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() years of leadership

or Radio-Television

BUILD, EXPERIMENT, EXPLORE, DISCOVER
WITH NRI SPECIAL TRAINING EQUIPMENT

Begin now an exciting adventure. learn by doing with
custom-designed training equipment that gives you on-
the-job experience as you train at home. "'Stock’ or
“standard” equipment has never been good enough
for NRI. The kits you receive are designed exclusively
for experience, for bringing to life the things you read
about in programmed "bite size'' texts. It's the neces-
sary "third dimension” in NRl's training method.

Blhese Men Trained for Success

with NRI—YOU CAN, T0OO
o

"l want to thank NRI for making it all possible,' says Robert
L. 'Heureux of Needham, Mass., who sought our job con-
sultant's advice in making job applications and is now an
Assistant Field Engineer in the DATAmatic Div. of Minneapo-
lis-Honeywell, working on data processing systems.

His own full-time Radio-TV Servicing
Shop has brought steadily rising income to Harlin C.
Robertson of Oroville, Calif. In addition to employing a
full-time technician, two NRI men work for him part-time.
He remarks about NRI training, "I think it's tops."

Even before finishing his NRI training, Thomas F. Favaloro,
Shelburne, N.Y., obtained a position with Technical Appli-
ance Corp. Now he is foreman in charge of government
and communications divisions. He writes, "As far as | am

concerned, NRI training is responsible
. formywhole future.”

s

1 7 - recommend the NRI course to

anyone who has a desire to get

ahend," says Gerald L. Roberts, of Champaign, Ill., whose

Communications training helped him become an Electronic

Technician at the Coordinated Science laboratory, U. of
Hlinois, working on Naval research projects.

' NATIONAL RADIO INSTITUTE

“ Oldest and largest school of its kind

www.americal

1
2
J
4
9
b
1
8
9
0

Choose From NRI'S
Specialized Instruction Plans

Television-Radio Servicing

Learn to fix black-and-white and color sets, AM-FM radios, stereo
hi-fi, etc. A profitable field for part or fuli-time business of your own.

Industrial-Military Electronics

Learn Principles, Practices, Maintenance of Electronics equipment.
Covers computers, servos, telemetry, multiplexing, other subjects.

Complete Communications *
A comprehensive program for careers in broadcasting or mobile,
marine, aviation communications. Learn to operate, maintain trans-
mitting equipment. Prepares for FCC Llicense.

FCC License *

Prepares you quickly for First Class license exams. Every communica-
tions station'must have licensed operators. Also valuable for Service
Technicians.

Math for Electronics

A short-course of carefully prepared texts going from basic arith-
metic to graphs and electronic formulas. Quick, complete, low in cost.

Basic Electronics

Abbreviated, 26-lesson course covering Automation-Electronics,
TV Radio language, components, principles. Ideal for salesmen,
hobbyists, others.

Electronics for Automation

For the man with a knowledge of basic electronics who wants to
prepare for a career in process control, ultrasonics, telemetering
and remote control, electromechanical measurement, others.

Aviation Communications*

For the man who wants a career in and around planes. Covers
direction finders, ranges, markers, loran, shoran, radar, landing
system transmitters. Prepares for FCC license.

Marine Communications *

learn to operate, repair transmitters, direction finders, depth indi-
cators, radar, other Electronic equipment used on commercial and
pleasure boats. A growing, profitable field. Prepares for your FCC
license.

Mobile Communications *

learn to install, operate, maintain mobile equipment and associated
base stations as used by police, fire departments, taxi companies,
etc. Prepares for FCC Llicense.

*NOTE : You must pass your FCC license exams (Communications Courses! or NRI
refunds in full the tuition you have poid.

H0B AND BUSINESS
OPPORTUMITIES IN
ELECTRONICS

SEND FOR Bz
NEW NRI
CATALOG

Read the story of NRI's half-century of pioneer-
ing and leadership in training men at home for
Electronics. Read about the NRI "3-Dimensional"!
method that speeds your progress. Read about
NRI's exclusive Achievement Kit, sent to you
the day you enroll. See the fascinating equip-
ment that brings to life things you read about in
"bite size" texts. Mail postage-free form today.

IcCOMm

———
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NRI offers you over s
In home-study training
Electronics-Automatior

Back in 1914, a school teacher named
Jomes E. Smith started giving extra in-

"mysterious” new field of radio. From
that small beginning, National Radio
e smun,INSfifute has grown to be America’s
Founder—1914.  o|dest and largest home-study school
in the field of Electronics. Nearly three-quarters of a
million students have enrolled with NRI. Half a century
of experience is behind the NRI instruction plan you
select. Half a century of simplifying and perfecting
training to make home-study easier, more interesting,
more meaningful. Even men who didn't complete high
school can successfully learn Electronics the NRI way.
Ask men whose judgment you respect about NRI, and
send for the new catalog we offer. Read about
opportunities in Electronics, about new developments,
about NRI itself and the variety of training plans we
offer you. Mail postage-free card today. NATIONAL
RADIO INSTITUTE, Washington, D.C.

CUT OUT AND MAIL |

NEW CATALOG FREE

: "";f!* struction to four of his students in the
ol ‘

NO STAMP NEEDED—NRI PAYS POSTAGE

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016 2-125

Please send me your new catalog. | have checked the field(s) of
most interest to me. (No salesman will call. Please PRINT.)

[ Tv-Radio Servicing (] Basic Electronics

[ tndustrial Electronics [ Electronics for Automation

[0 Fcc License (] Marine Communications

[J Math for Electronics [J Mobile Communications

Name Age

Address.

City State Zip Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

|
I
|
|
|
|
|
I
I
O Complete Communications [J Aviation Communications l
[
[
I
I
I
I
|
I
I
|
]
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Every 40 seconds a burglary takes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.H.F. Doppler Ra-
dar System which saturates the
entire protected area with invis-
ible r.f. microwaves. It provides
complete wall to wall—floor to
ceiling protection for an area of
up to 5,000 square feet. Without
human movement in the pro-
tected area, the microwave sig-
nal remains stable. Any human
movement (operation is unaf-
fected by rodents and small ani-
mals)in the area causes the dop-
pler signal to change frequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small fre-
quency change, amplifies it and
triggers the police type siren—
which is heard up to a half mile
away.

In addition, the RADAR SEN-
TRY ALARM’s protection can be
extended to other areas with the
use of the following optional ac-
cessories:

« remote detectors for extending
coverage to over 10,000 sq. ft.

« rate of rise fire detector U.L.
approved for 2,500 sq. ft. of
coverage each (no limit on the
number of remote detectors
that can be used)

« hold-up alarm

« central station or police station
transmitter and receiver (used
with a leased telephone line)

» relay unit for activating house
lights

- battery operated horn or bell
which sounds in the event of:
powerline failure; equipment
malfunction or tampering

December, 1965

At that rate, it's a multi-million
dollar a year business...for bur-
glars.

And an even better business op-
portunity for you.

Why? Because burglary can be
stopped...with an effective alarm
system.

In fact, police and insurance
officials have proved that an alarm
systemreduces, and in many cases,
eliminates losses—even helps po-
lice apprehend the criminal.

Here's where you come in.

Only a small percentage of the
more than 100 million buildings—
stores, offices, factories, schools,
churches and homes are protected
by an effective alarm system.

That means virtually every
home, every business is a prospect.

You can sell them!

And you don’t have to be a
super-salesman to sell the best
protection available—a Radar Sen-
try Alarm unit. All you have to do
is demonstrate it...it sells itself.

A glance at the technical infor-
mation shows why.

RADAR SENTRY ALARM

eveceseservcsnssssstcne

City

CIRCLE NO. 99 ON READER SERVICE CARD
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Name

It's the most unigue and effec-
tive alarm system ever invented.

And here’s the proof.

In the past six years, thousands
of RADAR SENTRY ALARM units
have been sold in the Detroit, Mich-
igan area alone—sold by men like
yourself on a part-time and full-
time basis.

Here are just a few customers
who are protected by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Force

Detroit Board of Education
Hundreds of Churches,
Banks, Businesses and
Homes.

Everyone is a prospect.

So take advantage of your pro-
fession. Put your technical knowl-
edge and experience to work for
you in a totally new area—an area
that will make money for you!

Don’'t wait!

Let us prove that crime does
pay.

Become a distributor.

Write now for free details.

60000000600 0606000000000000000000000006000000000

Mail to: RADAR DEVICES MANUFACTURING CORP.
22003 Harper Ave., St. Clair Shores. Michigan 48080

Please tell me how | can have a business
of my own distributing Radar Sentry
Alarm Systems. | understand there is no
obligation.

Address

EW-12

State & Code
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BOOSTER-COUPLER

Model No. 65-1 List $29.95
“COLOR"

ALL FINCO PRODUCTS
ARE ENGINEERED FOR

The BOOSTER-COUPLER

““for Deluxe Home and Commercial Use’’

Two tube, 4 set VHF-TV or (FM) Distribution Amplifier

for home and small commercial distribution systems
. with low loss splitters (FINCO #3001 or <3003)

can feed 16 or more sets, depending on signal level

and line length losses. FEATURES:

On-Off Switch

AC convenience receptacle

Ventilated perforated steel cabinet 636" x 376" x 3%¢”

Metal enclosed to eliminate shock hazard

Easy access for tube servicing

Convenient, easy mounting . . . bracket
and screws supplied

® UL listed AC cord
® 117 Volts, 60 cycles
® Attractive appearance with rugged commercial

construction

® No strip terminals
® Minimum ‘‘snow’ (very low noise figure)
® 100% test for all electronic characteristics

Atlanta
Fort Worth
Kansas City

UHF CONVERTERS

Model U-Vert 300 List $39.95
Model U-Vert 200 List $26.90
Model U-Vert 100 List $19.95

The CONVERTERS

""That challenge all competition’*

FEATURES:

® Drift free fine tuning

® Post conversion signal amplification

® Solid state chassis — shockproof

e Convenient AC outlet on converter

e Exact input-output impedance match

e lighted dial tuning

® Full color and black-white signal conversion
® High gain — low noise

e Conforms to FCC radiation specifications

® FEasy installation — UL approved

e |nstant warm-up — Operates at Channel 5or 6

® A model for every reception area

Write for beautiful color brochures —Numbers 20-338 and 20-377

Chicago
Cleveland
Detroit

34 West Interstate Street

CIRCLE NO. 114 ON READER SERVICE CARD

THE FINNEY COMPANY

Bedford, Ohio 44014 Dept. 410

New York
Pittsburgh
San Francisco

Los Angeles
Boston
Albany

ELECTRONICS WORLD

www americanradiohistorv com
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Ilectronices World CONTENTS

21 Colorimetry in Color Television J F Holahan

{low does one define a color? Why do some people see the same color dif-
ferently? Cua one color chanze to anothier before your eves? This nreicle
ansicers these and muny more questions on exactly iore colors are created.

24 Color-TV Set-up Problems & Adjustments vic el
26 Recent Developments in Electronics
28 Cryogenics in Electronics  williom Nelson

Description of equipment wsed to produce wltradore temperatures for spuce
environnent sinudiation, low-noise amplifiers, and saperconducting moanets.

30 Manufacture of Color Picture Tubes J. . Holahon

33 Color-TV Ghosts Walter H. Buchsbaum
36 Field-Effect Transistors for FM Front-Ends von Recklinghausen

First use of FETs in front ead of 1. H, Scott hi-fi FY tuner
restults inn no spurions responses nor cross-=modulation problems.

38 1966 Color-TV Set Chassis Directory

Literully hundreds of models of 1906 colorT1 sets are represented
in this listing of the busic clectrical characteristics of 81 chassis
tvpes representing the 1966 lines of 17 major color-T1 minaeforctirers,

42 Computer Control of Industrial Processes &d Bukstein
44 Operation of a High-Quality CCTV Camera G. L Honsen
48 Rare-Earth Phosphors for Color-TV . c. umiller & 7. v. Rychlewski
71 Low-Noise R.F. Amplifiers Jim kyle

77 Audio Power Wattmeter sol Davis

78 New V.L.F. Transmissions

84 Electronics World 1965 Index (Vols. 73-74)

6 For the Record (Editorial) w. a. stockiin

Color 0V Shortaze

12 EW Lab Tested

Heath AR-13A Stereo Beceiver
Shure S A1 “Solo-Phone” Amplifier

50 Electric Shock John Frye

65 Test Equipment Product Report

{mplienol Model 8ot Color Generator
Sencore FSI3E Field-Strength Meter

MONTHLY FEATURES

Coming Next Month........... 4 Book Reviews .............. 62
Lettgrs from Our Readers. ... .. 8 Electronic Crosswords ........ 69
Radio & TV News. ........... .55 New Products & Literature. . ... 79

Electronics World: Published monthly by Ziff-Davis Publishing Com ichi i
1 m Yy Dy € pany at 307 North Michigan Ave.. Ch .
Ill. 60601. One year subscription $5.00. Second Class Postage paid at Chicago, Il ar;d at gadditiona] mlacialﬁlog
offices, Subscription service: Fortland Place. Boulder. Coio. 80311
Copyrignt ¢ 1965 by Zifi-Davis Publishing Company. All rights reserved.

December, 1965
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DECEMBER 1965
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OUR COVER includes a
grouping of photographs that
illustrate some of the fea-
ture stories in this issue
dealing with color television.
The picture tube at the top
right is 23-in. 92° Motorola-
developed rectangular color
tube. The chromaticity dia-
gram (from RCA) compares
the color gamut of color
printing inks with that of an
early color-TV tube, shown by
triangle. The circular pat-
tern shows a magnified por-
tion of the screen of an RCA
color tube producing a white
raster. The pattern at the
center {from “RCA Color TV
Pict-O-Guide”, prepared by
RCA Institutes, Inc.) shows
what happens when a de-
gaussing coil is placed be-
fore the screen. Finally, the
group of five photos at the
bottom of the cover (from
Sylvania) show normal and
abnormal color-bar patterns.
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<
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Publisher
PHILLIP T. HEFFERNAN
Editor
WM, A. STOCKLIN

Technical Editor
MILTON S. SNITZER

Associate Editors
LESLIE SOLOMON
P. B. HOEFER

Assistant Editor
MARSHA JACOBS

Contributing Editors
WALTER H. BUCHSBEAUM
Prof. ARTHUR H. SEIDMAN

Art Editor
RICHARD KELLY

Art and Drafting Dept.
J. A. GOLANEK

Advertising Sales Manager
LAWRENCE SPORN

Advertising Service Munager
ARDYS C. MORAN
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DIAMONDS

CHECK YOUR
SHURE STYLUS
PERIODICALLY

True, it's unfortunate . . and unfortu-
nately, it's true: the diamond tip of
ANY high fidelity stylus eventually
wears out. Some sooner, some later.
The new ultra-lightweight tracking
force cartridges (1 or 2 grams) extend
diamond tip life many times. But even
they need periodic inspection. De-

COMING
NEXT MONTH

SPECIAL B
HI-FI FEATURES |

Designing Hi-Fi Speaker Enclosures—James F. Novak, Senior Engineer, Jensen
Mfg. Co., explains why there is an optimum volume for best transient perform-
ance and maximum efficiency. Also included are a number of nomograms per-
mitting anyone to design a ducted-port/bass-reflex enclosure to meet his spe-

cific requirements.

Design Requirements for Solid-State Amplifiers—Victor Brociner of H.H. Scott
describes how the important factors of good performance, reliability, long life,
reasonable immunity to abuse are designed into solid-state high-fidelity power

amplifiers.

Hi-Fi Equipment Survey—A complete listing of all commercially available solid-
state amplifiers, tuners, and receivers, with full details on their performance.

V.H.F.: MARINE RADIO’S

NEW HORIZON

With congestion on the 2-3 mc. marine
band becoming worse by the year, the
author explains the advantages of mou-
ing to the 156-mc. VHF Maritime Band.
The article will also include details on
somc of the commercial equipment avail-
able for use in this service.

A PROVEN TRANSISTOR

IGNITION SYSTEM

Data collected over 60,000 miles of driv-
ing show an increase in gas mileage, more
power, fewer tune-up expenses, as well
as no ignition component failures. How
this system can be built for your 12-volt

negative-ground car for $25 to $35 is
fully covered.

TIME SCALES &

TIME MEASUREMENTS

A description of the various time scales
and their significance covers solar. uni-
versal, ephemeris, atomic, and sidereal
time standards.

LINE-OPERATED TRANSISTOR

TV SETS: SYLVANIA

The second of a series covering unique
circuits used in a.c.-operated, transis-
torized TV receivers. Sylvania’s 19-inch
television set using the AOI-2 chassis is
discussed.

pending upon the degree of wear, a
worn stylus will (at the very least) ap-
preciably accelerate audible record
wear—or it can actually damage a
record beyond redemption, in a single
playing!

SHURE PERFORMANCE
DEPENDS ON A GENUINE
SHURE STYLUS

The superior performance of all Shure
cartridges DEPENDS upon the Shure
Stereo Dynetic Stylus Assembly. An
inferior stylus replacement will au-
dibly detract from and significantly
reduce the cartridge’s performance,
and increase record wear. Obviously,
if an imitation Shure Stereo Dynetic
Stylus is used, we cannot guarantee
that the cartridge will perform to pub-
lished specifications. Accept no sub-
stitute. Look for this wording:

“THIS DYNETIC STYLUS IS PRECI-
SION MANUFACTURED BY SHURE
BROTHERS, INC.”

TS toreo D ymetse®

REPLACEMENT STYLI
Write: SHURE BROTHERS, INC.

222 Hartrey Ave., Evanston, Illinois

CIRCLE NO. 97 ON READER SERVICE CARD

All these and many more interesting and informative articles will be yours in
the JANUARY issue of ELECTRONICS WORLD ...on sale December 16th.

ZIFF-DAVIS PUBLISHING COMPANY

Williom B. Ziff Editorial and Executive Offices
Chairman of the Board (1946.1953) (212 ORegon 9-7200)

os A One Park Avenue, New York, N.Y. 10016
William Ziff
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W. Bradford Briggs
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Hershel B. Sarbin
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Philip Sine
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NEW YORK OFFICE 1212 ORegon 9-7200)
James J. Sullivan
Joseph E. Halloran
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lation Dept.. Portland Place. Boulder, Colorado 80311. Please allow at least six weeks for change of address.
Include your old address as well as new—enclosing if possible an address label from a recent issuc.
EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonahble
care; however publisher assumes no responsibility for return or safety of art work. photographs, or
manuscripts.
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“Sure,
you work hard,

but that’s not
enough...

...youneed more education to get ahead in electronics”

No matter how hard you work, you can't really suc-
ceed in electronics without advanced, specialized
technical knowledge.

Going back to school isn't easy for a man with a
full-time job and family okligations. But CREI
Home Study Programs make it possible for you to
get the additional education you need without
attending classes. You study at home, at your own
pace, on your own schedule.

CREIl Programs cover all important areas of
electronicsincluding communications, servamech-
anisms, even spacecraft tracking and control.
You're sure to find a program that fits your career
objectives.

Accredited Member of the National Home Study Council

CRET

Founded 1927

December, 1965

You're eligible for a CREI Program if you have a
high school education and work in electronics.
Our FREE book gives all the facts. Mail coupon or
write: CREI, Dept.1112C 3224 Sixteenth Street,
N.W., Washington, D. C. 20010

— =7 SEND FOR FREE BOOK

nnnnnnnnn

{ Dept. 1112C 3224 Sixteenth Street, N.W,
" Washington, D.C. 2001Q

Please send me FREE book describing CREI Programs
in Electranics and Nuclear Engineering Technology. |
am employed in electronics and have a high school
education.

Name
Address
City
Employed by
Type of Present Work

Year Born

State Zip Code

— R s v e S P

www americanradiohistorv com
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NEW
PACE
11

12-channel

mobile CB
transceiver

with superior
talk power plus
silicon transistor
reliability

at only $169.00

Advanced cireuit design, all silicon transis-
tors, lifetime guaranteed glass-fiber circuit
boards, and nmore exclusive features, con-
bine to give you more value than any other
2-way radio on the market.

3.5 watt output (at 100% modulation) —the
most talk power you can get from a 5-watt
transmitter.

Best mobile noise limiting with exclusive
noise limiter extender, for standard or deep
noise clipping.

Exclusive squelch sensitivity adjustment on

rear panel (in addition to standard squelch
control).

Ruggedly constructed for top performance
in temperatures of —30°F to +185°F and
in any mobile installation.

Size: 77 x 2%”7 x 8%”". Weight: 4.2 Ibs.
Power source: 12VDC, positive or negative,
or AC Power Pack, accessory. Quick dis-
connect “Latch Rak” for ease of mounting.

Write for Bulletin Pace 11, and the name of

your nearest Pace dealer.

COMMUNICATIONS CORP.

24049 Frampton Ave., Harbor City, California 90710
Telephone: {213) 325-8444

CIRCLE NO. 200 ON READER SERVICE CARD
6

COLOR-TV

HE color boom is really on. TV net-

works are now devoting 60 percent
of their prime time to color transmis-
sions and this percentage will increase
as more color transmitting equipment is
made available to the stations. In fact,
many all-monochrome programs carry
color commercials, breaking up the con-
tinuous black-and-white programming.

Industry estimates put the total nun-
ber of color sets to be sold this vear at
about 2.1 million, as compared with 1.3
million for 1964, Estimates for next vear
are even more optimistic since it s
anticipated that sales will reach 10.000
color sets a day or over 3.5 million.

RCA, the biggest monev-maker, ex-
pects to sell 660,000 color sets this vear,
which is about 26.5 percent of the total
industry sales.

Zenith, in second place, has estimated
that 330,000 of its color sets will be sold
this vear—about 13 percent—with Mo-
torola and Admiral tied for third place,
cach expecting 6.2 percent of the
market.

The remaining large manufacturers
(G-E, Philco, Magnavox, Sylvania, and
Emerson) share the bulk of the remain-
der of the market.

Some Japanese sets are also making
their appearance. Sears Rocbuck is pres-
ently marketing the Toshiba-built 16”7
set. Sony, on the other hand, is presently
test-marketing a 16" single-gun
Chromatron color set in Japan and hopes
to introduce it to the American market
within a vear.

In view of the extreme interest in
color-TV sets on the part of the con-
sumer, problems do exist. Unfortunately,
the industrv seriously underestimated
potential sales for 1965. Customers to-
day are finding a relatively long waiting
period between the time of purchase
and delivery of a color set. In fact, to-
dav’s guess is that some 350.000 disap-
pointed potential buvers of color sets
will have to view their Christinas pro-
grams in black-and-white. The problem
is simplv not enough color tubes.

RCA not too long ago announced a
$30-million expansion program in both
tube and set facilities. Zenith has $15-
million tied up in its new color-tube
plant. Sylvania is in the midst of a
multi-million-dollar expansion and
Corning Glass is constructing a new
plant for tube envelopes in Indiuna. In
fact, all manufacturers involved in TV
set production are embarking on big
expansion programs.

Why this sudden interest on the part
of the consumer? Timing secms to be
the most important factor. Black-and-
white sets have just about saturated the

www americanradiohistorv.com

WM.

the record

A. STOCKLIN, EDITOR

SHORTAGE

country, the economy is good and thus
it did not take much to stimulate color-
TV set sales. Besides increased color
progranming, the elimination of excise
taxes has reduced prices across the
board. A 217 set costing $800 last year
has dropped to $675 this year. A 23"
combination dropped from $9935 to
about $875. Quite often it is this price
difference which encourages many pro-
spective purchasers. Many are also
feeling that sets may be almost at their
lowest price level.

As to the sets themselves, the intro-
duction of the rectangular tube, result-
ing in improved cabinet stvling, and the
introduction of rare-earth phosphors,
with their brighter pictures, have also
helped influence many customers.

Although total sales are important
statistics in that thev show the vitality
of an industry, we believe that there are
many other aspects of more direct im-
portance to the consumer. At the pres-
ent time we feel too many viewers are
concerned with color simply for the sake
of color. Granted that every dollar spent
on a colov set is certainly worth it, and
even a poorly adjusted color set adds a
new dimension to color-TV viewing—but
there is no real enjoyment until one has
both a good installation and the knowl-
edge to adjust the set for proper color
rendition. [t is unforgivable, the number
of black-and-white sets which are in use
todav with pictures that are blurry,
ghosty, out of tune, and improperly ad-
justed.

Manufacturers and consumers alike
pay too little attention to antennas,
transmission lines, and the application
of multiset couplers. Unfortunately
there are many old antenna systems that
can’t provide propev color reception.

A combination of inferior antennas
and distribution systems, coupled with
over-zealous and, in many cases, un-
trained color set salesmen, does create
a poor image of color reception. It may
not be too important this vear, but in
following vears when it becomes more
of a buvers” market, many sales will be
lost or made on the basis of showroom
demonstrations. We have seen show-
rooms of large manufacturers and dis-
play rooms of large department stores
where a great number of sets were being
demonstrated and no two provided the
same color rendition.

Colar-set manufacturers provide ex-
cellent operating manuals for the viewer
and good service notes for the technician
to enable him to set up the receiver
properly. It is our hope that continued
color viewing, but with a more critical
eve, will become popular.

ELECTRONICS WORLD
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YOU GET PRODUCT PLUS FROM YOUR SYLVANIA DISTRIBUTOR

Nowyou
-can earn while
you earn.

Earn valuable prizes
tubes and receiving tubes now in our Sylvania Means n syl'“anlﬂ.,ﬁ now SHB
Dealer Awards Program

Business program.

Every time you order Sylvania picture or receiving
tubes from a participating distributor, you receive SMB
Dealer Certificates. These certificates are redeemable for
an exciting selection of gifts for yourself, your family
v and your home.

You get one certificate for every $12.50 worth of re-
ceiving tubes and one certificate for every SILVER
SCREEN 85®, color bright 85™ or COLOR SCREEN 85
picture tube.

So you earn twice: even bigger profits and top quality
prizes.Sylvania Means Business.

See your participating Sylvania distributor for all the
details. Or write to CADD, 1100 Main St., Buffalo, N.Y.

SYLVANIA

SUBSIDIARY OF
GENERALTELEPHONE & ELECTRONICS GVEZE

You earn valuable free prizes just by buying picture

AN amans WSS

A
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do-it-yourselfer’s

newest
catalog

Here's your new catalog of quality elec-
tronic kits and assembled equipment
.. . your shopping guide for TV set kits,
transistor radios, voltmeters, scopes,
tube testers, ham gear, PA systems,
and a host of other carefully engineered
products. Every item in the Conar cata-
log is backed by a no-loopholes, money-
back guarantee. It's not the biggest
catalog, but once you shop its pages
you'll agree it's among the best. For
years of pleasurable performance, for
fun and pride in assembly, mail the
coupon. Discover why Conar, a division
of National Radio Institute, is just
about the fastest growing name in
the kit and

i CONAR
business.

I ENEE VAIL NOW I IR

. CONAR NBSC

l 3939 Wisconsin Avenue, Washington, D.C. 20016 l
Please send me your new catalog.

I Name I

l Address l
I City. I
Z-Code

CIRCLE NO. 119 ON READER SERVICE CARD
8

LETTERS
FROM OUR
READERS

DUAL-POWER CB TRANSCEIVERS

Our September “New Citizens Band
Circuits” contained «a description of «
dual-power transceiver that operates
with either 5 watts or 100 mw. input.
It was said that when the unit is switched
to a lower power device, it comes under
Part 15 of the FCC Regulations and that
it could be operated without call signs,
station identification, or the operating
limits of cluss D. We have learned of a
more recent FCC clarification of their
regulations on this type of operation to
the effect that although such operation
is encouraged, class D operation and
station licensing must still apply. This
is true cven for the 100-nuw. operation
because the transmitter poter can he
raised by the user, A letter from the FCC
puts it this way.—Editors.

To the Editors:

The use of reduced power by Citizens
Radio licensces would reduce inter-
ference in that service. Consequently,
the provision of a power-rednction
switch in Citizens Radio transmitters is
not only permissible but is enconraged.

We must emphasize, however, that a
transmitter capable of inpnt power
greater than 100 mw. does not comply
with the requirements of the Commis-
sion’s rules, Part 15. Such a transmitter
must not be operated without a license.

Accordingly, a transmitter having a
switch to reduce input power to 100 mw.
cannot be operated under Part 15 of the
rules without a license. Furthermore,
such a transmitter cannot be properly
certified as meeting the requirements of
Part 15 for operation without a license.

BeEx F. WaPLE, SECY.
Federal Communications Comm.
Washington, D.C.

L & o

SCR IGNITION SYSTEM
To the Editors:

Mr. William Sturgeon’s letter in vour
August issue about his experience in-
volving failures in switching transistors
used in the SCR ignition system (origi-
nally described in the November, 1964
issue) was quite interesting. After re-
moving the resistor tvpe of ignition har-
ness, we experienced a similar fate
where the transistors failed after a few
minutes of operation. A silicon diode (1
amp.)} placed in series with the distribu-

www americanradiohistorv com

tor-point line cured owr problem. Prior
to this, we tried inserting a small capac-
itor as well as diodes similar to Mr.
Sturgeon’s schematic. The best results
were obtained with a single diode.
Jaaies TakeEmoTto, Gen. Mgr.
Universal Electronic Corp.
Denver, Colo.
L & &

SPECTRUM ANALYZER USE
To the Editors:

The article on “Spectrum Analyzers”
by Jim Kvle in vour May, 1965 issue
was very interesting and quite timely.

May I suggest another use for the
Singer Metrics SPA-4a spectrum an-
alvzer? By setting the sweep width to
minimum, i.f. bandwidth to maximum,
amplitude on “Lin,” adding an antenna,
and coupling the vertical output to an
audio amplifier, we have a pretty good
substitute for an FM tuner. Using slope
detection, the tuning and gain settings
are critical but not impossible. It’s like
music on a long night shift.

R. A M.
Fullerton, Calif.
o & &
CITIZENS BAND OPERATION
To the Editors:

On p. 14 of the September, 1965 issue
of ELrcrroNics WorLp, you quote Rep.
Frank T. Bow (R-Ohio) as sayving that
FFCC failure to explain or enforce limita-
tions on Citizens Radio Service hobby
operation encouraged its development
and “it seems to me that justice requires
us to find a means of continuing to per-
mit hobby-tvpe operation in the Citizens
Band.”

To me, this statement is little short of
amazing, To clarify the principle in-
volved, this can be stated in more gen-
eral terms: “When poor law enforcement
encourages an illegal activity, then jus-
tice requires that the illegal activity be
made legal.”

Louis T. Manx

Beaverton, Ore.
* * L

TOUCH-PLATE LIGHTING SWITCH
To the Editors:

This letter is in reference to R. Wayne
Simister’s article “Capacitance Touch-
Plate Lighting Switch” in the
EiLecTrONICS WORLD issue of August,
1965.

When I tried out the circuit, substi-

ELECTRONICS WORLD
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From now through December 15, 1965

I_J

Get a Color-TV TEST Picture Tube with every
Bar/Dot/Crosshatch Generator you buy

RCA WR-64B Color

Yes! You read right!

From now through December 15, 1965—
with every purchase of an RCA WR-64B
Color Bar Generator~you get a FREE
color-TV TEST picture tube for use in
your color-TV test jig. This is a 21-
inch 70° round color-TV TEST picture
tube, electrically guaranteed six months
from first installation date. These tubes
will have minor mechanical (not elec-
trical) defects...they’re not quite good
enough to go into a new TV set but per-
fectly adequate for testing purposes.

How to get your FREE Color Test Tube
Simply buy an RCA WR-64B Color
Bar Generator— THE essential color-
TV test instrument—between now and
December 15, 1965. Fill out your war-
ranty registration card and attach the
red identification label on the WR-64B
carton. Send them to RCA, Test Equip-

December, 1965

ment Headquarters, Bldg. 17-2, Harri-
son, N.J. We send you the tube (either
from Lancaster, Pa. or Marion, Ind.)
freight charges collect. To allow for
postal delay, we will honor cards re-
ceived up until December 31st.

Don’t miss out on this never-before of-
fer. You’ve got to have a color-bar gen-
erator anyway—so be sure you buy it
now —at the regular price—while you
can get a FREE color test tube.
$189.50* )

Ontional distributor resale pricet subject to change with-
out notice. Price may be higher in Alaska, Hawaii and
the West.

RCA WR-64B Color
Bar/Dot/Crosshatch Generator

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, NEW JERSEY

The Most Trusted Name in Electronics

®

CIRCLE NO. 101 ON READER SERVICE CARD
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Everythiihg ydur business needs
to “make it big” will be found in
one of New Jersey's Industrial Parks

Name it.

Markets or labor. Transportation or research. All utilities,
good industrial neighbors, help in planning, flexible
leases, advanced education for employees—and every
conceivable type of recreation for their families.

Everything you need—for business and relaxation—is right
here. In New Jersey !

Get the full story on plant site opportunities in New
Jersey. Return the coupon today for your free copy of
the new 48-page booklet entitled: "NEW JERSEY—
LAND OF AMAZING ADVANTAGES”. No obligation,

of course.

__——___—-;u;ic—s—ervice E—Ie;ic and Gas Companjy -ll
Box BEW, 80 Park Place, Newark, New Jersey 07101 |

Please send my copy of: I

“NEW JERSEY/LAND OF AMAZING ADVANTAGES ™ |

[] Also, send more information on industrial parks. |

Name. :

Title |

Firm. I

Street |

City and Stat |

Ity an ate. J

@ PUBLIC SERVICE ELECTRIC AND GAS COMPANY

TAXPAYING SERVANT OF A GREAT STATE

10 CIRCLE NO. 199 ON READER SERVICE CARD
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tuting components that I had instead of
using what was specified, the load on the
power supply was changed, and this
changed the voltage on the transistors.
When load current was less, load voltage
rose and damaged the transistors,

I found an easy remedy for this volt-
age rise by connecting a 24-volt, 15-ma.
zener diode across capacitor C8.

I think this addition to the circuit
should be made to protect the transistors
from switching transients present in a
flip-flop circuit.

My circuit functions perfectly with all
n-p-n transistors.

Rex Harnis
Burlingame, Calif.
-3 L &
WWV AUDIO TONES
To the Editors:

I know that W\WV’s 1. carrier is very
accurately maintained right on fre-
quency, but what about the audio tones
that are broadcast? Why were these
tones chosen and are they accurate
enough so that I can use them to cali-
brate my audio oscillator?

Eric Lewis
Denver, Colo.

The audio tones broadeast by W\WV
are 600 cps and 440 cps. Each tone is
broadcast for 2 minutes out of cvery 5
minutes and they alternate, starting with
600 cps on the hour. The frequencies
were chosen because 600 ¢ps has a large
number of integral multiples and sub-
multiples so that it can be used to check
power-line frequencies (60 ¢ps) and
many other convenient audio frequen-
cies, such as 100 ¢ps or 1000 cps. The
440-cps was chosen as it is standard mu-
sical pitel, the note A above middle C.

The accuracy of the audio [requen-
cies, as transmitted is the same as the
carricr or hetter than one part in 1011,
plus a fixed offset of =150 parts in 1010,
Changes in the transmitting medinm
may result in fluctuations in the audio
frequencies as received, but accuracies
of one part in 10 million are common.
Hencee, the accuracy is very much betier
than most a.f. generators.—Editors.

k-2 % &

DEMODULATOR PRINTED BOARDS
To the Editors:

A set of two undrilled printed-circnit
boards for the transistorized FM-stereo
demodulator which appeared in the De-
cember, 1964 issne of this magazine is
available from the address below at $6
for the set. Each board is 3”7 wide by
4%” long. With the componcnts
mounted, the units can be stacked to fit
a box 3”7 x 3”7 x 5”. The boards include
the modified circuitry for high-sensitivity
tuners. Assemibled units to fit the “Cita-
tion TH” tuner are also available.

E. H. DonLE
Box 1054
Hill AFB, Utah 84401 A
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careers for technicians at 1BM

To technicians who seek important roles in today's technology, IBM offers
careers in the world of computers. Modern computer systems and new solid state
technologies have created rewarding jobs for technicians in Research, Develop-
ment, Manufacturing and Systems Test. IBM is an Equal Opportunity Employer.

Owego, New York

Chemical Technicians: Experience in chemical
technology, engineering physics or in any of the
following: electrochemistry, lamination, adhesives,
electroplating, etching, oxide coating, photo-resist,
evaporation techniques.

Electromechanical Technicians: Experience in as-
sembly and maintenance of automatic production
equipment. A thorough understanding of mechan-
ical and electrical technologies is essential.
Electronic Technicians: Experience in mainte-
nance, calibration and repair of complex elec-
tronic test equipment, and development of high-
speed circuitry.

Welder: Mag-lithium experience with toolmaking
capability.

Qualifications: A.A.S. degree or its equivalent in
education or experience.

Please write, outlining your education and experi-
ence, to:

D. J. Carlson, Dept. 650M

IBM Corporation

Space Guidance Center

Owego, New York 13827

IBM

Burlington, Vermont

Electromechanical Technicians: Experienced in as-
sembly and maintenance of automated production
equipment. A thorough understanding of mechan-
ical and electrical technologies is essential.

Electronic Technicians: Experienced in mainte-
nance, calibration and repair of complex elec-
tronic test equipment, and development of high-
speed circuitry.

Process Technicians: Experience in tinning, paste
(resistor and electrode), silk screen techniques,
epoxy and encapsulation or conveyor ovens de-
sirable. Training in physics, metallurgy, or chem-
istry is necessary.

Qualifications: A.A.S. degree or its equivalent in
education or experience.

Please write, outlining your education and experi-
ence, to:

W. T. Rochford, Dept. 650M

IBM Corporation, Box A

Essex Junction, Vermont

IBM

Fishkill, New York

Electromechanical Technicians: Experienced in as-
sembly and maintenance of automated production
equipment. A thorough understanding of mechan-
ical and electrical technologies is essential.
Designers: Mechanism design of automatic pro-
duction equipment.

Electronic Technicians: Experienced in mainte-
nance, calibration and repair of complex electronic
test equipment, and development of high-speed
circuitry.

Semiconductor Technicians: Experienced in semi-
conductor process development and manufactur-
ing.

Toolmakers: Building of semiautomatic and auto-
matic tooling to extreme close tolerances.
Qualifications: A.A.S. degree or its equivalent in
education or experience.

Please write, outlining your education and experi-
ence, to:

T. R. Edmonds, Dept. 650M

IBM Corporation

East Fishkill Facility, Route 52

Hopewell Junction, New York 12533

IBM

Kingston, New York

Electronic Technicians: For work assignments with
the Kingston manufacturing test organization. Up-
on completion of initial training, qualified appli-
cants will be given positions involving testing, trou-
ble-shooting and repairing core storage units, tape
drives, display devices, drums, transmission con-
trol equipment and other peripheral devices asso-
ciated with some of the world’s largest and most
advanced electronic data processing equipment.

Qualifications: A.A.S. degree in electronic tech-
nology preferred; a certificate of completion from
an accredited 2-year technical school or equiva-
lent experience will be considered.

Please write, outlining your education and experi-
ence, to:

P. Palker, Dept. 650M

IBM Corporation

Neighborhood Road

Kingston, New York

B ®
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HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Heath AR-13A Stereo Receiver
Shure SA-1 ‘“Solo-Phone’” Amplifier

Heath AR-13A Stereo Receiver flattest power bandwidth curves we have
For a copy of manufacturer’s brochure, circle No. 24 on Reader Service Card. ever measured on any amplifier, tube or
transistor. The IN distortion was under
1% up to about 4 watts output, rising
smoothly to 2.5% at 20 watts and clip-
ping at about 25 watts per channel (into
8-ohm loads), The output into 4 or 16
ohms is somewhat reduced.

The frequency response and RIAA
phono equalization of the AR-13A were
both very good, within about 1 db of the
ideal curves over the entire andio range.
Hum and noise, referred to 10 watts out-
put, were —55 db on phono and —70
db on “Aux.” inputs; both are inaudible

HE Heath AR-13A is a compact, ting adjustments for “Mag. Phono” and  levels.

attractively stvled, solid-state  “Aux.” inputs; balance, separation, and The FM tuner was surprisingly sensi-
stereo receiver, which offers superior  phase adjustments for the FM-stereo tive, with THIF Usable Sensitivity of 2.5
performance at an unusually low price.  circnits: an interstation FAL squelch  pv.and distortion less than 1% for all sig-

Functionally, the AR-13A is a combi-  threshold control; and an audio balance nal levels over 4 pv., with 100% modula-
nation of the company’s AJ-33 AM-FM  control. Although the latter might seem  lation. This is in the vicinity of the resi-
stereo tuner and the AA-22 stereo ampli-  to be needed on the front panel, we  dual distortion of our FM signal gener-
fier, which are available as separate com- found that the tracking of the two  ator. Almost any FN signal whicli can be
ponents. Little or nothing of the flexibil-  ganged volume controls was exception-  received at all is heard with full limiting
ity and performance of the separate com-  ally close (within 0.8 db) so that the and good entertainment (uality. The
ponents is sacrificed by combining them  halance need not be adjusted when the J

4

on a single chassis, yet the installation  volume control setting is chunged. Also

arate AM and FM tuning knobs, The  are located on the rear of the chassis. Al-
two slide-rule dials are colinear, with a  thongh there are tape-recording outputs,
miniature tuning meter separating them.  the playback from a recorder must be

HEATH AR-13A
M DISTORTION
AVERAGE BOTH CHANNELS |
BOTH CHANNELS DRIVEN
8-0HM LOADS 117V LINE

and operation of the system is appreci-  concealed behind the hinged panel are
ably simplified. slide switches for a.f.c. “on-off,” local/ H
The front panel of the AR-13A ap-  distant FM scnsitivity, SCA filter, FM 3 1
pears deceptively simple, showing only  noise filter, and speaker phase. x +H
the tone-control knobs, volume control, The various inputs and outputs, as @ g
source and mode selectors, and the sep-  well as the ferrite loopstick AM antenna, %
a

d
. 60/6000CPS p

A neon indicator lamp on the FM dial  connected to one of the two “Aux.” in- FroT

glows when a stereo broadcast is re-  puts. This precludes using the receiver L :io lBLE LT e Y

ceived. The power is turned on by pull-  for monitoring off the tape with a three- b POWER OUTPUT-WATTS (EQUIV. SNE WAVE)
ing out the treble tone-control knob so head recorder, and is possibly the only
that the volume may be left undisturbed  worthwhile feature omitted from this un-
at a predetermined setting when the set  usually flexible receiver.

T T T R 1o
AT HiHd AUDIO ouYFuYrj | ;l
- mp ©pB=OTAN - 4y T

10
is turned off. The audio amplifier of the AR-13A, =5
ah . . o B
I'he bottom section of the panel is  rated at 20 watts per channel with both T
. . . . EAT
hinged and swings downward toreveal - channels driven, delivered 24 watts per s
row of 15 secondary controls, few of channel at 1000 cps with 2% distortion.  §_.of | rEaspREn o
which are used after the initial installa- Tt fell off only slightly, to 22 watts at 20§ & SEaE
. o) . . PR N 1. o - Z T
tion. These include individual level set-  and 20,000 ¢ps, resulting in one of the § |
0-30
30 CONTINUOUS SINE-WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN ‘i‘
1 D I 1T [ 1T
—t T 1T 1T 1 1 111
20 HEATH AR-13A RECEIVER
— 8-0HM LOADS L
Z0 2% THD i I fil]
5 % { { { } { | : | L‘?;‘V’DALA:I(‘D‘ISOE'.C:ZM. D\TE TORTION RE 100Q°%
20 30 50 70 100 200 300 500 700 IKC. 2KC. 3KC.  5KC. 7KC. IOKC. 20KC. S o e L L A a0
FREQUENCY-CPS INPUT -MICROVOLTS
12 ELECTRONICS WORLD
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Some plain talk from Kodak about tape:

The meat of the matter...
and some boxing news

Undistorted output from a tape—as
from any other link in the chain of
audio u)mponcn[s—ls at the very hieart
of high fidelity Ln]o\ment Distortion
(or [ht: lack of it) is in theory stmple
enough to evaluate. You start out with
something nieasurable, or worth listen-
ing to, and you reproduce it. Every-
thing added, subtracted or moditied
by the reproduction, that can be meas-
ured or heard, 1s distortion. Since most
kinds of distortion increase as you
push any component of your system
closer to its maximum power Cd})d])ll-
iy, you have to label your distortion
value to telbwhether you did this while
coasting or at a hard pant.

Cry “'uncle”

To make the distortions contributed by
the tape itself big enough to measure
and control, we simply drive the tape
until 1t hollers “uncle” and use that
power reference as our benclimark.
Here’s the procedure. Record a 400-
cycle signal (37.5-mil wavelength at
15 ips) and increase its level until in a
playback, which 1s itself pristine, you
can measure enough 1200-cycle signal
(third harmonic) to represent 2% of

the 400- C\C]e signal level. This spells
“uncle!” We use 400 eveles for con-
venience, but msist upon a reasonably
long waveleugth because we want to
affect the entire oxide depth.

The more output level we can get
(holding the reproduce gain constant,
of course) before reaching “uncle,”
the higher the undistorted output po-
tential of the tape.

Simiple, what?

*Wadayamean — undistorted
output at two percent?”

That’s what makes a Miss America
Contest. Two percent third harmonic
1s a reference point that we like to con-
template for a picture of oxide per-
formance. Since distortion changes the
original sound, it becomes a matter of
acumen and definttion how little a
change is recognizable. If you're histen-
ing, two percent is a compromise be-
tween a trained and an untrained ear.
If you’re measuring, it comes at a con-
venient point on the meter. It’s like a
manufacturer testing all sports cars at
150 mph, even though some cars are
driven by connoisseurs and some by
cowboys. Same goes for tape. Two per-

The great unveiling— Kodak's new library box with removable sleeve!

156 0 o 35 b BN B
w1

AROAMLE FLaY

KODAK

SOUND
REGORDING
TAPE

EASTMAN KODAK GOMPANY, Rochester, N.Y.

December, 1965

CIRCLE NO. 117 ON READER SERVICE CARD
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TRABERARE

cent tells us a lot about a tape even if,
on the average, you never exceed the
0.59 level.

Because undistorted output hielps to
define the upper limit of the dynamic
range, 1t has a further effect on the
realism of the recording. The higher
the undistorted output, the casier it is
to reproduce the massed limpani and
the solo triangle each at its own con-
cert hall level. And this is just another
arca where Kodak tapes excel . . . our
general- -purpose; 'low-print tape (Type
314) gives you up to 3 decibels more
crisp, clean output range than con-
ventional tapes.

INPUT db '

2% third harmonic distortion represents
the practical limit to linear recording.

Kodak tapes—in the five- and seven-
inch sizes—now look as good as they
sound. We’ve put package identifica-
tiononaremovable sleeve and designed
a tape hibrary box with a smart new
look. This box features durable one-
piece construction, full index space,
plus detailed tape use mstructions on
the nside. Kodak Sound Recording
Tapes are avatlable at most electronic,
camera, and department stores,

New 24-page, comprehensive “Plain
Talk” booklet covers all the important
aspects of tape performance, and is free
on request. Write: Department 8,
Eastman Kodak Company, Rochester,
N. Y. 14650
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Birnbach’s
Compact Transistor
Audio Amplifier
S

Look at these amazing features . . .

* 5 Transistors and 1 Thermistor

% Shielded Input Transformer with 2 PRI-
MARY WINDINGS... 50 ohms and High
Impedance

* Output Transformer with 2 SECONDARY
WINDINGS . . . 8 ohms (for speakers),
500 ohms (for modutation and high
impedance loads)

* Volume Control included and mounted
on Circuit Board

* Low Distortion . . . 400 Milliwatt Push-
Pull Output

% Extremely high gain ... 80 db! Handles
low level mikes, phono pickups, tele-
phone pickups, etc.

* Sturdy Printed Circuit Board is 5"
long by 134" wide

* Weighs only 314 ounces

* Power Supply: Any 9-volt DC source

* Standard 90 day warranty

USE IT FOR:

PA System

Hi-Fi System (use 2 for stereo)
Guitar Amplifier

Surveillance Listening System
Electronic Stethoscope
Intercom Amplifier
Modulation for Transmitter
Phono Amplifier

Utility Amplifier

Science Projects

cOMPLETE AMPLIFIER $7.95 ..cr

INCLUDING SCHEMATIC DIAGRAM We Pay Postage!

| eyt
| BIRNB-AGH- Radio Co. Inc. :
{ Dept E, 435 Hudson St., New York, N.Y. 10014 |
} Pleaserushme _______ (qty) of your Com- |
l pact Transistor Audio Amplifiers Model A-300
at $7.95 each, postpaid. My check or money |
! order for $ is enclosed. Sorry, |
[ no COD's. |
| Name (
| acdress {
b ocity state Zip |
P
14

‘uner had no drift that we could aszer-
tain, so that its a.f.c. is hardly needed.
The frequency response, meuasured at
the tape outputs, was within =1.5 db
from 30 to 12,000 cps, falling to —5 db
at 15,000 cps. FM-stereo channel sepa-
ration was exceptionally good, exceed-
ing 22 db from 30 to 15,000 c¢ps and bet-
ter than 35 db from 250 to 1500 cps.
The FAM tuner hum level was — 54 db re-
ferred to 100% modulation, and its cap-
ture ratio was 3.9 db.

The Heath AR-13A has an AM tuner
which is a rarity among stereo receivers
today. We made no measurements on
the AM tuner, but it sounded as good as
most such tuners do and had adequate

sensitivity  for onr suburban location.

Although the AR-13A is a rather com-
plex kit to construct, its assembly is sim-
plified by ihe use of printed boards and
pre-aligned FM front-end and AM-FM
i.f. strip. All necessary final alignment
can be performed with received stations
and the tuning meter. Instrument align-
ment may improve performance slightly,
but should not be necessary in most
cases.

The Heath AR-13A, complete with an
oiled-walnut cabinet, sells for $184 in
kit form. Despite its low price, it is one
of the best stereo receivers we have
tested and is comparable to many manu-
factured units costing twice as much. A
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Shure SA-1 “Solo-Phone” Amplifier

For a copy of manufacturer’s brochure, circle No. 25 on Reader Service Card.
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TEREO music, heard through a

good pair of stereo headphones,
sounds quite different from the same
music heard through loudspeakers. The
almost total separation of left- and right-
channel sounds, plus the exclusion of
room noise, gives headphone reproduc-

tion a startling and unique sense of im-
mediacy. Even though most headphones
do not have the wide frequency response
or smoothness of a good loudspeaker,
their subjective effect often seems to be
more natural and cleaner.

Practically all model stereo head-
phones have 8- or 16-ohm coils and are
meant to be driven from the speaker out-
puts of a stereo amplifier. Since phones
require only a few milliwatts of power,
this is rather wasteful when a power am-
plifier is used. Sometimes special attenu-
ator circuits are built into the amplifier
to prevent damage to the phones.

(Continued on page 76)
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| TECHNICAL LITERATURE

Another way your RCA Industrial Distributor improves your profit picture

Your RCA Industrial Distributor helps keep you informed by maintaining a conplete selec-
tion of up-to-date technical literature. .. For whatever gquestions you may have on RCA’s
broad line of industrial tubes and semiconductors, tzke advantage of your local distributor’s
‘inventory of knowledge.” You'll make informed judgements faster—and help improve your
profit-picture, toc!

Remember. . .a vital part of your distributor’s job is to keep you aware cf current product
developments. Next time you nzed intormation on RCA industrial tebes ar semiconductors,
contact your local RCA Industrial Distributor. He'll be pleased o serve you.

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J.

The Most Trusted Name in Electronics
®
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This important job (and its big salary)
is reserved for a qualified
electronics technician. It can be you!

It’s a fact. There are thousands of jobs like this avail-
able right now for skilled electronics technicians. What’s
more, these men are going to be in even greater demand
in the years ahead. But how about you? Where do you
fit into the picture? Your opportunity will never be
greater . . . so act now to take advantage of it. The first
step? Learn electronic fundamentals . . . develop a
practical understanding of transistors, troubleshooting
techniques, pulse circuitry, micro-electronics, computers
and many other exciting new developments. Prepare
yourself now for a job with a bright future. .. unlimited
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opportunity . . . lasting security . . .
increasing salary.

Over 15,500 ambitious men are using Cleveland
Institute Electronics Training Programs as a stepping
stone to the good jobs in electronics. Why not join them?
You will learn at home, in your spare time, and tuition
is remarkably low. Read the important information on
the facing page. Then fill out the postage-free reply
card and drop it in the mail today. Without obligation
we’ll send you all the details. But act now . . . and get
your high-paying job just that much sooner.

and a steadily-

ELECTRONICS WORLD
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How You Can Succeed In Electronics
. . . Select Your Future From Five Career Programs

The “right” course for your career

Cleveland Institute offers not one, but five different
and up-to-date Electronics Home Study Programs.
Look them over. Pick the one that is *“‘right” for you.
Then mark your selection on the reply card and send it
to us. In a few days you will have complete details . ..
without obligation.

1. Electronics
Technology

A comprehensive program
covering Automation, Com-
munications, Computers, In-
dustrial Controls, Television,
Transistors, and preparation
for a 1st Class FCC License.

2. First Class
FCC License
If you want a 1st Class FCC
ticket quickly, this stream-
lined program will do the
trick and enable you to main-
tain and service all types of

transmitting equipment,

3. Broadcast

Engineering

Here’s an excellent studio
engineering program which
will get you a 1st Class FCC
License and teach you all
about Program Transmission
and Broadcast Transmitters,

4, Electronic
Communications

Mobile Radio, Microwave,
and 2nd Class FCC prepara-
iion are just a few of the
topics covered in this “‘com-
pact” program . . . Carrier
Telephony too, if you so
desire.

5. Industrial Electronics

& Automation

This exciting program in-
cludes many important sub-
jects such as Compulters,
Electronic Heating and
Welding,Industrial Controls,
Servomechanisms, and Solid
State Devices.

An FCC License ... or your money hack!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2, 3, and 4 will
prepare you for a Commercial FCC License. In fact,
we're so certain of their effectiveness, we make this
exclusive offer:

The training programs described will prepare you
for the FCC License specified. Should you fail to
pass the FCC examination after completing the
course, we will refund all tuition payments. You
get an FCC License . . . or your money back!

CIE's A“IO'PROGRAMM[D TIMessons help you

learn faster and easier

Cleveland Institute uses the new programmed learning
approach, Our AUTO-PROGRAMMED* lessons pre-
sent facts and concepts in small, easy-to-understand bits
... reinforce them with clear explanations and examples.
Students learn more thoroughly and faster through this
modern, simplified method. You, too, will absorb . . .
retain . . . advance at your own pace.

Free nationwide job placement service . . . for

life, for every CIE graduate

Once enrolled with CIE, you will get a bi-monthly
listing of the many high-paying interesting jobs avail-
able with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
Jjobs with leading companies like these: American Air-
lines, American Telephone and Telegraph, General
Electric, General Telephone and Electronics, I1BM,
Motorola, North American Aviation, New York Cen-
tral Railroad, Raytheon, RCA and Westinghouse.

*TRADEMARK

Electronics is a fast moving, dynamic industry
... Cleveland Institute keeps you current

The Electron Bulletin is CIE’s bi-menthly digest of new
developments in the world’s fastest growing industry.
As a CIE student, you will get a free copy throughout
your training to keep you up-to-date on Masers, Lasers,
Solid State Devices, and other new inventions.

‘% Full accreditation ... your assurance of
.——+ competence and integrity

Cleveland Institute of Electronics is accredited by the
Accerediting Commission of the National Home Study
Council. You can be assured of competent electronics
training by a staff of skilled electronics instructors.

Your Future In Electronics Is
Up To You. Make It A Brighter One.

Mail Reply Card Today.

Cleveland Institute of Electronics

CIE

December, 1965

1776 East 17th Street, Dept. EW-9 Cleveland, Ohio 44114
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National Aeronautics and Space Administration

America’s most successful
space programs have it.

RCA Victor Gor TV

RCA Solid Copper Circuits
won’t come loose. Won’t short
circuit. Won’t go haywire. They’re
the latest advance over
old-fashioned “hand wiring” and
bring Space Age dependability

IIIIII
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By J. F. HOLAHAN /RCA Electronic Components and Devices

Although the exact mechanics of color vision are
unknown, experiments over the years have laid
down many basic principles. This article covers
color perception principles applied to color TV.

UMAN color vision is an extremely complicated pro-
H cess, occurring partly in the eve and partly in the

brain. In this process, the stimulus of light from some
object is transformed into the conscious sensation of color
experienced by a person observing that object. Because two
observers having so-called “normal” vision often see the same
color somewhat differently, the perception of color has not
yvielded to a satisfactory all-inclusive theory. However, ex-
periments over the yvears do indicate certain practical prin-
ciples of color perception. To help understand these prin-
ciples, it is helpful to remember that both light and radio
waves are electromagnetic in nature and that light waves
are detectable by the human eye. In other words, the eye
and brain form a receiver having a fixed selectivity char-
acteristic and a variable sensitivity characteristic. Roughly,
the eye’s “r.f. circuits” respond to light having a wavelength
range of 400 to 700 millimicrons.

Unlike a radio, the eye cannot tune in on one wavelength
but responds simultaneously to all radiation in the visible
band. It is capable of distingnishing light of one particular
wavelength (color) only when it is presented alone. IFor
example, the eye easily identifies green in a spread-out spec-
trum but is quite unable under normal conditions to isolate
a green sensation from white light,

How We Sce Color

The exact process by which the human visual system is
able to translate light of different wavelengths (and mix-
tures of wavelengths) into color sensations is still not known.
Yet, practical experiments have shown that almost the full
range of color sensations can be obtained by suitable mix-
tures of the light from three “primary” color sources: blue,
green, and red. One theory of color vision based on this
trichromatic color-matching property holds that the retina

December, 1965

Color solid visualization of the relationship among hue,
brightness, and saturation of optically visible colors.
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BRIGHTKESS —
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Fig. 1. Cover the white circle. Stare fixedly at the yellow circle center mark for 20
seconds. Then uncover the white circle and rapidly shift your gaze to the white circle
center mark. After a second, you will see a bluish afterimage that gradually fades.

of the eye consists of a mosaic of three different tvpes of ele-
nients, one responsive to light of wavelengths corresponding
to blue, one to green, and one to red. Further, the three ele-
ments appear to overlap considerably in sensitivity. These
three groups of receptors are separately connected to the
brain through nerves, where the sensation of color is derived
from the brain’s automatic analysis of the relative stimula-
tions from the three receptors.

The trichromatic theory tends to be substantiated by the
way in which blue, green, and red combine to form other
colors. Consider three separate light sources projecting over-
lapping circles of green, blue, and red light on a screen.
Where all three beams overlap, the effect is white because
all three receptors are stimulated equally. The area of blue
and green overlap is, quite predictably, blue-green, or cvan.
Similarly, a reddish-purple, or magenta, is formed where
blue and red overlap. However—and this usually startles
the layman—the combination of red and green produces
vellow.

This phenomenon becomes easier to understand if we
realize that the vellow we see is not the vellow of the spec-
trum but is rather a broad band of radiation containing sub-
stantially all wavelengths of visible light except those at the
blue end of the spectrum. Since blue light is absent, only
the red and green receptors are stimulated equally. It fol-
lows, then, that if the red and green receptors are blocked
out so that only blue receptors operate, a white surface
should appcar blue. One way to effectively block out color
receptors is to overstimulate them to the point of insensi-
tivitv. Stare fixedly at the vellow circle of Fig. 1 for about
20 seconds and then quickly shift vour gaze to the adjacent
white circle. You see a blue afterimage because the red and
green receptors of the eye have become fatigued and do not
respond to the red and green wavelengths in white light.
The afterimage will gradually fade as the receptors recover
their sensitivity.

The unexpected behavior of red, green, and blue pri-
maries results from the fact that they are “additive,” and as
such differ from the “subtractive” primaries of red, blue, and
vellow. Actually, the subtractive primaries are not red, blue,
and vellow but magenta, cyan, and yellow—the complemen-
taries of the additive primaries. Herein lies the major dif-
ference between color television and other common color-
reproducing media. Additive primaries are so called because
they are self-huninous sources of light—the phosphors coat-
ing a color picture tube, for example—whose visible light out-
puts arc added together 1o vield a desired color. Subtractive
primaries, on the other hand, are absorbers of light that are
used in series (lavers) to create color by removing selected
wavelengths from a white source. Subtractive primaries in
the form of dves and various types of pigments are used in
photographic and printing processes.

The Elements of Color

We perceive color, as a conscious sensation, in terms of
three major subjective attributes. Primary among these, and
the only one of them exhibited by both neutral or gray

(achromatic) tints and truly colored colors, is Drightness.
Brightness is a matter of over-all intensity of light given out
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by objects seen. The physical term is luminance and is ex-
pressed in such unmits as footlamberts. A second major at-
tribute, and the most characteristic of color, is the distinction
between redness, vellowness, blueness, greenness, and so
forth. This attribute is called hue and, among the pure colors
of the physical spectrum, corresponds rather directly to wave-
length. Finally, distinguishing strong colors from pale ones
of the same hue, as red from pink, is the attribute of satura-
tion or chroma. Saturation may be thought of as related to
physical purity, or freedom from dilution with white.

Fig. 2 illustrates the interrelationship of hue, saturation,
and brightness. The upper third of this figure shows a strip
of white, the middle third a strip divided by a red hue at
low and high saturation for a certain brightness level, and
the lower third a strip with the same red hue at the same
saturations but for a higher brightness level. Notice that
vour eye can detect a difference. All four colors are red, yet
all are different because the strip has been altered step-by-
step from original white (the same white of black-and-white
television) by the three basic characteristics of color.

The three variables, hue, saturation, and brightness, de-
fine completely the qualitative aspects of color as a mental
phenomenon. It is apparent that these three may be made
the basis of a three-dimensional system for plotting, or at
least for describing, a particular color. For example, all possi-
ble mental colors may be thought of as distributed through
the interior of a solid, as shown on page 21, in which bright-
ness varies vertically, hue varies with the position about the
center in a horizontal plane, and saturation varies with the
distance outward along straight lines perpendicular to a
vertical through the center of the solid. In this diagram, the
vertical bar through the center of the solid has zero satura-
tion (hence zero hue) but varies in brightness from one end to
the other. Along any radial line, that is, a line perpendicular
to the brightness axis, saturation increases with distance
from the center, and hue varies with the angular position
of the line as seen from the top or bottom of the solid.

Color Matching

Although the eve is unsuitable for measuring color directly,
it is a highly sensitive color-matching instrument. It is this
property of vision that is utilized in colorimetry. Thus, any
color stimulus may be specified by finding a known second
stimulus which the eve establishes as being equivalent to it.
In modern colorimetry, the second stimulus is taken as a
combination of red, green, and blue light; however, any three
monochromatic (single color) colors can be used as primaries
as long as no two of them can be mixed in some proportion
to match the third. Specifyving an unknown color cousists of
giving the amounts of cach primary stimulus required for
matching.

Such direct colorimetry is usually accomplished by means
of specially designed instruments so arranged that the ob-
server secs the unknown color as one half of a field visible
through the evepiece. This “colorimetric field” is usually of
some siinple geometric pattern, such as a square, and the
two halves are divided by a sharp diagonal boundary. The
observer mixes the proportion of primary lights until both
halves of the field match precisely in color and intensity.

ELECTRONICS WORLD
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In a good direct colorimeter, the dividing line will disappear
completely when a good match in color and intensity has
been attained.

Fig. 3A shows a set ol curves, obtained experimentally by
the direct colorimetry method, which represents the average
color-mixture data of a number of normal observers. These
curves specify the amounts of three monochromatic primaries
the average observer needed to match all of the spectrum
colors. If other primaries had been used, a different set of
curves would have been obtained, but since there is nothing
unique about any set of primaries, one set of curves ob-
tained with one set of primaries is transformable into any
other set obtained with other primaries.

Color Measurement

For convenience of computation, in 1931 the International
Commission on lumination (CIE) standardized on the set
ol color-mixture curves shown in Fig. 3B. These curves, based
on idealized supersaturated primaries not physically realiz-
able, were derived from the experimental color-mixture curves
of Fig. 3A. Although the original color-mixture curves were
established by human observers, the use of actual observers
in evervday work is impractical. As a result, an indirect
method of colorimetry is now geunerally used. This method
consists of the computation of standard colorimetric specifi-
cations from the awves on Fig. 3B and spectroradiometric
data from the sample to be matched. Specifications com-

NO HUE

RED HUE AT LOW
BRIGHTNESS LEVEL

LOW SATUR.

HIGH SATUR.

RED HUE AT HIGH
BRIGHTNESS LEVEL

Fig. 2. Relationships among hve, saturation, and brightness.

puted by indirect colorimetry permit the classification of
ordinary colors in a manner corresponding quite closely to the
appearance of the colors for over 90% of the population.
The ordinates of the standard CIE color-mixture curves x,
y, and z at any wavelength give the tristimulus values of a
spectrum color at that wavelength. For example, the tristimu-
lus valies of green light of wavelength 520 millimicrons are
x=0.0633, ¥y = 0.7100, and 5= 0.0782. So that these numbers
can be presented graphically on a two-dimensional diagram,
the quantities x=x/(x+y+5) y—y/(x+y'3) and ==3/
(x+vy—z) are defined so that x+y+z=1, and therefore any
two of these quantities are sufficient to specify a chromaticity
(the sum of the x and y values subtracted from 1.0 gives pro-
portion of third primary. Thus the  (Continued on page 70)
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Fig. 3. (A) Color mixture
curves showing the number
of lumens of three mono-
chromatic primaries re-
quired to match one watt of
rndiant power of a color
of certain specified wave-
length. (B) International
Commission on lllumination
(CIE) standard color mix-
ture curves based on (A).

LUMENS

Fig. 4. (A) CIE chromaticity diagram shows complete cclor range closed by non-
spectral colors. (B) Triangle shows coverage of CRT phosphors, irregular area
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Color-TV
Set-up
Problems &

Adjustments

Chief Service Engr., Entertainment Products Div.
By VIC BELL /Sylvania Electric Products Inc.

(Editor's Note: A number of the faults described in this
article are illustrated by the picture-tube patierns that are
shown on our cover. Although a color-bar generator was
employed for these llusirations, the color defects shown
may also be observed on a normal color-TV program.)

LUGGING a new color-TV receiver into the power line,
connecting the antenna lead, and watching a color pro-
gram immediately was unheard of until recently. It is
becoming increasingly cominon although, in general. color-TV
manutactirers don’t recommend it. Some set-up adjustments
are usually necessary if the receiver is to give optimum per-
formance. Many of these adjustinents can be made with little
or 1o test equipment simply by observing the picture.
When an adjustment is not indicated or when the adjust-
ment results are not normal, the screen display or control
effect may indicate where the problem lies, Pulling a tube,
with the receiver in operation, may pinpoint the trouble to
a specific stage or, in other cases, to a component.

Check the Antenna

The purpose of the set-up is to “trim” adjustments which
may have changed from shipment vibration, from aging, or
from temperature changes.

A major item which is often overlooked in the set-up is the
antenna. An antenna which provides an acceptable picture on
a black-and-white set will not necessarily be good enough for
a color set. Noise in the picture caused by a weak signal is
often unobjectionable (possibly even unnoticed) on a black-
and-white set. But on a color set the same signal may be en-
tircly too weak, This is true for two basic reasons: color sets
generally have a wider bandwidth than a black-and-white set
and colored noise (confetti) which will be present in color
pictures is more objectionable than black-and-white “snow.”

For these reasons, the antenna should rate high on your
check list. If the picture on the original black-and-white set
was “clean,” generally you will not have trouble with the
color signal. This is especially true of antennas manufactured
in the past few years. Older antennas may have response dips
which might cause a color-information loss, Even in these
cases, the signal is frequently borderline. Thus, with the an-
tenma considered (and don’t forget the lead-in and any multi-
set conplers), vou are ready to investigate other troubles, For
example, there may be no color on the set.

Color-Signal Chain
Any time that color is not present (while a color program
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is on the air), some part of the color-signal c¢hain must be
suspected. Often when color cannot be obtained from the
“air” signal, a color-bar generator can be emploved and the
set will appear to function normally. This is true because the
color-bar generator is normally capable of delivering a
stronger-than-normal signal which overrides set faults. The
one time a generator should be used to check such complaints
is when the generator has been calibrated so that it can be
set for an output equivalent to the signal normally delivered
to the set.

An easy first check to make for “no colm” (or weak color)
is to check the setting of the color killer. The killer should
be set so that confetti is just cut off when the set is tuned
to a noisv, no-station channel, If confetti cannot be obtained
at any setting of the color-killer control, it should be left in
the “wide open” position while troubleshooting progresses.

Most of us are familiar with the rainbow-hued pattern
sometimes generated when a set with an out-of-syne 3.58-mec.
oscillator is tuned to a color signal. Many are not aware, how-
ever, that this same condition can cause a complete apparent
loss of color, This condition can be very difficult to recognize
because the rainbow pattern is moving at a very rapid rate,
resulting in a near-normal black-and-white picture. This con-
dition can be detected more easily if the chroma control is
advanced to maximum.

Depending on the set, only a few tubes are associated with
a “no-color” malfunction, These are the chroma amplifier, the
bandpass amplifier, the killer, killer detector, reactance con-
trol tube, 3.38-mc. oscillator, or phase detector. Although
these can be checked in a tube tester. the most foolproof
method is substitution with known-good tubes. Do not over-
look the possibility of a tuner tube or an i.f. tube causing
a loss of color; it can happen.

Sometimes the reproduction of a black-and-white signal is
normal but the color reproduction is abnormal (as opposed to
missing). One of the most common symptoms is an over-all
green color; that is, all of the normally colored areas of the
screen become some shade of green. If the killer is set prop-
erly, loss of the 3.58-mc. oscillator may cause a loss of color.
On the other hand, if the killer is misadjusted or has been
“opened,” the colors will all appear as shades of green. This
symptom can be demonstrated quite easily by simply pulling
the oscillator and opening the killer while observing a color
program source.

Any one of several components can cause this malfunction
but the easiest to check are the tubes. The veactance control
and oscillator tube are prime suspects but the phase detector
may be at fault as well. Loss of the sync burst may cause the

ELECTRONICS WORLD

www americanradiohistorv.com


www.americanradiohistory.com

Picture symptoms can
help solve color-TV
problems. Here are
some quick checks that
will save time & trouble.

oscillator to run out of sync but will not normally stop it
from oscillating. Burst amplifiers and gating tubes should
also be suspected in sync troubles.

Demodulator troubles can also affect the color yet leave the
black-and-white picture normal. The effect of this can be
demonstrated easily in most sets by removing one of the
demodulators while observing a color picture. The results
are the same as if the 3.38-mc. injection were deprived of
one of the demodulators.

The 6GY6 is commonly used as a color demodulator and
since both the X and Z demodulators are identical, they can
be interchanged. If the symptom is similar but with a differ-
ent color, one of the tubes is at fault.

Convergence & Purity Problems

Every so often a receiver refuses to provide an acceptable
picture. Convergence has created some concern since color’s
beginning so let’s look at some of the things that can cause
“impossible-to-converge” situations.

Static convergence is generally considered to be the “easy”
part of the set-up. Occasionally even static convergence can
give the technician hours of trouble. Generally, the trouble
is not that he cannot get the dots to coincide, but that one
dot is larger than another or that the dot convergence appears
better than the picture convergence. In some instances one of
the dots may be oblong and hang out on both sides of the
other dots.

Some say that the dot should be as small as possible and
that brightness and contrast should be turned down until the
dot display is as small and as sharp as possible. Using this
method can lead to poor convergence on the final picture. If
the brightness and contrast are turned to normal viewing
levels, then the same beam “scattering” takes place as when
watching a program, and the convergence will be more ac-
curate. When watching a small, low-level dot pattern, the
edges of the dot must be observed so closely that each in-
dividual color dot stands out and the degree of convergence
cannot be determined accurately,

Oblong dots may be caused by a faulty picture-tube neck
component or direct current in one of the convergence coils.
What actually happens is that a magnetic field is caused by
a fault somewhere in the circuitry which introduces a static
error because of d.c. in the coils. This offsets the “center dot”
position with no magnetic correction. To correct this shift in
static convergence, the static magnets are moved to the other
extreme. The total effect of these two forces is an elongation
of the dot.

The convergence circuitry can be checked for this error by
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simply unplugging the couvergence assembly and removing it
from the neck of the tube. If the dots are still more than a
quarter of an inch off center, remove the voke and demagne-
tize the picture tube thoroughly, Turn the brightness and
screen controls to a minimum and then advance them slowly
until a small dot for each gun is visible. These dots should be
within a quarter inch of one another. If they are not, the
picture tube is at fault.

After good static convergence has been obtained, dynamic
convergence is next. This is the most trving part of the set-up
because absolutely perfect convergence over the entire screen
is just about impossible to obtain. Therefore, the technician
often must compromise to some degree. Even after all normal
steps have been taken to converge the set properly, some
sets are still not acceptable. In such cases it is wise to change
the deflection yoke. This, of course, necessitates a complete
new set-up.

Purity can also be a headache. Most purity problems can
be blamed on poor degaussing. When installing a new set,
manual degaussing is usually a “must.” It is not material that
the set does or does not have automatic degaussing. Auto-
matic degaussing is intended onlv to remove normal mag-
netization to which the set might be subjected during normal
operation. Best purity results will probably be obtained on
automatic degaussing sets if the set is degaussed when it is
cold and turned off. Be sure to degauss the set thoroughly.
Only after a 15-minute warmup with the brightness at its
normal setting will vou be ready to set the purity,

Color Temperature

Manufacturers” instructions are not ahwavs sufficiently ex-
plicit when describing the set-up procedure for the screen
and drive controls. In fact, the instructions given by the
manufacturer are only rough or preliminary adjustments in
many cases. If, after using the manufacturer’s instructions,
vou find that the screen has an over-all undesirable shade,
vou can easily determine which control or controls should be
adjusted.

For example, suppose that after the preliminary adjust-
ments the brightest objects appear white but the grey or less
bright objects take on a green hue. Such a problem can be
easily corrected by remembering this relationship: screen
controls affect the low-brightness areas and drive controls
(background controls on older sets) affect high-brightness
areas.

The brightness control and a no-station channel can aid in
applying this principle to obtain perfect color tracking (no
color change from low to high (Continued on page 56)
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RECENT
DEVELOPMENTS
IN ELECTRONICS

Ultrasonics Tests TV tower. (Above) A 215-foot television mast
located some 800 feet above street level on the new 1000 Lake
Shore Drive Building in Chicago, is shown here having its welds
tested with ultrasonics. The antenna will be used by WTTW
and WXXY. A portable Magnaflux ultrasonic flaw detector, using
an oscilloscope readout, was located on the roof of the build-
ing. The transducer was connected to the equipment with a
long cable. Ultrasonic pulses are passed through the welds at
an accurately predetermined angle. Discontinuities and the
opposite surfaces reflect the pulses back to the transducer
and to the instrument. The time lapse between initial pulse
and the return of the reflections is indicated by pips on the
scope screen. Location of pips and their relative heights
indicate the location and the severity of any discontinuity.

Brake Drums Checked Electronically. (Center) An automated
gaging system that performs seven separate inspections on the
inside diameter of automotive brake drums within 6 seconds
is shown here. Six of the units, which have an individual ca-
pacity of 600 brake drums an hour, are in regular use by a
major automobile manufacturer. Brake drums are inspected by
air-electronic gages for concentricity, ovality, true and aver-
age inside diameter size, taper, and rate of change with re-
spect to two radii spaced 30 degrees apart. In addition, a
contact gage checks lateral runout and water groove depth.
An interesting feature of the RCA-designed gaging machine
is its system for spotting a defective brake drum with a drop-
let of colored wax to indicate the reason for rejection.

Longest FM Tropo Link. (Left) The North American continent’s
missile-defense chain was strengthened recently by the imple-
mentation of the longest and most powerful FM tropo scatter
communications link in the western world. The new Arctic com-
munications network extends from Thule Air Force Base, Green-
land to Canada's Melville Peninsula in a single 591-mile hop.
Using 100-kw. power amplifiers developed by Radio Engineering
Laboratories, the new system provides static-free, reliable,
multichannel telephone and teletypewriter circuits. The fre-
quency-modulated system transmits and receives wideband
communications in the 345 to 455 megacycle range. Some of the
channels are priority links from radars of the Ballistic Missile
Early Warning System (BMEWS) which guards this hemisphere.

ELECTRONICS WORLD
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Gemini Fuel-Cell Battery. (Right) A cut-away mockup of the
fuel-cell battery that was used in the Gemini 5 flight is shown
along with one of three fuel-cell stacks (being held) forming the
battery and a single fuel cell (extreme left). Ninety-six in-
dividual cells are contained in the battery. In spite of some
early difficulties with the oxygen line heater, the battery
acquitted itself admirably throughout the 8-day flight. Similar
fuel-cell batteries, manufactured by G-E, are scheduled for fu-
ture Gemini missions. The fuel cell contains an anode and
cathode which are in contact with a solid Teflon-like electrolyte
that permits hydrogen ion exchange. Hydrogen fuel is introduced
at one electrode and oxygen at the other. With the aid of a cat-
alyst, the hydrogen atoms are ionized and the ions move through
the solid electrolyte to the cathode where they combine with
oxygen. Electricity is produced along with water as by-product.
Sonar Dome. (Center) The big bulge is an acoustical “window"
for a bow dome that will be mounted below the water line on the
bow of the Navy destroyer Willis A. Lee, where it will house
and safeguard sensitive sonar equipment. The window, made of
special rubber that has acoustical properties similar to sea
water, permits sound to pass with minimum distortion. Ten
feet high, 20 feet wide, 37 feet long—and weighing 18,600
Ibs.—the window is the largest molded rubber product ever
manufactured, according to B. F. Goodrich, its producer.

“Fly’s Eye" Lens for Integrated Circuits. (Below Left) More
than 1300 clear images, some of which are shown greatly magni-
fied, can be produced in a single exposure by a 1%” “fly's
eye' lens developed by IBM. The photo, illustrating the multi-
image capability of the lens, was made from the negative shown
full size in the inset. The lens and its camera were designed
to reproduce patterns for the ultra-precise microelectronic
circuitry of the company's recent line of System/360 computers.

Radar Antenna for Gemini. (Below Right) Four circularly polar-
ized radar antennas are used in the Gemini spacecraft for ren-
dezvous experiments. Although such experiments could not be
performed in the Gemini 5 flight, future missions are expected
to employ the Westinghouse radar. The antennas are built as
spirals printed directly on epoxy board. This results in a very
lightweight construction. Angles in two orthogonal axes are
measured with three receiving antennas, one of which is common
to both axes. Azimuth and elevation are determined by use of
these antennas. The fourth antenna is for radar transmission.

Iradiohistorv com


www.americanradiohistory.com

Single-cylinder high-pressure {10,000 psi) cryogenic pump.
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By WILLIAM NELSON
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Important uses for equipment producing ultra-low temperatures include space

environment simulation, low-noise amplifiers, and superconducting magnets.

Y the 100th dayv after Mariner 2 was launched, with Ve-
nus still nine days away, the spaceship temperature had
climbed to an alarming average 40°F higher than had

been predicted. The battery which supplied power to the elec-
tronic system had reached its uppermost limit. The carth-
sensor had passed its limit; other electronic systems were
approaching limits, Moreover, with solar radiation impinging
at greater than 230 watts on each square foot of Venus, the
sitvnation could only get worse.

This crisis in space came close to aborting one of America’s
most successful space probes. It came about because there
was, at that time, no way on earth to adequately simulate the
space environment. Space has no temperature and the heat
dissipated by circuits operated in outer spuce wmust be re-
moved, just as on carth, to preserve electrical propertics and
prevent damage.

Recent advances in ervogenics now make space probes
more reliable by providing knowledge of outer space effects
before the vehicle leaves earth, as well as providing refriger-
ation for removing heat generated in the vehicle during its
vovage into outer space.

Crvogenics is the science of low-temperature physics con-

Fig.. 1.

hydrogen ond exygen gases clong with sulphur hexafluaride for heal exchonge.
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Special cryegenic system dezigned by Kidd Merospoce which ufilizes

cerned with the behavior of matter at very low temperatures.
(Cryogenic temperatures are frequently defined as those be-
low —297°F, the hoiling point of liquid oxygen. . .Ed.) The
function of the cryogenic svstem is to transfer waste heat from
heat sources to a heat sink.

Highly specialized refrigeration svstems are needed to
achieve and maintain crvogenic temperatures. Fundamental
to all cryogenic systems is the method of removing heat from
the warm high-pressure arca and transferring it to the cold
low-pressure area. Heat exchangers are used for this purpose
and may employ coiled tinmed tubing wrapped in a mandrel,
resulting in a densely packaged, highly efficient unit.

Two methods are available for accomplishing this heat
transfer. One makes use ol a liquid, cthyvlene glveol, to effect
heat exchange with nitrogen. The other uses a gas, sulphur
hexafluoride. These two systems are competitive on a weight
basis, the gaseous system offering some control advantages.
(See Fig. 1.)

The basic cooling cycles used in ervogenic refrigeration are
the Joule-Thomson cycle and the expansion-cngine cvele.
Each exhibits advantages for specific cooling requirements.
The Joule-Thomson cyvele is the simplest method of providing

refrigeration since cold moving parts are
not reguired,
Inherent in the use of ¢rvogenic tem-
peratures with electronic systems is the
wee associated design problems of the elec-
ExT tronics. Electronie components and fab-
rication  techniques must be able to
withstand the nltra-low temperatures; in-
sulation and circuit connections must
endure changes from ambient to crvo-
genie temperatures. It is hard to pro-
| vide comnections which hold together
condnctors with different thermal ex-
pansion coefficients. Contamination,
which at eryogenic temperatures causcs
malfunction of electronics circuits, must
be eliminated by special techniques.

Insofur as electronic applications of
crvogenics are concerned, the sky seems
to be the limit. While outer space pro-

-
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vides many of the conditions for opti-
mum use. here on earth there seems to
be virtually no limit. New types of power
generating devices are being designed:
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Fig. 2. A 70,000-mc. traveling-wave maser system operating at constant cryogenic temperature for improved frequency stability.

ervogenic avros, motors, and solenoids are already in use.
New crvogenic computer elements appear almost daily.

One of the carliest applications of ¢rvogenics to electronics
was the development of an echo box having a “Q” of abont
300,000, This is an unheard of occurrence in equipment op-
erating at wnbient temperatures. Recent advances in super-
insulation make possible substantial improvements in this
earlv deviee.

Many of the latest devices in electronies either mnst operate
at low temperatures or their operating characteristics are con-
siderably improved by such operation. This includes nltra-
sensitive detectors, masers, fasers, paramagnetic amplifiers. in-
frared detectors, diode lnminescent devices, new sources of
clectromagnetic energy, and a host of others. (See Fig. 2.)
The time is probably not far distant when many ¢lectronic
systems will operate at eryogenic temperatures,

One cryvogenic system provides a low-temperature en-
vironment for stable low-noise parametric amplifier pertorin-
ance for periods of 2300 hours without adjustment or main-
tenance. Conductive cooling quickly lowers the parametric
amplifier system from ambient to the operating temperature
when the unit is operated in a vacnuni-insulided enclosnre.
The net refrigeration removes the combined electrical and
thermal (conductive and radiant) loads of the wnplifier as-
semblies that are emploved.

Superconductivity

When certain materials are cooled be- Fig. 3. Superconductivity is
low a critical temperature and close to ;'°“. of special wire submerged A
absolite zero  (about 160°F), their LB UL O LI 2 S G
1 ical rosi _ ) ! \g two vacuum chambers keep the helium from
electrical resistance approaches zero, As boiling off. The entire vessel
a result, the material becomes a super- “dewar'’} is made of stainless steel
conductor of electrical current. Passing operates as double-insulated vacuum bottle.

an clectrical carrent through a supercon-
ductor does not result in anyv heat being
produced. (See Fig. 3.) This phenome-
non of superconductivity occurs in many
metallic clements and in over 100 differ-
ent alloyvs.

In a superconducting coil where there
is virtually no resistance, a current can
be maintained for a vear or longer with
virtuallv no excitation.

Since the discovery of this phenome-
non in 1911, the possibility has been
recognized in the use of superconductors
for constructing efficient solenoidal mag-
nets, They would require no power and
present no problems associated with
heat transfer to cooling media.

A superconducting magnet consists of

-~ VACUUM

“Liouib
HELIUM

a coil of very special wire, such as nio-
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50,000-gauss superconducting magnet used to study properties
of maotter in high magnetic fields at very low temperatures.

bivnn-zirconium or niobium-tin, which is
immersed in a bath of liquid-heliom, At
this crvogenie temperature (- 452°1)
the wire has zero resistance and can car-
rv tremendous due. electrical curvents
(200,000 amp./cm.?) without heating.

It is thereby possible to wind ven
compact, very strong d.c. electromagnets
that consnme virtually no power and
with considerable saving in over-all cost.

\Most of the applications of supercon-
ducting magnets at present are in the
area of basic research, particularly phys-
ics. Considerable application has also
been made in clectronics, As the tech-
nology  develops, there is a  definite
application to atomic particle accelera-
tors, magnetohvdrodynamic generation
of electrical power, and countless types
of instrumentation.

Superconducting magnets are a nat-
ural in maser and laser applications since
the maser and laser ervstals must be at
liquid helium temperatures for most ef-

(Continued on page 54)
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Probably the most complex device to be mass-produced for the consumer
market, the color CRT requires the most exacting optical, chemical,
metal-working, glass-fabrication, electronic, and assembly procedures.

MANUFACTURE OF
COLOR PICTURE TUBES

By J. F. HOLAHAN / RCA Electronic Components and Devices

COLOR-TELEVISION picture tube is an enormously
complex device, Consider the problem of precisely
aiming three separate electron beams at a fluorescent

screen between one and two feet away, The screen is made
up of nearly 1% million red, green, and blue color phosphor
dots. The beams must pass through some 400,000 tiny holes,
as small as 0.010-inch in diameter, and each beam must strike
only those phosphor dots of a single color. Consider further
that these three electron heams must sweep over an area of
about 300 square inches, 60 times each second, and that they
must maintain their relation to each other throughont. Added
to all of this is the problem that the three beams can be de-

Fig. 1. The three electron beams approach the shadow mask
at angles so that each beam hits its own color phosphor only.

RED ELECTRON BEAM

GREEN ELECTRON BEaM

BLUE ELECTRON BEAM

RED
ELECTRON
BEam |
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flected very easily even by the weak magnetic fields produced
by the earth and nearby magnetized objects.

It is obvious that some very special manufacturing tech-
niques must be used in order to produce such a complex
device, yet one that still creates accurate color pictures. This
article describes the techniques used by RCA at its color-tube
manufacturing plants at Lancaster, Pa. and Marion, Indiana.

The Color Tube

The modern color-television tube differs from a black-and-
white tube in the makeup of the phosphor viewing screcn,
in the configuration of the electron gun, and in the presence
of an additional element within the envelope, called a shadow
mask. These differences are fundamentally the result of the
fact that a color-picture tube is actually three complete pic-
ture tubes built within a single envelope.

Instead of a single solid fayer of phosphor emitting onlv
white light, the color-tube screen is made up of small indi-
vidual dots of phosphor arranged in orderly trios. Each trio
includes three dots, each of which emits a characteristic color
when excited by an electron beam. Thus, the television pic-
ture may be considered to be made up of minute spots of
light varying in brightness and placed very closely together
so that the eve integrates them.

The primary colors used are red, blue, and green. With
this system of primaries, the color tube is capable of produc-
ing a wider gamut of colors; greater, in fact, than that ob-
tainable from either color printing or color film. (See “Color-
imetrv in Color Television” in this issue.)

Similarly, the color-tube electron gun is really three guns
combined into a single assembly. One gun creates a beam of
electrons which is controlled in such a manner that it strikes
only the red-light-emitting phosphor dots to paint a red pic-
ture. The beam from the second gun strikes only the blue-
light-emitting phosphors and creates a blue picture. In the
same way, the third gun provides the green picture infor-
mation.

Between the electron gun and the phosphor screen is the
heart of the color-television tube—the shadow mask. The
shadow mask is a sieve-like disc containing about 400,000
holes, one hole for each phosphor-dot trio. These holes vary
in diameter across the mask, according to a precise mathe-
matical formula, from 0.010 to 0.012 inch. As shown in Fig.
1, the function of the shadow mask is to keep the three color
pictures separated by shadowing two of the three arravs of
phosphor dots from two of the three electron beams, while
exposing the proper array to bombardment by its particular
bheam.

ELECTRONICS WORLD
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Fig. 2. Automatic gauge checks contour of CRT faceplate or
panel at 125 points. Failure to meet contour is signalled
by red indicator lamp on panel. One red light means reject.

Although the shadow-mask color picture tube is probably
the most complex “chemelectromechanical” device ever to
be mass-produced for the consumer market, it is compiling
a record of reliability and long life which rivals that of its
relatively uncomplicated predecessor, the black-and-white
tube. How is it done? The answer lies in the almost incredi-
ble precision used in every step of color-tube manutacturing
—from inspection of raw materials, creating the color tube, to
packaging and shipping of the finished device.

Incoming Inspection

All parts and materials used in the manufacture of the
color-television picture tube are thoroughly inspected prior
to use. Individual lots are acceptance-inspected on the basis
of the same statistical sampling plans used for military and
government space programs. Acceptance specifications in-
volve visual, mechanical, and dimensional standards and, in
many cases, also involve laboratory tests for elemental purity
as well as for exacting chemical and physical characteristics.

One of the newer pieces of inspection apparatus in use at
RCA’s Lancaster plant is shown in Fig. 2. This automatic
aange is used to measure the contour of the tube face plate
or panel. The gauge checks 123 points on the face of the
panel by means of small. air-regulated pressure points which
Lave been precisely set. As the panel depresses the pressure
points, red and green lights on the display board. correspond-
ing to specific pressure-point locations, indicate whether or
not the contour of the panel meets specifications. One red
light is sufficient to reject the panel. Similar comparator
agauges check the trueness of the panel and funnel periphery.
Seal lands (the surfaces at which the panel and funnel are
joined) are checked for flatness on granite plates ground and
polished to a tolerance of 0.0001 inch.

Some parts and materials require even more complex in-
spection techniques. An example is the inspection process ot
nickel material used in the manufacture of the cathode. a
vital component of the electron gun. At incoming inspection,
an inspector removes a 2-foot section from each coil of metal.
and forwards it to the laboratory for analvsis. There the nickel
first undergoes spectrographic analysis where concentrations
of only a few hundredths of a percent of other metals present
in the base nickel are determined. Since cathode performance
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is aflected by the presence ol minute guantities of several
other metals in the base nickel. exact measurements are ob-
tained through the use of a recording microphotometer. The
strip is then taken to a conductometric carbon analyzer where
a determination is made of the amount of carbon and sulfur
present in the metal. Concentrations as low as 0.002% carbon
or sulphur are readily detected.

All metals contain many microscopic inclusions of oxides,
silicates, or sulfides distributed at random throughout the
mass. [t is often necessary to identifv these inclusions to
determine whether they will have an adverse effect on the
life of the finished tube. By the use of an electron probe
analyzer, particles as small as one-hundredth the width of
a human hair can be examined and identified.

Shadow Mask

The shadow mask is manufactured by a combination of
chemical, mechanical, and photographic techniques that are
closely akin to photoengraving. In this process. 1000-pound
coils of cold-rolled steel 0.006-inch thick (about the thick-
ness of the cover of this magazine) and 21% inches wide are
first fed into a machine which chemically cleans all traces of
oil, oxide, and other soil from the surface of the metal. Both
sides of the strip are then coated with a thin laver of fish-ghie
solution which has been made light-sensitive by the addition
of certain chemicals. This coating is quite similar to a photo-
graphic film in that exposure to light will produce an image.
The coating applied in this machine is dried and the coated
strip is recoiled on spools.

Following recoiling, the strips are fed through a manually
indexed machine in which the coated strip is first sandwiched
tightly between two glass sheets containing photographic
patterns of about 400,000 dots. These two patterns are held
in intimate contact with the coated metal by the action of
vacuum, and must be perfectly aligned (from one side of
the metal strip to the other) within a fraction of a thousandth
of an inch. After alignment, the sensitized coating is exposed
to the light emitted by two high-intensity arc lamps, and the
dot pattern is reproduced on each side of the metal.

Once again the strip is recoiled and then fed into a ma-
chine where spravs of water remove the unexposed areas of
coating which have remained water-soluble, then through
an oven which bakes the remaining coating to a hard, chemi-
cally resistant finish. In the final processing step, the metal
with its pattern of uncoated dots is fed through sprays of
acid whicli chemically eat through the uncoated arcas from
both sides of the metal simultaneously to produce holes hav-
ing the characteristic cross-section shown in Fig. 3.

This “tapered hole” feature improves the saturation of an
individual color field and the contrast when the three ficlds

Fig. 3. Photomicrograph of a typical shadow-mask hole shows
tapered hole that is produced to reduce electron scatter.
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Fig. 4. Tapering the holes in a shadow mask reduces electron
scatter, increases beam intensity, and achieves increased
light output as well as better contrast and color saturation.

are used together to produce white. As shown in Fig. 4, taper-
ing permits the electron beam to be transmitted through the
mask without striking the side wall of the aperture. The de-
gree of hole taper in the mask is not the same over its entire
area, but maximum at the edge and gradually reduced to-
ward the center. This gradation provides maximum taper
where it is needed; that is, near the edge of the mask where
the electron beam approaches at the greatest incident angle.
Another advantage of the tapered holes is the fact that more
of the beam is allowed to pass through the aperture, whereas
the wall of the straight-sided aperture blocked upwards of
20% of the beam. Thus, tapering achieves increased light
output as well as improved contrast and color saturation.
Light output is also substantially increased by grading the
size of the holes over the area of the shadow mask. Holes
gradually increase in diameter from the edges to the center;
consequently, the central portion of the color hole feature
effectively exploits the tendency of the human eye to take its
impression of over-all brightness from the center of the screen
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Fig. 5. Phosphor processing takes place on this semi-automatic
machine. The trolley moves the CRT panels to each position.

Fig. 6. The phosphor dispensing station deposits an exact

amount of phosphor on the spinning panel for uniform spread.
T ' - o
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it is viewing. The viewer is aware not of the variation, but
only of the increased brightness of the picture.

After etching and removal of the protective coating, the
mask is formed into its final spherical contour, blackened,
and precision welded to a rigid frame. It is then subjected
to several critical inspections for size and perfection of the
apertures. Each mask is checked on a light table for defects
that could produce objectionable spots, streaks, or bars in
the color picture. In this inspection, irregularities in the size
of adjacent holes so minute as to be virtually unmeasurable
can be visually detected. In addition, before forming, the
masks are checked in statistically determined areas for proper
hole size. The measuring instrument is a photoelectric cell
device which can measure tolerance of hole size to less than
0.0001 inch. The mask is now ready for installation.

Phosphor Screening

(Editor’s Note: It should be pointed out that the following
discussion on phosphor screening applies to the authors
company (RCA). Other color-CRT manufacturers use diff-
erent techniques for laying down the phosphors.)

Application of the phosphor screen to the glass panel is
perhaps the most critical of all manufacturing steps. Added
to the usual problems of dimension control is the tendency of
phosphors to behave erratically when contaminated by even
trace (minute) amounts of impurities. Airborne particles of
copper, for example, will make blue phosphors glow green
and green phosphors glow red. As a result, screening is car-
ried out in a very clean environment.

Each of the three dot arrays is formed in a “photo deposi-
tion” process similar to that used for the shadow mask. All
processing steps are accomplished on a semi-automatic ma-
chine, such as the one shown in Fig. 5. The trolley moves the
panels from position to position around the machine in an
indexing manner.

At the dispensing station, shown in Fig. 6, a carefully
metered amount of phosphor in the form of slurry is depos-
ited into a spinning panel so that it spreads uniformly over
the panel surface in a solid layer. At the time of dispensing,
the slurry material looks much like pancake batter and con-
tains a photosensitive additive as well as the fluorescent
material. The phosphor layer is then dried at subsequent
stations on the machine, and a shadow mask is installed in
the panel. As shown in Fig. 7, the mask is supported by
specially designed leaf springs and is readily inserted and
removed. Furthermore, the supporting system is so precise
that it places the mask within 0.00025 inch of the same
position within the panel each time it is inserted.

The panel with its shadow mask is then placed on a device
called a “lighthouse.” In the lighthouse, a point source of
light is properly placed with respect to the panel and mask
so that the angle of (Continued on page 56)

Fig. 7. Installing a shadow mask. The supporting system is
so accurate that the mask is oriented within a quarter mil.
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NE of the most persistent and annoying troubles in TV
reception is the appearance of multiple images
(ghosts) . In the majority of cases, a ghost is due to a

reflection of the television signal between the station and the
receiving antenna. However, reflected signals can also be due
to impedance mismatch between antenna and transmission
line, or between the transmission line and the receiver,

In both color-TV and black-and-white reception, the ghost
problem is caused by reflections, but a new type of ghost, ef-
fective only on the colors themselves, can also occur and the
presence of ghosts is much more objectionable in color than
it is in black-and-white. For this reason, many viewers who
accept a slight ghost on black-and-white receivers without
complaint will object violently to the same amount of reflected
signal appearing on their color sets, This article will look into
the causes and possible remedies of two types of ghosts which
can occur in color-TV receivers. Before leading the reader to
believe that a positive cure-all can be preseribed, however, it
must be admitted that in some locations it mayv be totally im-
possible to receive perfect color-TV.

Color-TV Ghosts

Just as in black-and-white reception, signals which arrive at
the receiving antenna by a reflected path, and are thercfore
slightly delaved, will cause a ghost in color-TV receivers. The
reason why such ghosts are more objectionable in color than
in black-and-white is best demonstrated by Fig. 1. Tt is as-
sumed that the sereen shows three color bars and Fig. 1A
ihustrates the combined video signal that creates this particu-
ar pattern, with the related amplitudes of these bars, If an-
other, reflected, signal is received with a slight delay as indi-
cated in Tig, 1B, the two signals will overlap at the horders of
the red. green, and blue vertical bars. At this overlap, a mix-
ture of the two adjacent signals will occur as shown. In a
black-and-white picture. it may not be too objectionable to
see a vertical line slighth displaced and repeated much
weaker, In color pictures, however, when the displacement
area assumes another color, as between the red and green in
Fig. 1B, this immediately calls Tond attention to the ghosting
effect, '

As indicated above, this tvpe of ghost effect is due to the
same cause as its black-and-white counterpart, and we shall
call it a type-1 ghost for the rest of this article. Althongh de-
laved signals can be obtained by standing waves or an in-
pedance mismatch among the antenna, transmission lne, and
receiver, the most frequent cause of type-1 ghosts is a reflec-
tion from a natural or man-made structure. Misadjusted hori-
zontal convergence can give the same appearance on color
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There are two types of ghosts
that annoy color-TV viewers. One is

a simple reflection that can he
easily remedied. The other is an
elusive phase error that
requires some thought in curing.

By WALTER H. BUCHSBAUM / Contributing Editor

pictures, but a type-1 ghost can be identified by the fact that
it appears also during black-and-white reception. If conver-
gence is misadjusted, color fringing also occurs in black-and-
white reception. In a later paragraph, we shall indicate how
some of these type-1 ghosts can be eliminated, but for the
moment let us consider the type-2 ghost, a phenomenon
limited solely to color-TV.

Most readers are familiar with the frequency vs amplitude
relationship of a typical television channel. Fig. 2 illustrates
the frequency arrangement for channel 4 and shows the rel-
ative amplitudes of the transmission channel and, superim-
posed, a typical receiver r.f. response. The color subcarrier is
transmitted 3.58 me. above the video carrier and contains
color information in sidebands which are between 0.5 and
0.7 me. away from the color subcarrier, The amplitude re-
sponse of Fig. 2 tells the whole story for black-and-white per-
formance; but for color reception, Fig. 3, which contains both
amplitude and phase response for channel 4, must be con-
sidered. At the left side, relative amplitude in db is indicated,
while at the right side, phase delay in electrical degrees is
shown.

The problem of phase delay may not be too familiar and it
may be worthwhile to recapitulate the basic characteristics of
a tuned circuit. A single LC tuned circuit has zero phase delay
at the center frequency with the phase of the signal shifting
above and below, in electrical degrees, as frequency is variced
above and below the center frequency. Tuned circuits are used
in the receiver tuner, i.f. etc., and even the antenna consists
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Fig. 2. Relative amplitudes for transmitter and receiver for
Ch. 4. Placement and bandwidth of color subcarrier is shown.

essentially of tuned circuits. When several of these circuits are
tuned broadly due to mutual coupling and loading, the phase
angle changes more gradually. To present a typical example, a
two-stage network, with a center frequency of 67 =3 mc. at
3 db and a “Q” of 11, will produce as much as 60° phase shift
at the 3-db points. This is based on a conpling coefficient of 2.
If a coupling coefficient of 4 is used for the same frequency
response, the phase shift at the 3-db points will he 35°.

When these figures are applied to a typical receiver r.f.
response, the phase shift may be uneven at either end of the
chromatic bandpass as shown in Fig. 3. Here, the phase shift
changes from 70° to about 90°. If the r.f. amplitude response
were completely flat over this bandpass area, the phase delay
(theoretically) would be uniform. Because the over-all speci-
fications require that the r.f. response be approximately 3 to
6 db down at the audio carrier, it is almost impossible to
achieve a completely flat r.f. response over the color-subcarrier
bandpass. Note that the phase delay over the lower portion
of the color-subcarrier sideband is much less, about 7°, as op-
posed to 13° on the high portion of the sidcband. This in-
equality adds to the phase-delay problem.

The real cause of type-2 ghosts is not the phenomenon of
phase delay itself but the fact that this phase delay is some-
times unequal over the range of color information that the re-
ceiver uses. Remember that the basic hue or chroma informa-
tion is encoded in the form of phase difference from the refer-
ence phuse, The reference phase is fixed by the eight-cycle
3.58-mc. burst transmitted during each horizontal sync-pulse
interval and against which the local color oscillator is adjusted.
The problem of phase delay within the color subcarrier and
its sideband will be discussed later in more detail, together
with possible remedies. but the reason for it should be recog-
nized clearly. Unlike the ghosts that are caused by two signals
arriving with a slight time difference, tvpe-2 ghosts result in
certain wrong colors always appearing in place of the correct
hues. This means that it may be impossible to obtain correct
flesh tones and at the same time receive the correct hues for
scenes other than the human face. Many complaints of un-

Fig. 3. If the receiver phase delay changes rapidly across the
color subcarrier portion, this can lead to erroneous colors,
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natural colors, regardless of adjustment of the color controls,
can be traced directly to type-2 ghosts.

Eliminating Type-1 Ghosts

Most of the type-1 ghosts are due to reflections between the
transmitter and the receiver. These reflections invariably reach
the receiver antenna from the side or rear and can be elimi-
nated by using an antenna having a relatively narrow beam
and a very high front-to-back ratio. Where only one channel is
received, a narrow-band-type antenna can be used, but where
a number of television channels must be received the problem
becomes more complex. Antenna research in connection with
some of our space projects has recently turned up a new tech-
nique for obtaining narrow beams and high front-to-back
ratios all over a broud frequency band. Marketed under differ-
ent trade names, the basic principle of the log-periodic an-
tenna structure is that the individual elements are tuned and
spaced with respect to their neighbors according to logarith-
mic scaling factors. In a way, the log-periodic type of antenna
is a one-plane equivalent of a spiral antenna, such as that
used in high-performance space communication systems. In
metropolitan areas, less gain is required, but the directivity
should be high to reduce multi-path reception.

Directional antennas will eliminate type-1 ghosts, but unless
the phase delay is uniform over at least the color-subcarrier
sidebands, tvpe-2 ghosts could be caused by the antenna. This
will be covered in more detail when the elimination of type-2
ghosts is discussed.

Many hemes having a color-TV set also contain a black-and-
white set, and often an FM receiver as well. Operation of all
three receivers from a single antenna is accomplished by
means of antenna couplers or signal splitters. In some in-
stances, usually in the fringe areas, amplifiers are employed.
These devices all contain tuned networks and, therefore, all
present the possibility of an impedance mismatch and type-1
ghost, as well as the chance for unequal phase delay and a
type-2 ghost. While the resistive antenna couplers or signal
splitters can be counted on to have uniform phase delay, most
well-designed devices using LC circuits keep the phase delay
uniform at least over the color-subcarrier sidebands. It should
be pointed out that poor installation itself can cause imped-
ance mismatch and therefore either, or both, of the two types
of ghosts.

Recognizing that transmission lines are often the culprits
in type-1 ghosts, one manufacturer strongly recommends the
use of coaxial transinission lines. 300- to 50-ohm baluns are
available to convert from balanced to unbalanced termina-
tions.

A shielded cable protects against pickup on the transmis-
sion line and is not likely to cause mismatch due to adjacent
grounds, bends, etc. Shielded cable is especially recom-
mended in arcas where the signal is very weak and antenna
preamplifiers are employed, as well as in metropolitan areas
where excessively strong signals cause interference to be
picked up directly by the transmission line.

Elimination of Type-2 Ghosts

A type-2 ghost usually appears as poor color fidelity. It
seems to the viewer that some particular colors are always of
the wrong hue. Referring buack to Figs. 2 and 3, note that the
drop-off in frequency brings with it a non-uniform phase de-
lay. The type-2 ghost is caused by the non-uniform phase de-
lay of the color subcarrier and its sidebands.

As shown in Fig. 3, the sidebands extend to approximately
.7 mc. above and below the color subcarrier in most sets. In-
dividual hues are specified by the phase difference between
the reference burst (3.58 mc.) and the actual phase of the
color subcarrier at any given instant. Fig. 4A shows, in vector-
diagram form, the phase relationships of the reference burst,
the red, blue, and green color difference signals, and the in-
ternal reference signals X and Z.

ELECTRONICS WORLD

www americanradiohistorv com


www.americanradiohistory.com

Earlier color receivers used the I and Q vectors, but most re-
cent models use the X and Z vectors as illustrated in Fig. 4A.
In a properly operating color demodulator, the X and Z
vectors are 62.1 degrees apart. To produce a given shade of
magenta, a certain amplitude negative X and negative Z
vectors are decoded and, by vector addition, provide the
magenta color on the screen as illustrated in Fig. 4B. If the
phase of the X and Z vectors were shifted with respect to the
reference burst, the resulting color would also be different.
Fig. 4C shows the cffect of an uneven phase shift. The — X
veetor is shifted by 10° while the —Z vector is shifted by
15°, resulting in an entirely different shade, a bluish-purple.

If the X and Z vectors were both phase-shifted by the same
amount, adjustment of the hue control on the front of the TV
receiver would produce correct colors. With the condition
shown in Fig. 4C, however, it is possible to bring either the
Z or X vector into its correct position with respect to the ref-
erence burst, but never both. Although a type-2 ghost can
affect all colors, it will appear as though only certain distinet
tones are “off color™ while the rest are tolerably correct. This is
due to the color-sensitivity characteristic of the human eve.
The viewer’s tendency will be to set the hue control for the
best flesh tones, regardless of how unnatural the scenery may
look. This is unavoidable since the viewer has no way of com-
paring colors during a color-TV telecast.

The teclmician can verify the type-2 ghost by connecting a
color-bar generator to the TV receiver itself. With proper ad-
justment of the receiver and application of the signal directly
to the receiver antenna terminal, all colors should be correct.
If an antenna coupler is suspected, the output of the color-bar
generator should be conmected to the antenna input terminals
of the coupler. A wrong color bar would now indicate the
origin of the type-2 ghost to be in the coupler.

To check the antenna and transmission line. the color-bar
signal can be radiated from a simple antenna into the color-TV
reception antenna. This procednre may not always be prac-
tical, and therefore we are dependent on the signals received
from a TV station. One useful reference in such a situation is
to know the exact colors of a station sign or test pattern of
some kind. The famous NBC peacock serves such a purpose,
but the technician will have to time his diagnosis to catclu it
during the short time before each color program. Many sta-
tions transmit color-test patterns during non-broadcast hours.

Even without definite evidence pointing to the antenna and
transmission line, a brief inspection of this installation should
alwavs be made. 1t is a safe bet that a narrow-hand antenna,
corroded and in place for a long time, will cause trouble in
color-TV reception. Good color antennas should have a fre-
quency response so that the change in amplitude is very grad-
ual over a range of not more than 2 db over as many as six
channels. Within any given channel, the amplitude response
should be flat within one db, meaning that for a portion of the
color-carrier sidebands, the flatness is better than 0.2 db. This,
in turn, means a relatively uniform phase delay.

Where couplers, signal splitters, or amplifiers are used, it is
important to know the bandpass response quite accurately.
One very good color coupler is guaranteed to have a +0.25-db
flat response within any 6-mc. band. Another indication of
phase delay is the vasaver, In the case of one good color coup-
ler, this is 1.15:1 for the input and 1.4:1 for the output, ab-
solute maximum. Since theoretical perfection would require
only a vs.awr, of 1.1:1, the over-all performance of color
couplers is sufficiently good to minimize the chance of any
type-2 ghosts. The reader should be cautioned against using
older versions of couplers and signal splitters which were in-
tended for black-and-white use.

Having chosen the best antenna, transmission line, and
coupler available, it still happens occasionally that tvpe-2
ghosts persist. When the color-TV receiver is properly aligned
for a uniform phase delay over the color-carrier sidebands,
it i