simple as that, of course. Problems of
interlacing, flicker, and fringing,
among others, arise.

CBS has obtained its best results
with 48 complete pictures (144 color
fields) per second. The number of

TRANSMITTER
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permit operation on 525 or 405 lines.

The RCA approach

RCA uses a camera with three lenses
and three electronic systems—in effect
three cameras in one—to pick up the
reds, greens, and blues. To transmit
over an r.f. band not more than 6 me
wide, each color in the new system
“shares time” with the others. Red,
green, and blue are transmitted in turn
over a video band approximately 4 mc
wide. Fig. 2 is a block diagram of the
system.

The time-sharing feature of the

ig. 1—CBS system uses a color whee! at the transmitter and one at the receiver.

scanning lines per picture is 405,
instead of the 525 in standard black-
and-white receivers. This feature was
considered necessary to reduce the
transmitting bandwidth to the stand-
ard 6 mec, but makes the system “in-
compatible” with today’s black-and-
white receivers, which require modifi-
cation to receive transmissions in both
color and black-and-white. Slight alter-
ation of the sweep circuits is sufficient,
and a simple switch ean be installed to
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new system is made possible by sam-
pling, a method originally developed
for multiplex pulse communications
systems.

The sampling system works like this:
As the scanning spot swings across
the subject, the output of each of the
three color cameras is “tapped” 3,800,-
000 times per second. Each of these
sampling periods is so short that it
produces a narrow d.c. pulse whose
voltage represents the strength of that
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color at the exact spot being tele-
vised (Fig. 3-a).

The electrical pulse representing
each color sample goes to a low-pass
filter. This filter broadens these sharp
d.c. pulses into a displaced (Fig. 3-b)
alternating current (a.c. with a d.c.
component), which flows in one direc-
tion twice as long as in the other. Thus
the alternation whose peak voltage is
the same as that of the pulse occupies
two-thirds of the cycle. The filter cuts
off all frequencies above 2 me.

The three color samples in b, d, and
f of Fig. 3 are combined in the compos-
ite wave of Fig. 3-h. This composite sig-
nal looks like a single sine wave from
which retrieving the three color compo-
nents would seem a hopeless task. But a
look at b, d, and f reveals that, at the
instant each color wave is at its peak
(the instant of sampling), the other
two are passing through zero. Neither
red nor blue can affect the green sig-
nal at the green peak, so a sample of
the composite wave taken at that in-
stant gives the exact strength of the
green signal.

The great advantage of the compos-
ite wave is that it can be of the same
bandwidth as the sampling signal
Thus we get three 3.8-mc signals on
a single 3.8-mc channel, instead of on
one three times as wide. In a 525-line
picture, each color is sampled more
than 7,000 times per line. These sam-
ples are staggered so that when the
second line is scanned, the sample of
each color is taken midway between
the samples of that color on the line
above.

Bypassed mixed highs

To this composite wave is added the
fine-detail modulation between 2 and 4
me, which has been picked up in paral-
lel from all three cameras and passed
on together in what RCA calls the by-
passed mixed-highs system. The com-
plete signal then goes through the low-
pass (4-mc) filter and is applied to
the modulator of a conventional v.h.f.
or u.h.f. transmitter. Fig. 4 gives an
excellent—though quantitatively inex-
act—picture of the video signal as it
leaves that filter, and illustrates how
a secondary color like yellow is made
up of pulses from two primaries. Fine-
detail modulation from the mixed highs
is also present but has been omitted
because of the difficulty of representing
it in a diagram.

The receiving system

The receiver is standard right up to
the video detector (Fig. 5). At that
point a sampler synchronized with the
one at the transmitter takes short sam-
ples of the composite signal at the in-
stants of red, green, and blue peaks,
passing each color to its own video
amplifier.

Color is restored by using three kine-
scopes whose phosphors glow in the
three primary colors. Their outputs
are mixed—either for direct viewing
as in Fig. 6 or projection as in Fig. 7
—with the help of dichroic mirrors.
These are plates of glass on which a
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microsopically thin metallic film has
been deposited to make them reflect one
primary color and pass another.

The scanning is interlaced, with 60
fields per second, as in standard black-
and-white. Fig. 8 illustrates the method
by showing a few lines of each field.

HORIZONTAL DRIVE
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highs cannot be said to be color-sensi-
tive, in actual practice they add to
the fine definition without subtracting
noticeably from the color fidelity. Re-
ceivers constructed to use the mixed
highs are like those of Fig. 5, with
the addition of low-pass 0-2-mc filters

- g
MIXED HIGHS

Fig. 2—Block diagram shows how the RCA system operates at the transmitter end.

The colored ‘“dots” represented by the
letters are actually short colored
dashes which overlap each other about
50%. Lines 1, 3, 5, ete., are scanned
in the first field. Then the even-num-
bered lines are scanned, with the dots
so displaced as to fall halfway between
those of the same color in the line above
them. The odd and even lines are again
scanned in the third and fourth fields,
with the dots filling in the spaces left
in the first and second scannings. (Note
the absence of G in the initial space
of lines 2 and 3 in the top half of Fig.
8, and its presence in the same spaces
in the lower half of the figure.)

Four fields are required for a com-
plete picture, instead of two as'in
black-and-white. Thus there are 15
pictures per second.

The interlaced scanning permits
greater definition than would otherwise
be possible. The finest detail which
would affect the image would be one
which would be a peak value at one
dot and zero at the next dot of the
same color. This would represent a
frequency of half 3.8, or 1.9 me. But
since the second line scans points half-
way between those of the first line, de-
tail which goes from maximum to zero
in half the distance between successive
color dots is reproduced. This is made
clear in Fig. 9. The solid lines rep-
resent the three colors as they are dis-
tributed over a small part of line 1,
and the dotted lines the same colors in
line 2. The overlap of color is well il-
lustrated in this figure.

Fine detail is reproduced by the by-
passed mixed-highs system, first de-
veloped several years ago without the
bypass feature for the older simul-
taneous system. Fine detail (frequen-
cies between 2 and 4 me) is taken
from all three of the camera sections,
bypassed around the sampler, and
added to the sampled signal (Fig. 2). It
is detected in the receiver, then by-
passed around the sampler and added
to the red and green video signals,
experience having proven that the
eye is more sensitive to these col-
ors than to blue. While these mixed
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in each color video circuit, a 2-4-mec
band-pass filter for the mixed highs,
and adders in the green and red video
circuits.

Other systems

A few other contenders have entered
claims, but so far have not demon-
strated their systems to the FCC. Chief
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Fig. 3—The sampling system takes

pulses of each color, integrating them.
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Fig. 4—Signal after passing through 4-
me filter. This is applied to modulator.
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Fig. 5—The receiver contains synchron-
ized sampler and three kinescope tubes.
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areas coated with red, green, and blue
phosphors, or it may be a white-light
tube. If a white-light tube, filters are
again placed ahead of each section to
transmit only the correct primary. In
any case, the three images are com-
bined with lenses and projected as a
single picture.

A somewhat similar system called
Thomascolor was described a few
years ago, but has not been heard
from during the present color hear-
ings.

"Subtractive" color

Skiatron Corp., which has a large-
screen system operating with an ultra-
sonic cell, points out that the rotating-
dise color system “can easily be applied
to the Skiatron and supersonic meth-
ods?, and the dise can be made very
small by inserting it near the optical
imaging system where the whole light
energy is restricted to a small cross
section.” Fig. 11 shows such a setup,
with the color picture projected on
a large screen. The same system could
be used with the Skiatron tube, which
also modulates a beam of light from
a local source. According to Dr. Ro-
senthal, inventor of the tube, the Ski-
atron is also adapted to a ‘“‘subtract-
ive” color system, in which the light is
projected through three Skiatron-
tube screens (whose opacity rathes
than brilliance is varied by the signal).
The screens are lined up so the light
goes through them in series, and each
screen carries an opacity picture cor-
responding to one field of a three-
n color system (minus red, minus green,
2 and minus blue). This method, which
3 will have to wait for further devel-
4 opment of the Skiatron tube, should
5
8

make for greater optical efficiency in

_BGRBGRBGREBG \|o color projection. Dr. Rosenthal points
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Fig. 6—A direct-view RCA color system.

Fig. 7—Three-tube projection receiver.
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Fig. 8—How three colors are interlaced,

of these is Color Television, Inc., of
San Francisco. Based on patent No.
2,200,285, issued to R. Lorenzen, and
Nos. 2,389,645 and 2,389,646, granted
to George E. Sleeper, its colors “share
space” on the transmitting and receiv-
ing tube screens, instead of sharing
time or spectrum width.* Three lenses
and three color filters are placed in
front of the pickup tube (Fig. 10)
which may be an ordinary image orthi-
con. These are so positioned that three
separate primary-color images of the
seene being televised are formed, as in
the blocks A, B, and C of Fig. 10.
Scanning in the transmitting and re-
ceiving cathode-ray tubes is the same
as in Dblack-and-white, with one-
third of each scanning line in a differ-
ent color field. The kinescope may be a
special tube with the three picture
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both use subtractive methods and that
additive systems have been partially
abandoned in the photographic field.
Still another method, known as the
Geer system, also from California, has
put forward its claims. The details re-
leased on it are somewhat reminiscent

GREEN

Fig. 9—Overlap of colors is shown here

of the Du Mont Trichromoscope$, a
tube with three electron guns and a
face made up of minute three-sided
pyramids, each side of which is coated
with a phosphor in one of the three

COLOR FILTERS

LENSES N E
i
8l

PICKUP OR RECEIVING C-R TUBE

TOP VIEW

Fig. 10—Three separate images on tube.

primary colors. This tube would re-
produce a picture in full color right
on the cathode-ray tube screen, with
no mixing.

Other systems of color television
have been suggested—or hinted at—
but whether for reasons of insufficient
development or patent protection, few
details have been given.
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Mass

ORE than 1,000 parts, assem-
bled with rivets, screws, and
more than 500 crimping and

soldering operations, go into
the average television receiver, accord-
ing to officials at RCA Vietor’s Cam-
den, N. J., plant, where our cover pic-
ture was taken. Receivers flow off the
production lines as steadily and relent-
lessly as the tides. Yet, despite the
complexity of each set, faulty receiv-
ers are rarities. Television service tech-
nicians have been impressed with the
dependability of good television sets
over relatively long periods of use. A
set several times as complicated as a
standard radio, theoretically should
break down several times as often, but
in practice this ratio is not even
approached.

The reason is thorough and consist-
ent production testing, say the RCA
men. The very practical basis for this
policy is recognition that faults can be
corrected far more easily while the set
is in production than after it has been
completed and shipped and put into
operation.

Master signals, generated by special
equipment comparable to two complete
television transmitters and valued at
more than $200,000, are sent to indi-
vidual test positions by some 40 miles
of specially shielded co-axial cable
strung through the Camden plant. This
equipment, probably the world’s largest
signal generator, is capable of supply-
ing every type of signal required in
television testing. More than 200 oscil-
loscopes and about the same number of
VoltOhmysts are also used in the vari-
ous tests.

Testing, however, must begin even
before the material going into the re-
ceiver reaches the production lines. The
purchasing department’s Quality Con-
trol Section sample-checks every batch
of parts, reel of wire, or shipment of
solder received. The easiest place to
catch trouble in a receiver is before the
defective part is installed.

Eight inspectors seated among the
production workers on each chassis as-
sembly line inspect for mechanical de-
fects every part of each partially com-
pleted receiver as it flows past. In this
mechanical inspection, every receiver
coming off the chassis production line
is gone over twice by the inspecting
personnel.

As the chassis move along the as-
sembly line, they are slid off into the
booths of the circuit checkers for the
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Production
Television Tests

Partially completed television receivers travel down the factory production line.

first test on the completed receiver.
Here all circuits and components are
checked with the aid of VoltOhmysts
for continuity of wiring and electrical
values of components.

The next phase of the inspecting and
checking routine through which every
receiver passes is the hot check or pre-
liminary operation test. In it the set
produces a test pattern on an auxiliary
oscilloscope connected to the receiver
circuits with clips. The testers inspect
the test pattern for faults which might
indicate a defective set.

In the alignment test, the i.f. and
r.f. circuits are aligned and checked
for proper waveshape response and
sensitivity. Here all variable controls
are adjusted—there are 42 specifie cir-
cuit adjustments to be made. A deflec-
tion test checks deflection adjustments
to make sure that all picture charac-
teristics meet the required technical
standards.

The characteristics studied and
brought into line include focusing,
spot size, linearity, resolution, distri-
bution, centering, size, and over-all
sensitivity. The picture characteristics
of the television image are checked as
exactly as a photographer checks the
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characteristics of his masterpieces.

Mechanical inspection is not forgot-
ten in these finished receivers. The
service technician, used to checking
microphonic tubes, is quick to note the
large rubber hammer with which all
chassis are struck smartly to make cer-
tain that solder joints are secure and
the set is not noisy under vibration.

Not until the chassis has successfully
gone through this entire routine is it
permitted to go on down the line to the
point where the picture-tube face is
cleaned and it is fitted into its eabinet
and sent to the final operating test.

Separate quality-control testers are
continually at work sampling the out-
put and putting selected receivers
through rigorous examinations.. At
least 109 of the output is checked by
the quality-control testers.

“Quality must be the watchword”
is the slogan continually expounded to
the testing staff by the plant manager.
“Not only the reputation of the brand
name, but the very strength of the
industry depends on thoroughness of
inspection. Viewed from this light, it
is an investment in the continuity and
growth of television operations—as
wise an investment as can be made.”
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O you want to make a discrimi-
nator transformer to convert
the detector of your TV re-
ceiver from a slope detector to
a true FM discriminator? Or a 12-
channel front-end for the receiver that
has provisions for only 5 channels?
Perhaps you only want to make a small
trimmer capacitor that can hang in
the wiring where you need it, or know
how to stabilize your present horizon-
tal multivibrator, or go the limit and
build a complete quality TV receiver.
This information, plus much more, will
be included in a series of articles cov-
ering the construction, adjustments,
and alignments of a 10-inch TV re-
ceiver. This receiver can be constructed
with a little extra time over that re-
quired to assemble and wire a Kkit.
Complete data will be supplied for
the construction of all r.f. and i.f. coils
and transformers, subassemblies, re-
sistor-capacitor boards, ete.

FREQ ‘o LIN?I

CONTROL | FOCUS
DSC. ASC AsC
HOR. DSC HoR.
HOLD. SW  HoLD.

It is not my intention to convince the
reader that building this receiver will
save money, because the saving (even
though it is considerable compared to
the cost of good commercial models) is
small compared to the amount of work
involved. However, for those who want
the best possible picture and sound
quality, the resulting receiver will be
more than gratifying.

Besides receiving all of New York
City stations with excellent results, this
receiver pulls in WFIL-TV and WPTZ
in Philadelphia, Pa., WNHC in New
Haven, Conn., and on several occasions
it has received WNBW in Washington,
D. C,, WMAR-TV in Baltimore, Md.,
and WRGB in Schenectady, N. Y., when
connected to a simple folded dipole
oriented toward New York City—25
miles to the south.

The receiver is intended as a console
model; however, other variations will
be covered later. A separate power

www americanradiohistorv com

Top view of completed 10-
inch TV receiver. Position
of major parts is shown.

supply chassis is used to facilitate han-
dling of the receiver chassis and for
other reasons to be described. The
audio amplifier drives a 12-inch PM
speaker. Provisions have been made
in the chassis for the inclusion of an
AM-FM-phono chassis or any combi-
nation of these functions in the console
cabinet. Sturdy tubes have been selected
and the circuits designed to give long
and reliable service.

The photos show methods of wiring
and construction. The use of hookup
wire is confined almost exclusively to
the heater and plate-supply circuits.
Most of the components are mounted
on terminal boards which are used in
all stages except the front end to in-
sure uniform results. It should not be
necessary to “de-bug” the set if direc-
tions and layouts are followed.

Other than the usual construction
and wiring tools, it will be helpful to
have access to a 3- or 4-inch vise,

RADIO-ELECTRONICS for
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Fig. 1—Schematic diagram of the 6AG3 video i.f. strip. Use underscored values
where shown for the 6AC7 amplifier strip. Heater circuit is shown at right.

socket punch, small eyelet punch, circle
cutter, electric drill, two steel or angle-
iron bars, and a couple of C-clamps
which can be used with the vise for
bending aluminum.

The alignment data to be given will
be based on the assumption that the
builder has access to an ordinary AM
signal generator capable of delivering
modulated and accurately calibrated
r.f. up to 28 me (preferably on fun-
damentals), and some type of output
meter such as a high-resistance volt-
meter, v.t.v.m., or scope. Additional
alignment data will also be presented
for use with sweep generator and scope.

Video i.f. strip.

The video i.f. strip is the heart of
the picture. If this is not good, there is
not much that can be done preceding
or following it to produce a good pic-
ture. The schematic diagram, Fig. 1,
gives a good idea of the circuit func-
tion. The mixer coil is the first on the
i.f. strip. Across it are both the audio
i.f, and video i.f. frequencies. The
audio i.f. is inductively coupled to it
by a circuit tuned to 21.25 me, while
the video i.f. is capacitance-coupled to
the first video i.f. amplifier tube. Ca-
pacitance coupling is used between all
the video i.f. stages; stagger-tuned,
partially loaded, coils are used to help
reproduce the full bandwidth of the
transmitted picture signal. Traps are
included to remove adjacent-channel
audio and video interference and a
21.25-mc cathode trap prevents any of
the audio i.f. signal riding through and
interfering with the picture.

Gain of the if. strip (and picture
contrast) is controlled by varying the
bias to the first three amplifiers.

Two interchangeable video i.f. strips
will be described. One uses 6AG5 and
the other 6AC7 tubes. The 6AC7 am-
plifier has more gain but the minia-
ture 6AG5’s may have to be used if

additional space is needed for the coils.

obtainable. The 6AG5 i.f. strip is shown
in Fig. 1. Underscored values and volt-
ages are for the 6AC7 strip. The 6AC7
i.f. strip will be shown in the complete
schematic later in the series.
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Fig. 2—Top view of 6AC7 video i.f. strip shows consiruction of transformers.

Because the size of the coils may be
the deciding factor as to which of the
i.f. strips will be constructed, they will
be covered first.

The video i.f. coils and transformels

& L T s

TERMINAL BOARDS
K \ 7'?H-‘“"‘=-‘

@

shown in Figs. 2 and 3 were made
from surplus coils remodeled to suit
my purpose. When purchased, they
contained a ceramic coil form 13 inches
long, but otherwise appeared the same

w@«)

F & R i

Fig. 3—Neat wiring with short leads reduces trouble in video i.f. strips.
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as the double-tuned coils in the photos.
The ceramic form and all the parts
cemented to it were removed by soaking
the assembly in lacquer thinner. All
the parts were used except the ceramic
form which was replaced by a %.-inch
bakelite tube cut to the dimensions in-
dicated in Fig. 4.

Drill a %g4-inch hole through the cen-
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Fig. 4—1.1.

are wound as indicated

and coils
drawings.

transformers
in

ter of each of the forms. Then cut five
pieces of 34»-inch bakelite rod %-inch
long and force these through the .-
inch holes so they project equally on

DOWEL 172" DIA-T7-1/2"LONG

for some of the coils will require addi-
tional holes. These are drilled just
large enough for the stranded insulated
leads to pass through.

Replace the terminal clamps on the
forms; coat the ends of the forms with
cement and push them into the bottom
mounting plates so that they line up
as indicated in Fig. 4; then let the
cement dry.

Use Formex insulated wire for all
the coils. All the lower (plate-circuit)
windings on the coils are started by
first stripping and tinning approxi-
mately 1 inch of the wire. Wrap the
wire around one side of the center
bakelite rod, and then flow in some
solder to form a solid terminal for the
flexible lead to be added later. Finish
winding the lower coil, following ac-
curately the turns specified and the
dimensions given from center and fas-
ten the free end to the lower terminal
clamp.

Wind the heavier No. 18-wire trap
coils on a form slightly smaller than
9/32 inch in diameter. Then transfer
the windings to the coil forms. Slip on
the upper terminal clamp and solder
the top end of the coil to it. Spread the
coil out to the proper dimension and
solder the capacitor to it. The bottom
end of this coil is then self-supporting.
Solder stranded, insulated wire, 1leads
to the terminals as required to extend 2
or 3 inches beyond the lower edze of
the coil mounting. Coat the coils with
coil dope or with Duco household ce-
ment, and they are now ready for
installation.

It does not matter which direction
you wind the coils except that the two
on each form must agree. In other
words, if the top end of the lower coil
is started around the form in one di-
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& LAYOUT OF 6AGS VIDEO IF STRIP
10-3/4" |
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1-3/4"
: 5/16"
I—6H6-PIN |

Fig. 5—Pictorial diagrams of 6AG5 and 6AC7 strips. Latter is at the bottom.

each side of the form. Additional holes
can be drilled near the ends of the
bakelite forms to help the cement get
a better hold and also 3-inch from
each 'end to allow for inspection of the
powdered-iron core. The mounting plate

rection, the top end of the upper form
must be started in the same direction.

Two other types of transformers used
satisfactorily are being described in
the event the surplus coil mentioned
cannot be obtained. One is made as
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described except that a Palnut-type
coil fastener is used at each end of the
tubing to fasten the cores and for
mounting. A round hole is then drilled
in the i.f. strip plate instead of the
semi-rectangular type and additional
holes are drilled for the wires on the
side of the larger hole. Terminal clamps _
are made of soft, lead-coated metal
and the rest of the coil follows the
same pattern as for those previously
described. The third type is a one-hole-
mounting, single-core type similar to
the sound trap coil. Any of these may
be used if the diameter and length
dimensions are not changed.

The sound trap is wound on %2 O.D.
thin-wall paper tubing. Extend the tub-
ing to the proper length; then round
off a 5-40 nut to give a snug fit in the
upper end of the form. Screw the pow-
dered-iron core into the nut and cement
the nut into the top of the form. An-
other nut and lockwasher are used to
provide enough tension to lock the core
in place after adjustments are made.

Each of the 3-ph heater-circuit r.f.
chokes for the 6ACT strip consists of
17 inches of No. 24 AWG Formex in-
sulated wire wound as tightly as pos-
sible on a l-megohm, %-watt resistor
or an equivalent form. The wire is
soldered to the pigtail at each end and
the coil coated with coil dope or cement.
Make five of these as one will be used
in the front end. If you use 6AGb’s in
the i.f. amplifier, four of the chokes can
be wound on a single form as shown
on Fig. 5-a.

Making the terminal boards

Cut out the five boards from #3s-inch,
laminated bakelite and drill holes as
shown in Figs. 6-a, -b, -c. Note that
double-eyelet type terminals were used.
Where only a single-eyelet type was
needed, one side was clipped off. Single-
eyelet terminals can be used, but hav-
ing all the wires on one post may be
inconvenient. If a rivet punch of the
size required for the terminals is not
available, a suitable substitute can be
made by filing the end of a blunt round
punch or any other piece of metal. The
terminals are applied by fastening the
home-made punch in a vise, holding the
terminal board with the terminal in
the hole in the direction required, and
tapping with a hammer until the eyelet
folds over on the other side. The ter-
minals being flat, bend their ends up
90 degrees with a wood chisel or sharp
serewdriver after mounting them.

Wire the components to the boards
as shown in Figs. 6-d, and -e. Note that
boards Nos. 2, 3, 4, and 5 for the if.
strip using 6ACT’s are mounted on the
opposite side from that illustrated using
6AG5’s. The holes are drilled in the
same places, but the terminals and
components that are shown on the near
side in Figs. 8-e are mounted on the
far side and those shown on the far
side are mounted on the near side for
the strip using 6ACT’s. Components
such as the 1,000-ohm resistors shown
from board to board are not connected
to the circuit until the boards are in-
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Fig. 6—Terminal boards are cut and drilled as shown. This method of construction makes trouble shooting easy.

stalled on the i.f. strip. After the com-
ponents are wired on the boards, fasten
two spade bolts to the bottom of each,
using ¢ X 6-32 machine screws and 6-32
nuts and lockwashers. Place a 6-32 nut
on each of the spade bolts, and the
boards are ready for installation.
Cut the if. strip plate 3% x 103%
inches from .050 ST aluminum, as in-
dicated in Fig. 5-a for the 6AGH’s or
Fig. 5-b for the 6AC7’s. This plate can
be polished to give it a neat appearance
after drilling is completed by using a
very fine emery cloth or a piece of

NEW FLAT PLASTIC LENS»

A new thin, flat plastic lens for en-
larging the television image on home
receivers is the latest accessory for TV
fans. It operates on the Fresnel princi-
ple of magnification and is known as
the Magna-Screen. Weighing but a few
pounds, it is easily attached to any
type of receiver by means of brackets
supplied with the lens. It is adjustable
and can be quickly changed to give any
desired degree of magnification within
its scope. The Magna-Screen is free
from edge distortion and provides glare-
less viewing of the image at a reason-
ably wide angle.

The lens operates on a principle sim-
ilar to the Fresnel lens used in light-
houses. Its magnifying power is based
on the fact that carefully designed op-
tical prisms or ridges are impressed in
the plastic from a master die, each
prismatic line corresponding to a seg-
ment of the curved surface of a thick
glass lens of the usual type.

How the rays of light are refracted
through the successive ridges or prisms
in the lens is shown in the diagram. As
the circular ridges or prisms approach
the outer edge of the lens their angle
becomes steeper, whereas toward the
center of the lens the prismatic ridges
flatten out until they are nearly flat.
In this manner the lens is able to pick
up rays of light from all angles and
redirect them beyond the lens to form
an enlarged (virtual or apparent) im-
age, which is viewed by the observer.

The magnifying element of the screen
is formed from a sheet of thin plastie,
into which hundreds of the prismatic
grooves are pressed. In the assembly
there is a green filter which eliminates
glare, together with protective outer
sheets of plastic (Plexiglas), the whole
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crocus cloth. Now assemble the tube
sockets, terminal boards, ete, to the
plate, but leave out the i.f. coils. Solder
in the resistors, capacitors, heater
chokes, and jumpers, following closely
the partial layouts and referring to
the schematic. Solder the decoupling
resistors and capacitors on the rear
from board to board, continuing until
the wiring is completed. Wire in the
cathode trap, install and wire the leads
from the i.f. coils, and the i.f. strip is
complete. Recheck the wiring and sol-
dered connections.

unit being sealed at the edges. When
used with a 10-inch television tube, the
image can be enlarged up to the size
normally received on a 16-inch-diameter
tube.

Plastic lenses of this type are made
by cutting ridges into a brass or other
suitable metal mold, which is heated
and pressed into the plastic sheet. The
grooves are very fine in some parts of
the lens, running as high as 200 or more
to the inch. The circular rings or
grooves can be seen when looking at
the screen; but when placed in front of
a TV picture tube, the lines are not
visible, because of the smoothing out or
resolving effect of the overlapping rays
of light.

These new flat plastic lenses are de-
signed for gathering the light from a
given source, such as the bright image
on a TV picture tube, and are not
suited for use as projection lenses.
They do have the valuable property of
spreading the light evenly across the
field of vision. A defect met with in
many simple lenses, that of spherical
aberration, is thus practically elimi-
nated in the new thin plastic lenses.

The Magna-Screen is mounted in a
neat wooden frame and comes in three
sizes: 8 x 10 inches for sets with 7-inch
tubes, 9 x 12 inches for 7- and 10-inch
tubes, and 11 x 16% inches for sets with
10- and 12-inch tubes. The brackets sup-
plied with the lens permit using it on
any table set, and it is available
mounted on a floor stand for use with
console TV receivers.

The Magna-Screen is made of Rohm
& Haas Plexiglas, an optically-clear,
extremely strong, light-weight acrylic
plastic, by the Plastic Division of the
Willson Camera Co.
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The two-tube tuner will be deseribed
in the next installment of this series of
articles.

Parts list for I.F. Strip

Resistors: 1—36,000, 5—1.000 ohms, | watt; 2—10,000,
1—7,500, 1—6 800 3—3,300, 1—2,700, |—2,200, 3—470,
1—150, 3—22 ohms, !/; wait.

Capacitors: 1—0.25, 2—0.1, 3—.01 uf, 450 volts,
paper; 2—.0047, 4—.0033, {— 003, 5— 00025 uf, mica;
1—.00002, 2—.00005, 1—.00005!1, |—.000075 uf, cera-
mic.

Miscellaneous: 4—sockets (octals for 6AC7 or 7-pin
miniatures for 6AG5 i.f. amplifier); sheet of 3/16-
inch laminated bakelite, permeability-tuned coil
forms, spade lugs, eyelet-type soldering lugs, hoakup
wire, etc.
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lcations and ability. These doubts
onfirmed when the FCC engineer
istigates the case and the technician
alled back—on the engineer’s advice
to install a wavetrap or make some
her modification which removes the

The consumer eannot avoid the cor-
rect conclusion that the technician
should have been able to diagnose the
condition and correct it, and feels, justi-
fiably, that he is paying for inferior
servicing.

From a long-range view, this type of
servicing does not benefit the television
industry nor does it encourage set
owners to renew servicing contracts.

Except in extreme cases, it is the
responsibility of the service technician
to clear interference. If he is not able
to do so, the matter should be referred

* Radio Engineer, Federal Communications
Commission, New York, N, Y.

DIATHERMY

wwWwW americanradiohistorv com

WIRELESS
TELEGRAPHY

By WILLIAM L. KISER*

direct "to the receiver manufacturer.

Two types of interference to tele-
vision reception cause difficulty for the
service technician. These are inter-
ference of the same frequency as that
on which the program material is tele-
vised, and interference of a frequency
different from that of the television
carrier.

In the first type, the interference can
be cleared only by suppressing or elimi-
nating it at the source. In the second
type, the interference can be cleared
only by modification of the set.

Most complaints received at the New
York Federal Communications Commis-
sion office are due to the second variety.

I.f. and image interference

As in all superheterodyne -circuits,
there are three frequencies to contend
with: the frequeney to which the re-
ceiver is adjusted (and the only fre-.
quency in which the user is interested),.
the image frequency, and the interme-
diate frequency. The latter two some-
times prove to be a headache in design
and service.

For instance, the image frequency
for channel 2 on most receivers is be-
tween 102 and 107 me. Frequencies be-
tween 88 and 108 mc are assigned ex-
clusively to FM broadcasting stations.

Point-to-point radiotelegraph serv-
ices are assigned to frequencies in the
lower part of the i.f. band. If the re-
ceiver is insufficiently shielded, these
signals may cause interference. .

Interference due to poor image re-
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jection is continuous and is observed
only on certain channels. Interference
due to poor i.f. rejection may be con-
tinuous or intermittent and can be ob-
served on all channels.

A mistake made by many technicians
is taking the receiver back to the serv-
ice shop. Not only is it a waste of time
and money, but the receiver rarely can
be correetly adjusted to reject inter-
ference unless the adjustment is made
while the interference is taking place.
A communications receiver capable of
tuning through the intermediate fre-
quencies is ot zreat assistance to the
technician when servicing a receiver
which is being interfered with because
of poor i.f. rejection. First, it will tell
him whether or not the interfering sig-
nal is in or near the i.f. band, and,
second, whether the receiver requires
i.f. traps or added shielding, if the
signal causing the interference is being
transmitted on or near the i.f.

Poor locations

The service technician who agrees
to service receivers installed in close
proximity to the transmitting sites of
point-to-point radiotelegraph stations
is in for a lot of trouble, since some of
the transmitters at these sites are op-
erating on frequencies in the lower part
of the i.f. band and have power outputs
ranging between 1 and 50 kw. Special
shielding and trapping often help, and
a highly efficient antenna and well
matched transmission line are necessi-
ties. Trapping is rarely completely ef-
fective, however, because most of these
transmitters use beamed transmission
and change power output or shift fre-
quency at unannounced intervals to
take advantage of propagation condi-
tions. Reception in such areas is hardly
ever perfect, despite all precautions.

Interference from signals on the tele-
vision station frequency may be due to
radiation from the local oscillators of
nearby television receivers or to har-
moniecs of FM receiver oscillators. In-
dustrial r.f. heating apparatus and
medical diathermy equipment ecan give
trouble in this way too, but those sig-
nals are rapidly disappearing into one
of the three assigned “noise” bands.

Ideally no receiver should radiate,
but nearly all do, some more than others.
Since the worst interference from other
sets occurs in thickly populsted areas,
especially in apartment houses, this
type of interference might be classified
as resulting from a poor location.

The problem of eliminating it is one
for the manufacturer, not ordinarily
for the technician. However, it usually
saves time and confusion if the tech-
nician at least locates the source of the
trouble for his customer. The offending
set can usually be identified by making
simple on-off tests with nearby re-
ceivers. Sometimes a slight reorien-
tation of the antenna helps.

The "amateur alibi"

The first thought of many technicians
and set owners who know of an am-
ateur in the neighborhood is to blame
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all interference on him. It cannot be
overemphasized that the amateur is to
blame only when he is transmitting ex-
cessive harmonies or other spurious
emissions that are on the same fre-
quency as a local television station and
thereby cause harmful interference
when the complainant’s receiver is
tuned to that frequency.

In spite of this, amateurs with 60
and 70 db of harmonic attenuation are
being taken to task every day. It has
been the observation of Commission en-
gineers that most amateurs are willing
to cooperate with both the consumer
and the service technician. However, in
some cases, this cooperation is pre-
cluded when the consumer is informed
by the serviceman that the interference
is due entirely to the operation o£ the
amateur station. Investigations by
Commission engineers, have time and
again proven conclusively to the set
owner that the amateur is operating
within his rights and that the apparent
interference is due to inadequate design
features in the television receiver.

The first TVI complaint may serve
to inform the amateur of his rights.
In a typical case, a TV antenna 10 feet
from a 10-meter ham antenna carried
TVI down to the receiver. The ham was
notified. He and the service technician
got together. With transmitter on-off
tests the technician found that most of
the interference could be eliminated
with a high-pass filter attenuating all
frequencies below the TV bands. Addi-
tion at the receiver of a trap adjusted
to the amateur’s fundamental frequency
completed the job. The amateur will
usually cooperate with technicians in-
vestigating complaints in nearby re-
ceivers. But he knows that the respon-
sibility is mnot his if he has reduced
harmonics and spurious emissions from
his transmitter to the extent that they
do not cause interference on the same
frequency as that of a local television
station. He is not obliged to conduct
further tests. Nor is he to be blamed
if his irritation at the number of future
unfounded accusations causes him to
lose patience and refuse any aid at all.
That is one excellent reason for making
a genuine investigation of the interfer-
ence source and not jumping at the
nearest “easy’” solution.

Some service technicians attempt to
analyze the causes of interference by
telephone conversations or calling at the
customer’s home at times when the in-
terference is not observed. The only
way to make a proper analysis is to
observe the interference while the re-
ceiver is installed in the consumer’s
home. This may involve working eve-
ning hours in some cases, but it will
certainly reduce the number of future
service calls during the day.

Some conclusions

A very large part of the whole inter-
ference problem lies right in the lap
of the manufacturers. It is not a mat-
ter of “blame” as such, for few re-
ceivers have been deliberately designed
poorly. By the standards of other types
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of home radio equipment, TV sets in
general are well made. But interference
makes a much bigger impression on the
eye than it does on the ear-—a fact that
calls for higher future standards.

It is possible to design a receiver that
will reject all interference not on the
same frequency as the desired -station.
For reasons of cost and because the
amount and degree of interference was
perhaps underestimated, manufacturers
have erred somewhat on the side of in-
sufficient rejection. That this is recog-
nized by the manufacturers themselves
is evident in the improvements in re-
ceivers during the last year.

There are upward of 1,000,000 tele-
vision receivers in the United States,
and there will probably be twice this
number in another year. This is a tre-
mendous field for television sales and
service and to service television re-
ceivers properly will require fast and
efficient servicing personnel.

It is hoped that the interference
problem may be alleviated to some ex-
tent by the tremendous and continued
improvement in receiver design made
by certain companies on their later
models as compared to the receivers on
the market a year or so ago.

TELEVISION DX REPORTS

Apparently propagation conditions
have not been favorable to long-dis-
tance television reception. Just three
letters reporting genuine dx have ap-
peared in response to our queries in the
November issue.

One is a copy of a report written by
H. A. Wenzel of Quiney, Ill., to KPIX,
San Francisco, Calif., reporting recep-
tion on the evening of May 20, 1949.
The signal from KPIX was almost as
strong as that from KSD-TV in St.
Louis, Mo., about 100 miles from
Quiney, which Mr. Wenzel watches
regularly. Other distant stations were
also unusually strong on that night, but
none could be identified. The receiver
was a Motorola VT-107.

Paul O. Kirikamm, WNBK video en-
gineer, Columbia Station, Ohio, sent in
a log showing frequent reception of sta-
tions over 100 miles away and of two
over 1,000 miles distant. Both of the
latter were heard on May 21, 1949. One
was KLEE-TV, Houston, Tex., 1,325
miles away; the other was WKY-TV in
Oklahoma City, Okla., at a distance of
about 1,200 miles. Reception was good
to fair in both cases. The antenna was
a picture-wire folded dipole on a wooden
crossarm, 50 feet above ground. Inter-
estingly, Mr. Kirikamm adds a note
that he installed a commerecial folded
dipole and reflector in July, after which
about 90% of his former dx reception
disappeared! His receiver is a 10-inch
Emerson.

A report from W. W. Wilecox in Rich-
mond, Va., tells us that he picked up
WKY-TV, Oklahoma City, Okla., on
June 22, 1949. A Western Auto antenna
was used with a Truetone receiver. He
reports, too, reception of WMCT, Mem-
phis, Tenn., and stations in Baltimore,
Washington, D. C., and Pennsylvania.
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a 630-Type TV Set

FILTER
CHOKE

CONTRAST

Photo of the parts under the chassis with some of the major parts pointed out.

IKE so many experimenters I've
never been completely satisfied
with standard radio sets. Every
one I've ever bought wound up

with numerous *‘improvements,” some
of which actually improved and others
—well, they were fun doing. Television
hasn’t changed things for me. After
having used a TV set of the 630 type
for several weeks, that old feeling re-
turned. I had to make improvements!
Before muttering “gilding the lily,”
let’s take a look at the 630. It’s a good
set, no doubt about it. But it has some
weaknesses.

First of all, the 10-inch tube is a

little too small for viewing comfort.
So we decided to replace it with a
16AP4. This meant 12,000 to 13,000
volts in place of the existing 9,000-volt
high-voltage supply. It also meant
modification of the vertical and hori-
zontal sweeps to produce a picture with
a maximum size of 14% by 11 inches.

Another bad omission in the 630 is
automatic gain control (in effect, auto-
matie contrast control) the video equiv-
alent of sound radio’s a.v.e. Automatic
gain control (a.g.c.) means less fiddling
with the contrast control as you tune
from station to station and a great
reduction in flickering or blinking of

How to add a larger tube,

a.g.c., and a better a.l. section

By M. HARVEY GERNSBACK

the picture when airplanes are flying
nearby—an effect caused by reflection
of TV waves from the plane’s surface.
We decided to add a.g.c. to our set,

A third shortcoming of the 630 (like
most TV sets) is its audio amplifier.
The sound output is little better than
that of an a.c.-d.c. table radio. We de-
cided to add a 12-inch speaker and re-
vamp the audio stages to incorporate
a large amount of negative feedback.
This would bring the audio system up
to the capabilities of the FM sound i.f.
and discriminator circuits of the 630.

As a final touch we decided to add a
6AL7-GT tuning indicator tube to make
proper setting of the fine tuning con-
trol easy.

Adding the 16AP4

There are several ways to raise the
high voltage to 12,500 volts. Several
parts manufacturers make horizontal
output transformers for this purpose.
Some require the use of an extra 1B3-
GT high-voltage rectifier in a voltage-
doubler eircuit. We decided to use one
of the newer units which develop the
high voltage without the use of a
doubler and its extra rectifier. The unit
(a Guthman 77J1) is a new develop-
ment in powdered-iron-core transform-
ers. Although the manufacturer pro-
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Fig. 1—This diagram shows the changes made in the horizontal sweep, high-voltage, and focusing ecircuits of the 630.

vides an instruction sheet for connect-
ing this unit, other circuit changes had
to be made to get the proper high volt-
age and sufficient horizontal sweep. The
revised circuit is shown in Fig. 1. The
changes are indicated in color in the
diagram. Where values have been
changed, the old is shown crossed out
and the new printed in color. The value
of the 680-uuf capacitor in the hori-
zontal drive control circuit is critieal.
Small changes affect horizontal linear-
ity at the edges of the picture and also
have a considerable effect on the maxi-
mum value of the high voltage. In my
set the proper value was found to be
600 puf. The 10-ohm resistor in series
with the horizontal centering poten-
tiometer permits proper horizontal cen-
tering. Replacing the old 20-ohm po-
tentiometer with a 30-ohm unit will
have the same effect. However, it is dif-
ficult to remove the old unit.

The 16AP4 uses the same socket as
the 10BP4. The only change in socket
wiring is to return the lead from pin 10
to the slider on the height control as
shown in Fig. 1. The 12.5-kv lead con-
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Fig. 2—This é.g.c. cireuit improves the performance of 630-type chassis.

nects to the metal cone of the 16AP4 at
its lip. If you use one of the vinyl in-
sulating sleeves made to cover the tube,
° connect the high voltage to the snap-on
connector on the sleeve and fold the
sleeve contact strip over the lip of the
tube. The tube may be mounted on the
chassis by using one of several special
brackets made for the purpose.
The new horizontal output trans-
former will not work with the old width
control coil. A special matching width
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Fig. 3—Revisions for contrast control
circuit. Colored parts were eliminated.
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control coil comes with the transformer.
Because of the short 1B3-GT filament
leads on the transformer, we had to re-
mount the 1B3 socket after rotating it
90 degrees. Originally it mounted on the
wall of the high-voltage cage. It now
mounts on the chassis.

Mount the 500-uuf capacitor, shunt-
ing the 1B3-GT in the same position as
the oid 500-uuf unit it replaces, if space
permits. The second 500-uuf capacitor
is mounted close to the first. We drilled
a hole in the chassis just large enough
to insure a tight fit for its rod terminal,
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Fig. 4—Inverse feedback improves the sound; indicator makes tuning easier.

which we soldered to the underside of
the chassis. All other connections to
these capacitors are made with small
clips. Be sure to leave at least 1 inch of
clearance between the high-voltage
points and surrounding objects. Avoid
pointed contacts on high-voltage lines.
They can cause troublesome corona and
arcing.

Vertical sweep changes

The only changes in the vertical sweep
circuit are to change the 56,000-ohm re-
sistor in series with the height control
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to 100,000 ohms (see Fig. 1), the 2,700-
ohm (1,800 in some sets) fixed cathode
bias resistor of the 6K6 vertical output
tube to 1,500-ohms, and the 10,000-ohm
6K6 plate dropping resistor to 1,000
ohms.

The 16AP4 requires a more powerful
focusing coil. Use one similar to the
RCA 202D2 which has a d.c. resistance
of 470 ohms. See Fig. 1 for changes in
resistors associated with the focus coil
circuit.

The A.G.C. system

The a.g.c. system (Fig. 2) is a modi-
fication of the circuit used by RCA in
more expensive versions of the 630 (the
8TV41 and the 648PTK). The carrier
amplitude of a TV transmitter varies
with changes in picture content, so an
ordinary a.g.c. operating to maintain a
constant carrier amplitude (as in radio
a.v.c. systems) is not suitable. However,
the peaks of the synchronizing pulses
which accompany all TV transmissions
are at a uniform maximum amplitude
level corresponding to 1009% modulation
(the so-called blacker-than-black level
of video signal). These peaks can there-
fore be used to operate a video a.g.c.

Part of the video i.f. is tapped off the
second video detector and rectified by
the 1N60 crystal which operates as a
peak rectifier at the horizontal sync
frequency (15,750 cycles). Its rectified
output is thus proportional to the peak
carrier amplitude of the received signal.
If the signal fades, the rectified output
decreases; if it increases in strength,
the rectified voltage increases. This rec-
tifier will also rectify the peaks of noise
pulses in the same way. Thus a noise
burst could cause the a.g.c to function,
reducing gain and blanking out the pic-
ture. To reduce this effect the diodes of
the 6AT6 are connected as a two-stage
noise limiter or clipper. To further pro-
tect against noise pulses the rectified
d.c. goes through an integrating net-
work (in effect a low-pass filter) made
up of the 470,000-ohm resistor and the
0.25-pf capacitor in the grid circuit of
the 6AT6. The d.c. output from the in-
tegrator is too small to be used to con-
trol the if.-r.f. gain. In addition, the
voltage becomes more positive with in-
creasing signal strength. For a.g.c. it
is amplified and inverted by direct
coupling to the 6AT6 triode grid. The
6AT6 operates with its cathode at about
—100 volts and its plate between 0 and
—-33 volts, depending on received car-
rier strength. This voltage is used to
control grid bias of the r.f. and i.f. am-
plifiers.

With a weak signal the 6AT6 cathode
bias causes it to operate with almost no
plate current. Consequently there is
little voltage drop across the 68,000-and
27,000-ohm plate load resistors and the
plate is nearly at zero potential. The
available r.f.-i.f. bias control voltage is
also nearly zero. In the presence of a
strong signal the rectified output of the
1N60 opposes the 6AT6 fixed bias, caus-
ing plate current flow and a voltage
drop across the plate load resistors. The
6AT6 plate goes increasingly negative

as signal strength increases. This nega-
tive voltage is applied to the grids of
the r.f. and i.f. amplifier tubes to con-
trol gain.

The r.f. amplifier uses a 6J6 triode
while the i.f. video amplifier uses 6AG5H
variable-mu pentodes. Because the con-
trol-grid characteristics of these two
types are not the same, the bias volt-
ages applied to them must be different.
For maximum signal-to-noise ratio on
weak signals, the r.f. bias should be
held at zero for all signals below the
level which causes overloading of the
first i.f. amplifier. This is the reason for
the inclusion of the 1N34 and the con-
nection of the r.f. bias return to B-plus
(135 volts) through the 1.2-megohm
resistor. This resistor establishes a
bucking delay-bias voltage on the r.f.
bias bus which holds the rf. grid at
zero until the signal has increased a.g.c.
bias sufficiently to overcome the delay
voltage. Thereafter the r.f. bias in-
creases with the drop across the 6AT6
plate load. The i.f. bias bus is connected
in the 1N34 circuit. On weak signals
the 1N34 cathode (which is at the same
potential as the 6AT6 plate) is positive
with respect to its plate and does not
conduct. The i.f. bias then follows the
variations in 6AT6 plate voltage. When
the received signal exceeds a certain
value, the 1N34 cathode becomes more
negative than its plate. The 1N34 then
conducts, causing a voltage drop in the
series 100,000-ohm resistor. This drop
limits the maximum value of i.f. bias
developed to about -3 volts at even the
strongest signal inputs. The r.f. bias is
not limited in this way and increases
with increasing signal strength to a
maximum of about -6 volts. Fig. 3 shows
the 630 contrast control circuit before
the modication with removed parts
shown in coler.

Germanium diodes are used in the
a.g.c. circuit to avoid adding another
tube socket to the set and to eliminate
additional heater current drain on the
set. The pictorial details A and B show
placement of the new wiring and
parts for the added a.g.c. circuit. Since
the 6AT6 a.g.c. amplifier is an extra
tube, one tube had to be eliminated
from the original 630. The 6AL5 video
detector and d.c. restorer was replaced
by two germanium diodes. Two 1N34’s
can be used with little reduction in per-
formance although we used a 1N60 de-
tector and a 1N38 d.c. restorer.

The old dual volume-contrast control
is converted to a volume-tone control
(an RCA dual control No. 74048 from
a 9T270 receiver is the replacement).
The single brightness control is re-
placed with a dual contrast-brightness
control (ancther RCA replacement part,
No. 71971 from a 648 PTK receiver). 1f
these controls are not available, use in-
dividual controls. The values of R1 and
R2 are critical. If possible, measure
voltages with a v.t.v.m. after wiring is
completed. With the set operating, but
no signal coming in, r.f. bias should be
about ~23 volts with contrast at mini-
mum and zero with contrast at maxi-
mum. The i.f. bias should be —6.8 and
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-1 volts and 6AT6 plate voltage —33
and -0.3 volts at minimum and maxi-
mum settings, respectively, of the con-
trast control.

L185 must be realigned after the al-
terations are completed. If a sweep gen-
erator and ’scope are not available, feed
in an AM signal of exactly 23.4 me at
the antenna terminals with selector set
for channel 13. Connect a v.t.v.m. across
the 4,700-ohm load of the 1N60 video
detector. Adjust 1185 for maximum
output.

The audio system

The revised audio amplifier is shown
in Fig. 4. Power output is unchanged;
but frequency response is flattened to
within 1 db from 100 to 12,000 cycles,
and distortion is reduced by a factor of
10 to 1 through use of 20 db of negative
feedback between the speaker voice coil
and the first a.f. stage cathode. The
large amount of feedback reduces audio
gain to one-tenth of its original value.
To make up the lost gain, the 6AT6
first audio stage is replaced with a
6AUS6 pentode using cathode bias. (Save
the 6AT6 for the a.g.c. amplifier.) The
values of coupling capacitors and grid
resistors are also changed to improve
frequency response.

A new and larger output transformer
(a Peerless S-472-X) was added to im-
prove tone quality. The unit was a com-
promise between a high-quality trans-
former and a cheap replacement type.
If the audio amplifier squeals after the
rewiring is completed, reverse the pri-
mary leads of the output transformer
to change the phase of the feedback.
The original speaker was replaced with
a 12-inch, permanent-magnet speaker
with a 4-ohm voice coil. The field coil of
the old speaker had been used as the
set’s filter choke. A heavy-duty, 25-ohm,
open-frame choke mounted on one wall
of the chassis replaced it. The last
change in the a.f. system was to elimi-
nate the two parallel 2,200-ohm re-
sistors in the 6K6 B-plus line and re- °
turn the B-plus line to the low-voltage
side of the filter choke instead of to the
5U4-G cathodes. This change reduced
hum markedly. An optional addition is
the tone control shown in the schematic.
This is a simple high-cut affair.

While the improved audio is not a
high-fidelity system, it’s flattened fre-
quency response and greatly reduced
distortion puts it in the “near high-fi-
delity”’ class within the limits of its 2
watts of output. And it’s a tremendous
improvement over the original.

Tuning eye

As a final touch we added a 6AL7-GT
tuning-eye tube to the sound i.f. sys-
tem (see Fig. 4). This tube gives visual
indication when the fine-tuning control
is properly adjusted for best sound.
The tuning indicator is in the sound
channel because sound tuning is sharper
than video tuning.

With all these changes, the old 630
can stand up to most 1950 receivers
and look down on the audio channels
of many.

RADIO-ELECTRONICS for
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ODAY’S television receivers have

two principal systems of obtain-

ing a sound i.f. The older- (and

still conventional) method is to
beat both sound and video carriers
against the local oscillator signal and
obtain separate intermediate frequen-
cies, each to be amplified by its own i.f.
strip. From the mixer on, in other
words, there are really two separate
receivers.

The newer intercarrier system offers
a saving in the total number of stages
in the set and greatly reduces the bad
effects of oscillator drift. It is based
on the fact that all channels have video
and sound carriers exactly 4.5 me
apart. The principle is to treat the
video i.f. carrier as a “local oscillator”
and to beat the audio i.f. carrier
against it to obtain a 4.5-mc difference
frequency. Since the 4.5-mc interval is
wholly controlled by the expensive and
precise circuits of the transmitter (of
which the FCC requires great accu-
racy), the 4.5-mc beat is always ex-
actly 4.5 mc; and, provided the re-
ceiver is accepting the television signal
at all, it is impossible to detune the
audio by local-oscillator drift or mis-
handling of controls.

The diagram of Fig. 1 compares the
two systems in convenient block form.
For illustration, let us assume the re-
ceiver is tuned to channel 2.

The 55.25-mc video carrier and the
59.75-me sound carrier enter the re-
ceiver, go through the r.f. amplifier,
and enter the mixer, where they beat
with the local oscillator. So far, both
receivers are alike, which is shown by
placing the similar stages outside the
dashed enclosure.

In both receivers two beat frequen-
cies are obtained, the difference be-
tween the sound carrier and the oscil-
lator, and that between the video car-
rier and the oscillator. In the conven-
tional set (upper diagram), these two
beats are sent into separate i.f.-am-
plifier strings, one tuned to 25.75 mec
and the other to 21.25 mc. From the
first i.f. amplifier on, each section,
sound and picture, is treated as a sepa-
rate receiver.

The intercarrier scheme

The intercarrier receiver is a dou-
ble-superheterodyne as far as the sound
signal is concerned. The two r.f. sig-
nals pass through the r.f. amplifier and
mixer, just as in the standard set, and
beat against the local oscillator to pro-
duce the two i.f. signals. But here the
big difference begins.

Refer to the lower block diagram of
Fig. 1. Instead of entering two sepa-
rate i.f. strips, the two i.f. signals enter
a single i.f. amplifier. Its band width
is 6 mec (ideally) so that it can accept
both signals and all the desired side-
bands. The two i.f. signals are still
exactly 4.5 mc apart.

*Chief Technical Editor—John F. Rider, Publisher.
Inc., N.Y. Co-Author of FM Transmission end
Reception, Television—How it Works, and other
bocoks.
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TheoryandPractice

of Intercarrier TV

Part I-An explanation of
how intercarrier operates

By SEYMOUR D. USLAN*

After amplification, the two signals
reach the second detector. This is called
the video detector in conventional re-
ceivers, since it deals with the video i.f.
only; but in intercarrier it deals with
the sound signal as well, and is often
called simply the second detector.

This diode detector rectifies the two
signals and passes them to the video
amplifiers. The video i.f. is an AM
signal, so the detected result is the
composite picture signal, ready for
amplification and application to the
C-R-tube grid and the sync separators.
The sound i.f. is FM, however; there-
fore, rectifying it yields no audio signal.

A detector and a mixer are similar,
both being nonlinear circuit elements.
The two frequencies passing through
the second detector, the sound i.f., and
video i.f., mix and produce a beat note
equal to their difference, 4.5 me. This
4.5-mc signal is frequency-modulated
exactly the same as the original sound
r.f. and i.f. signals were. The frequency
of the beat at any instant depends on
the frequency of the video i.f. (con-

stant at 25.75 me) and of the sound

i.f. (21.25 me, frequency-modulated =+
25 ke).

A 4.5-mc trap removes the new 4.5-
me sound i.f. signal from the video fed

to the picture tube. The trap is usually
a double-tuned transformer, the sec-
ondary of which carries the 4.5 me FM
to a sound i.f. amplifier, after which
it is detected and the audio amplified
for the loudspeaker. Any small amount
of AM remaining on the sound FM
signal as the result of the mixing in
the second detector is removed by the
FM detector.

Carrier cmplitude relationship

The most important point about this
system is the required amplitude re-
lationship between the video i.f. and
the sound i.f. carriers at the input to
the video detector. The amplitude of
the FM sound i.f. carrier must be much
less than that of the video i.f. carrier
to have the 4.5-mc beat note contain
mostly FM and very little video (AM)
modulation.

When two unmodulated r.f. signals
are mixed and detected, the resultant
signal has frequency equal to the dif-
ference between the two and an ampli-
tude equal to that of the smaller signal.

Now suppose we mix an AM signal
and an unmodulated r.f. signal. This is
the heterodyning process used in AM
superheterodynes, where the local os-
cillator is the unmodulated signal. The

CONVENTIONAL SYSTEM
VIDED -55.25MC  SOUND-59.75MC
i e ——— ﬂ
REAWLL , MIXER Ul ] BT —={ VIDEO AMPL ! C-R TUBE
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Fig. 1—Block diagrams compare two systems. Receivers are tuned to channel 2.
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oscillator signal must be much stronger
than the input r.f. if the i.f. is to con-
tain approximately the same degree of
modulation as the r.f. carrier did. If
the oscillator is weak, the modulation
percentage of the resultant i.f. is low.
If the oscillator is very weak, the i.f.
may contain practically no amplitude
modulation at all.

In mixing an FM signal and un-
modulated r.f. the situation is very dif-
ferent. No matter what the relative
strengths of the signals, the beat note
is frequency-modulated to the same
degree as the input FM signal. That
means that variations in frequency of
any one signal in a mixing process will
result in the same frequency variations
in the beat. The amplitude of the beat
is, however, mainly dependent upon
the weaker of the two input signals,

AM VIDEO IF SIGNAL (25.75MC)
a

AR ARNANA

FM SOUND IF SIGNAL (21,25 MC)
b

ACVUAMAAAVAR AN

RESULTANT FM 4.5MC SOUND IF
4

Fig. 2—Video and sound i.f.s (a and
b) mix in the second detector to pro-
duce the 4.5-mc FM signal shown at c.

no matter which one is frequency-modu-
lated.

We now come to the process of mix-
ing the AM video i.f. and the FM
sound if. in the second detector. The
first object is to obtain a beat note
which is frequency-modulated to the
same degree as the original r.f. and
the 21.25-mc sound i.f. As demonstrated
a few paragraphs back, the only re-

Television

quirement is that the video i.f. fre-
quency remain constant, so there is
no problem here.

The second object is to keep the
4.5-mc beat note as free of AM as pos-
sible. The answer to this problem is to
keep the amplitude of the 21.25-me
sound i.f. low compared with that of
the video i.f. At the second detector of
an intercarrier receiver, the sound i.f.
is the equivalent of a local oscillator
signal and the video i.f. is the equiv-
alent of an AM signal in a broadcast
set. To reproduce the amplitude modu-
lation, the oscillator signal (or the
sound i.f. in this case) must be much
stronger than the incoming AM signal
(the video i.f. here). The sound i.f. is
actually made much weaker. As a re-
sult, little or none of the AM appears
in the 4.5-mc beat. The FM is still
there, of course, so the beat can be am-
plified and detected as a simple low-
frequency FM carrier.

Fig. 2 gives a rough picture of the
waves with which we are concerned.
At a appears the video-modulated AM
i.f. At b is the FM sound i.f.,, whose
amplitude is much lower. At ¢ is the
4.5-mc beat note. It is frequency-modu-
lated like the wave at b, and its ampli-
tude is approximately equal to that at
b, following the rule that the amplitude
of a beat depends on the strength of the
weaker of the two original signals. No-
tice that while the beat at ¢ has some
AM, there is not very much. What
there is will be washed out in the dis-
criminator or ratio detector.

I.f. response curves

Fig. 3 is a drawing of standard and
intercarrier over-all if. responses.
The right side slopes in the usual man-
ner and accounts for the video i.f. sig-
nal and its vestigial sideband. This is
the same for both receiver types.

Curve 1 at the left is found in the
video i.f. response of standard receiv-
ers. Traps tuned to the sound i.f. fre-
quency remove the unwanted signal
from the video channel, and curve 1
shows a sharp dip at the sound fre-

quency as a result of the traps. The
small peak at the left appears in most
receivers using traps.

Curve 2 is the standard intercarrier
response, in which the sound i.f. fre-
quency is greatly attenuated by the
slope of the response, but not trapped

Fi

"\Resomnr FREQ OF NEW TRAP (
VIDED IF CARRIER 25.75MC
SO cmmen A

FREQUENCY —>~

Fig. 3—Standard.receiver i.f. response
(1) and two for intercarrier (2 and 3).

out entirely. Standard i.f. transformers
need be broad-banded only a little more
than usual to include the sound fre-
quency, especially as its level must be
kept low to prevent the 4.5-me, sec-
ond-detector beat from being ampli-
tude-modulated.

Curve 2 has the disadvantage that
it is not symmetrical on either side of
the center frequency of the sound i.f.,
so that the FM is slope-detected, with
resulting distortion of both sound and
picture. To prevent distortion, the
sound i.f. amplitude must be limited to
from 5 to 7.5% of the picture i.f.

Curve 3 cures this fault by providing
a peak at the sound i.f. frequency.
Though the peak looks narrow, the
swing of the FM is only 50 ke, about
1% of the video bandwidth; therefore,
the peak effectively provides a flat-
top response for the sound signal. The
peak is obtained by inserting in the i.f.
amplifiers, a trap tuned slightly above
the sound i.f. The peak slightly below
trap resonance results from the same
tuned-circuit action that produces the
peak in curve 1. The amplitude of the
sound carrier can now be increased to
about 15% of the picture signal with-
out distortion, and the FM detector can
take care of the resulting AM on the
4.5-mc sound beat.

TRANSMISSION-LINE CONSTANTS

OLID-DIELECTRIC co-axial and

polyethylene-ribbon transmission

lines are rapidly replacing open-

wire types used in connecting an-
tenna systems to receivers and to trans-
mitters running up to 1 kilowatt input.
These types of lines are used almost
exclusively on television and FM re-
ceiving antennas. This is particularly
true where the slight increase in trans-
mission loss is overshadowed by ease of
installation and added flexibility. They
are also used as filters, wavetraps, im-
pedance-matching devices, delay lines,
and attenuating circuits.

By ROBERT F. SCOTT

Commercial transmission lines are
currently available, with impedances of
35, 50, and 70 ohms in single-conductor
types; 75, 90, and 300 ohms for twinax
and twisted-pair types; and 75, 150,
and 300 ohms for ribbon types.

The characteristics or surge imped-
ance of a single-conductor co-ax or rib-
bon line is determined by its inductance
and capacitance. Both these factors are
governed by the diameters of the con-
ductors and the spacing between them.
The impedance of twinax or two-con-
ductor types is much more complex be-
cause the diameters of the inner con-
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ductors, the diameter and dielectric
constant of the insulating material, the
center-to-center spacing of the inner
conductors, the ratio of the dielectric
diameter to conductor spacing, and the
ratio of the conductor spacing to con-
ductor diameter are all governing fac-
tors.

Electromagnetic waves are slowed
down from their normal 186,000 miles-
per-second velocity when they pass
through solid dielectrics. Therefore, a
single cycle of a given frequency will
not travel as far on an insulated trans-
mission line as it would on a line in
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free space during the same perind of
time. For this reason, one wovei...gth
at any given frequency will be shorter
on an insulated transmission line than
on a line in free space. Because it is
often necessary to cut a transmission
line to a given wavelength, we must

ELECTROSTATIC SHIELD,y  ,~OUTER SHIELD __
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This circuit measures velocity factor.

know the relationship between actual
physical wavelength and the electrical
wavelength. Manufacturers of various
types of transmission lines have sim-
plified calculations for the user by com-
paring the velocity of electromagnetic
waves through the dielectrics they use
to the velocity of waves in free space.
This ratio, expressed as a percentage,
is called the velocity factor or velocity
of propagation.

The circuit shown in the diagram was
developed for measuring velocity of
propagation (V.P.) in transmission
lines. This device, deseribed in detail in
the July, 1946, issue of Electronics, con-
sists of a 95~105-me oscillator and a
v.t.v.m. resonance indicator. The oscilla-
tory circuit consists of L1 and its shunt
capacitors. The indicator has a similar
tuned circuit ganged to that of the os-
cillator. The bottom end of L2 is open
and connected to a receptacle for the
transmission line to be tested. The cir-
cuits are designed to track but they do
not do so until the lower end of L2 is
returned to ground by shorting the re-
ceptacle. When a transmission line is
connected to the receptacle, it will have
negligible impedance when it is an odd
number of quarter-wavelengths long at
the oscillator frequency. The velocity
factor V.P., in percent, is then equal to
2/3f, where f is the test frequency. For
example: If a 1%-meter length of co-
axial line resonates at 97.5 me, V.P. =
24 X 97.5 me = 65%.

According to Bach (“The Trombone
T,” CQ, March and April, 1947), the
electrical and actual physical wave-
lengths are equal when the currents in
the two conductors are in phase; as in
a folded dipole. When they are out of
phase, as in a matching stub or trap,
the electromagnetic field passes through
the dielectric and the physical length is
reduced by the velocity factor.

Because insulated transmission lines
are becoming more popular as new de-
vices are developed and wew applica-
tions found, two tables have been pre-
pared giving pertinent characteristies
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of most of the available types of cables.
Table I lists characteristics of the RG-
/U co-axial cables. The velocity-of-
propagation factor is 65% for RG-21,/U
attenuating co-ax and 65.99% for the
others. Capacitance ratings in micro-
microfarads per foot and attenuation in
decibels for each 100-foot length will
prove valuable in selecting cable for a
particular job. Conductor and outside
diameters are given as an aid to identi-
fying unmarked cables. The color of the
jacket may be a useful factor in iden-
tifying unmarked co-axial cable. Black
jackets are used on RG-5/U, -8/U,
-11/U0, -13/U, -15/U, -22/U, -34/U,
-57/U, -58/U, -58A/U, -59/U, and
-62/U; grey on RG-6/U, -9/U, -9A/U,
-10/U, -12/U, -14/U, -17/U, -18/U,
-19/U, -20/U, -21/U, -42/U, and -74/U;
while RG-29/U, 54A/U, -55/U, and
-71/U have brown or natural polyethy-
lene outer jackets. Table II covers the
popular types of ribbon-type lines.
Most observers have probably won-
dered why some polyethelyne insulation
is almost clear or milky-white and other
types are dark brown. We found the
answer in the July, 1949, issue of Am-
phenol Engineering News. Ultra-violet
rays from the sun cause natural polye-
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thelyne to become suntanned so it begins
to crack and break up. After blue, red,
black, brown, and orange pigments were
used, the present brown was found to
have the lowest power factor and will
stand up better than the other types
tested, for a period of approximately
15% months. After this time, the line
begins to crack and should be replaced.
Natural polyethelyne has a lower power
factor than the brown type when it is
first put into service, but the brown is
better after two or three months and
remains so for its life span of approxi-
mately 16 months.

The choice of co-axial or ribbon-type
transmission lines depends on a num-
ber of factors. For example, co-axial
lines are recommended as TV lead-ins
when the line passes through a high-
noise area. The type of cable matters
little in strong-signal areas so long as
its impedance is correct. In fringe
areas it will be necessary to select the
cable with the lowest attenuation fac-
tor. Obviously, if it is necessary to in-
sert a specified amount of loss in a
52-ohm line, all you need do is insert a
length of RG-21/U cut to give the
desired amount of attenuation at the
center frequency.

TABLE
| Loss in Decibels Per 100 Feet
Imp. RG- Cap. Center 0.D.
(Ohms)| /U [ ( Ft.f) cond. | (inches) Megacycles
uul |

| 1 4 8 | 60 | 100 | 200 | a0
3/ | 83 35 #10 0.450
51 9,9A| 30 7=-21 0.420 | 0.130 | 0.295 0.450 1.000 1.50 | 2.10 | 3.30 | 4.50
52 10 295 7-21 0.425 | 0.130 | 0.295 | 0.450 1.000 1.0 | 2.10 | 3.30 | 4.50
52 8 2.5 7-21 0.405 | 0.130 | 0.295 0.450 | 1.000 1.560 | 2.10 | 3.30 | 4.50
52 14 28.5 #10 0.545 | 0.80 0.180 0.290 | 0.635 1.00 | 1.40 | 2.15 3.35
52 17 29.5 0.188 0.975 | 0.038 | 0.100 | 0.155 0.380 | 0.60 | 0.85 1.30 | 2.10
52 | 18 29.5 0.188 0.945 | 0.038 | 0.100 | 0.155 0.380 | 0.60 | 0.85 1.30 | 2.10
52 19 29.5 0.250 1.120 | 0.030 | 0.078 0.122 | 0.300 | 0.49 0.70 [ 1.10 1.75
52 20 29.5 0.250 1.195 0.030 | 0.078 0.122 | 0.300 0.49 | 0.70 1.10 1.70
52 58A 28.5 7-29 0.195 |
52 74 29.5 #10 0.615 | 0.080 | 0.180 | 0.290 | 0.635 | 1.00 | 140 2.15 | 3.35
52.5 5 28.5 #16 0.332 | 0.200 | 0.440 0.650 | 1.370 | 2.00 | 2.65 3.85 | 5.60
53 21 29.0 #16N 0.332 1.300 | 2.650 | 3.800 "800 | 11.60 | 14.00 | 20.00 I 34.00
53.5 | 29 28.5 #20 0.184 0.240 | 0.560 | 0.880 1950 | 3.00| 4.10| 6.20 | 9.50
53.5 | 55 28.5 #20 0.206 0.240 | 0.560 | 0.860 1.950 | 300 4.10 | 6.20 | 9.50
53.5 | 58 28.5 #20 0.195 0.240 | 0.560 | 0.869 1.950 | 3.00 | 4.10 | 6.20 | 9.50
58 54A 26.5 7=0152 0.250 }
n 34 21.5 7=21 0.626 | 0.115 | 0.270 | 0.410 | 0.940 1.40 190 | 2.85 | 4.35
72 serr 215 #9 0.870 | 0.020 | 0.058 | 0.100 | 0.275 [ 0.46 | 0.70 1.15 | 2.00
73 59 21 #22CW 0.343 0.260 | 0.590 | 0.880 900 | 2.80 | 3.75| 5.60 | 8.30
74 13 20.5 7-28T 0.420 | 0.115 | 0.270 | 0.410 | 0.940 1.40 | 1.90 | 2.85 | 4.35
75 n 20.5 7-26T 0.405 | 0.115 0.270 | 0.410 | 0.940 | 1.40 | 1.90| 2.85 4.35
75 12 20.5 7-26T 0.475 | 0.115 | 0.270 | 0.410 | 0.940 140 | 1.90 | 2.8 | 4.35
78 8 20 #21CW 0.332 0.200 | 0.440 | 0.650 | 1.370 | 2.00 | 2.65| 3.85 | 5.60
78 15 20 #21CW 0.545 | 0.080 | 0.200 | 0.310 | 0.730 1.10 1.50 | 2.40 | 3.65
93 62 13.5 #220W 0.242 | 0.280 | 0.570 | 0.810 1.600 | 2.30 | 3.05| 4.40 | 6.30
93 7 13.5 #22CW 0.250 | 0.280 | 0.570 | 0.810 | 1.600 | 2.30 | 3.05 | 4.50 | 6.30
95 22 16.0 had 0.405 0.220 | 0.500 | 0.750 1.700 | 2.50 | 3.40 | 5.20 | 8.30
95 57 17 hid 0.645 0.180 | 0.410°| 0.620 [ 1.400 | 2.13 2.90 ( 460 7.30

All cables have velocity factor of 65.8%, except RG=21/U. CW--Copperweld.

Notes: '—Spaecial attenuating cable. Velocity factor 65%,. ****—Amphsnol number 21-125.

N—Nichrome conductor.
T—Tinned copper.

***—Twin conductors; each seven strands of .0152-inch copper.
**—Twin conductor: each seven strands of No. 21.

TABLE I
RIBBON-TYPE TRANSMISSION LINES

A | Loss In Decibels Per 100 Feet
mph-
Imp enol V.P. | Max.
(Ohms)| Num- | 9 | Width Megacycles B
ber | |
3.5 ' 7.0 ‘ 14.0 [ 28.0 50.0 ‘ 100 ‘ 144 | 200 } 400
1
75! | 14-080 | 68 9/64 | 0.37 0.64 1.0 | 1.90 3.00 8.8 | I
752 | 14-023 | 71 6/16 | 0.29 0.49 0.82 [ 1.40 2.10 4.8 |
150! | 14-078 | 77 3/16 | 0.20 0.35 0.60 1.00