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ELECTRO-VOICE
MODEL

CARDIOID
MICROPHONE

NEW

676

Outperforms them all...or your money back!

(& , In the lust 36 years, Electro-Voice
2. engineers have developed many im-
portant microphone firsts*, but their latest
achievement, the new E-V Model 676, may

well be their most significant contribution.

The goal of 676 design was to overcome
some of the most basic problems in PA, hi-fi
recording, und communications. The result of
this engineering ctfort is a uniquely versatile
dynamic cardioid microphone with the best
field performance of any we have tested. In
short, the 676 does everyihing a little better.

For instance, response is wide, uniform,
and smooth in the E-V tradition of natural
sound. But the 676 also allows you to cliange
response. Now you can “‘neutralize” room
reverberation and rumble (usually encountered
in larger rooms). A built-in three-position
switch allows sclection of flat response (for
small rooms or rccording), or bass attenua-
tion “tilted off” from about 800 cps, with
rcsponse down cither 5 db or 10 db at 100 cps.

This means you get higher average sound
levels, better intelligibility, and less likelihood
of feedback. Yet there is no “missing bass”
effect, common with most tone controls or

filters, because of the flat-slope characteristic
of the 676 bass tilt-off.

The cardioid pattern and response super-
lority of the 676 results from a creative varia-
tion of the fumed E-V Variable-D” principle,
calted Conzinuously Variable-D (CV-D). It
reduces size and weight without compromis-
ing quality, and it’s responsible for reducing
wind noise and shock noise pickup far below
that of any other small cardioid. Bass-boost-
ing “‘proximity cftect™ is gone, 100, to give you
well-balanced sound, e¢ven when performers
work ultra-close.

Basis of the CV-DT design is a slotted tube,
coupled to the back of the 676 diaphragm.
The CV-D tube appears to vary in length—
acoustically (and automatically)—so that low
tones “'see” a long tube, while high tones
“see’” a short tube. The apparent length of the
tube is always just right to phase out sound
arriving at the back—for maximum front-to-
back cancellation.

Modern styling by noted designer Lute
Wassman adds grace and beauty to 676 prac-
ticality. The ore-inch case fits all present E-V
slip-on stand mounts, and its balanced weight

*Some of the E-V microphone firsts include: The Ditferential, Mechanophase, Variable-D %, Cardiline and Sound
Spot®, plus slim dynamic and lavalier microphone designs, Acoustalloy* and Acoustifoam. And the E-V Model 642

has earned the first Academy Award microphone citation in 22 years, for its contribution to motion picture sound,
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distribution is just right for hand-held use.

But there’s more to the 676 than just new
features—built into it are the many
teristics that make E-V the choice of more
professional sound engineers than any other
brand: high output level, exclusive E-V
Acoustalloy® diaphragm, dual impedance
selection, efficient dust and magnetic filters,
and the most important ingredients of all—
fine materials and quality workmanship.

Accept our invitation to try the 676 soon—
and the more ditficult the job, the better. We
guarantee you'll tind the 676 will outperform
any other PA cardioid microphone you are
now using ... or your money back!

Model 676—-5100.00 list (less normal trade
discounts). Complete specifications available
at your E-V sound specialist’s or write to:
ELECTRO-VOICE, INC., Dept. 142N,
Buchanan, Michigan.

SETTING NEW STANDARDS IN SOUND
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 WHAT HAPPENS TO TRANSISTORS IN THE VAN ALLEN
BELT? HOW ARE VACUUM TUBLS USED IN SPACE? WHY
. CANT REGULAR LUBRICANTS BE USED ON MOVING
- PARTS IN A SPACECRAFT? TO WHAT EXTENT HAS THE
4 SPACE EFFORT CHANGED RELIABILITY STANDARDS?
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with your choice of these specialties

CREI SPACE DATA SYSTEMS inciudes analog and

ANNO I |\| CES digital computers, information theory, data acquisition

and processing.

A UNIQUE SPACE TRACKING SYSTEMS inctudes

microelectronics, space propagation, masers, lasers,

HOME STUDY IR

PROGRAM IN AND CONTROL Includes inertial navigation,
space radar, star tracker systems, tracking networks.
SPACE . The first educational program developed specifically to
help electronics men apply their experience to the space
ELECTRONIC ps
. Content of program developed to meet employment re-

quirements as determined by consulting government and
ENGWEERIN private organizations in the space field.

‘ . Text material prepared with the help of engineers and
scientists holding key positions in leading space-oriented

organizations. (Names on request.) You study exactly the
material technical organizations in the space effort want

their employees to know.

YOU ARE ELIGIBLE FOR THIS PROGRAM
IF YOU WORK IN ELECTRONICS AND HAVE A
HIGH SCHOOL EDUCATION.

FREE BOOK GIVES FULL INFORMATION. TEAR OUT
AND MAIL POSTPAID CARD or write CREI,

Department 1101-B, 3224 Sixteenth Street, N. W.,
Washington 10, D. C.

The Capitol Radio Engineering Institute
Founded 1927 Accredited Member of the National Home Study Council

Dept. 1101-B, 3224 Sixteenth St., N. W.
Washington 10, D. C.

ELECTRONICS

Please send me FREE book describing CRElI Home Study
Programs including new Program in Space Electronics. | am
employed in electronics and have a high school education.

Name _ B _Age.
Address. . =

City o o Zone State
Employed by : S —

Type of present work — = ;
Check: [J Home Study [ Residence School [] G.l. Bill

www.americanradiohistorv.com
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FIRST CLASS
Permit No. 283-R
Washington, D. C.

/r The Capitol Radio Engineering Institute

\\\\\\

f 3224 Sixteenth Street, N.W.
| Washington 10, D. C.
[
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NOW CREI

OFFERS
SPECIALIZED
EDUCATION
IN EVERY
IMPORTANT
AREA OF
ELECTRONICS

SPACE DATA SYSTEMS (NEW)

SPACECRAFT GUIDANCE
AND CONTROL (NEW)

COMMUNICATIONS

AERONAUTICAL AND
NAVIGATIONAL

TELEVISION
AUTOMATION AND INDUSTRIAL
NUCLEAR

SERVOMECHANISMS
AND COMPUTERS

FREE BOOK GIVES COMPLETE INFORMATION
ON CRElI HOME STUDY PROGRAMS
INCLUDING NEW PROGRAMS IN SPACE
ELECTRONICS. TEAR OUT AND MAIL
POSTPAID CARD FOR YOUR COPY TODAY.
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originators of scratch-proof high fidelity tone arms
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GREATER RECORD AND NEEDLE PROTECTION . ..
FINER RECORD REPRODUCTION

Now, owners of Garrard Laboratorv® Type “A” and AT-6 and
Miracord Mndel 10 and Model 10H Automatic Turntables can
assure themselves unprecedented and unparalleled record and
needle protection, and highest sound quality simply by plugging
in the Shure Stereo Dynetic GARD-A-MATIC ““floating” car-
tridge assembly. Nothing else to buv . . . no wiring, no soldering,
just plug in.

Ingenious GARD-A-MATIC cartridge inside a special tone-arm
shell ends scratching due to dropping the tone arm or acci-
dentally dragging it across the grooves . . . records stay new,
sound new. Needles last longer—can’t be damaged by pressing
arm on record. Does away with tone arm “bounce” from floor
vibrations, etc. Even plays warped records. And, the perform-
ance characteristics are those of the famed Shure Stereo
Dynetic cartridges.

SGRATGH-PROOF
CARTRIDGE
ASSEMBLY FOR
GARRARD

AND MIRACORD
OWNERS

Attention music lovers and felinophiles; interesting tc note that both cat and cartridge have retractile styli for gentleness and protection from scratching

SPECIFICATIONS

From 20 to 20,000 cps

6 millivolts per channel

more than 22.5 db at 1000 cps
47,000 ohms

Frequency Responses:

Output Voltage:

Channel Separation;
Recommended Load impedance:

Compliance: 20.0 x 10-6 cm per dyne
Tracking: 1.5 t0 3.0 grams
Inductance: 600 millihenries

D. C. Resistance: 750 ohms

Stylus: .0007" diamond

Stylus Replacement: N99

MODEL M99/ A. Fits Garrard Laboratory® model “A". Includes tone arm
head, factory mounted cartridge, .0007” diamond. MODEL M93/AT6. Fits
Garrard AT-6. Includes tone arm head, factory mounted cartridge, .0007"
diamond. Model M93/M10. Fits Miracord Models 10 or 10H. Includes tone
arm head, factory mounted cartridge, .0007” diamond. MODEL N99. Re-
placement stylus assembly, .0007" diamond.

Stereo@D yuetis” @ @MB@O [QOM @\W

Patented and Patents Pending

CARTRIDGE ASSEMBLY
WRITE FOR DETAILS TO: SHURE BROTHERS, INC., 222 HARTREY AVE., EVANSTON, ILLINOIS
Manufactured under one or more of the following U.S. Patents: 3,055,988; 3.077,521: 3.077,522; D193,006; D193,934; other patents aending.

January, 1964
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MALLORY

Tips for Technicians

Mallory Distributor Products Company
P.O. Box 1558. Indianapolis 6, Indiana
a division of P. R. Mallory & Co. Inc.

Choosing and using audio attenuators

Ever notice that a hi-fi rig sounds best about mid-range
on the level (volume) control? Man, those drums, fifes,
bugles and train whistles sound GREAT! But, oh,
those grouchy neighbors. Somehow they fail to appre-
ciate three or four solid hours of this “‘pure’”’ sound.

Fear not! There’s a simple way to keep true hi-fi sound
as well as your neighbors. All you need is an audio
attenuator (a fancy name for audio control). There

are two basic types of audio attenuators: T pads and
L pads.

If yours is the ultimate in hi-fi rigs you need a T pad.
It maintains a constant impedance between the ampli-
fier and the speaker. You simply turn the amplifier up
to optimum performance (somewhere around mid-
range) (pretty doggone loud) and control listening level
with the T pad. The “fi"” is very “hi”’ but the level is
reasonable and so are the neighbors.

Not all of us can afford the “‘ultimate’’. Budgets being
what they are, we make a few compromises. Not that
our hi-fi doesn’t sound great—it does. It's just that it
won’t break the picture window. We may be able to
get by with an L pad. This presents a constant impe-
dance only to the amplifier. Strangely enough, an L
pad often seems to smprove the performance of an
inexpensive speaker. Try it—you’ll see!

If you have stereo, try an LL pad. That’s a pair of L

pads with a common shaft. You can balance your rig

AMP i SPKR at the amplifiers and control level at the speakers
T PAD with only one knob.

‘t/\r" How about money? Mallory T, L, and LL pads will

M handle an “ear-busting” 15 watts of audio power! But

if yours is the usual 10 watt system you’ll need only
an RT or RL pad...same extreme quality—only
SPKR smaller and more economical.

AMP A 1

5| [<
Pal

Speaking of economy, try the new Mallory RR 50
Stereo Control. It does a terrific job on most popular
g |’ % stereo outfits. Just what you need for the recreation

AMP SPKR room or patio.

,’ The whole point of this *“‘tip”’ is to let you know that

| your Mallory Distributor has exactly the audio
ﬂ%

!

attenuator you need. All kinds of values and several

]K SPRK price ranges. He’s your “‘one stop’ source for all of
your electronic requirements. Stop in soon.

6 CIRCLE NO. 143 ON READER SERVICE PAGE ELECTRONICS WORLD

AMP

WWWwW americanradiohistorv com


www.americanradiohistory.com

Electromes World CONTENTS

25 Automatic Electronic Testing
Auwtomation has come to the field of testing and troubleshooting, especially for
electronic systems that are too sophisticated for rapid, uecitrute human check-
ing. Components, semiconductors, and tibes ure also tested wutomatically.

29 CB Range Nomogram Gene Karlin

30 Recent Developments in Electronics

32 New Citizens Band Circuits  Len Buckwalter

34 Unique Color-TV Tubes & Systems leslie Solomon
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matching? What about motional feedback and integrated umplifier-loudspeakers?

45 Transistors vs Tubes for Hi-Fi  Fred L Mergner
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Sencore CG126 Color-Bar Generator
B & K Model 360 V.OM.

Panco Resistance Calibrator
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Reader Service Page........ 15 New Products . ............ 92
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UNIQUE DISPLAY TUBES for COLOR TV
b |
e easii | ¥ |

5 i
¥

OUR COVER shows three
different approaches to the
problem of producing a
color TV image. The two-
color, direct-view Thintube
Is an artist’s conception of
a laboratory sample of this
device. The other two tubes
shown are used with projec-
tion systems. To show the
international flavor of color
TV research, the Banana
tube is English, the Harries
tube is from Bermuda, and
the Thintube is American.
Many other color TV ap-
proaches are given in the
article starting on page 34.
.......... (Cover illustra-
tion by Otto E. Markevics.)

Publisher
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Editor
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Technical Editor
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ELECTRONICS
TRAINING

Thousands of men are today in
good jobs or in business for
themselves, thanks to DeVry
Tech training. You too may
learn at home with training
films, real equipment, practical
projects and experiments, mod-
ern texts. Or, you may prepare
full-time or part-time at one of
our big modern laboratories.
Your life can take on new and
brighter meaning. Find out how!

Effective Employment Service

Once you finish your DeVry
training we help you get started
in the electronics field. Our
employment service is always
available. If you are 17-55, get
full information now.

DeVry Tech

The School that Stands
Behind the Men it Trains!

SEND FOR FREE BOOKLETS

DeVRY TECHNICAL INSTITUTE 2092 |}
4141 Belmont Ave., Chicago 41, Ill.,Dept, EW-1-4

Please give me your two FREE booklets, ‘‘Pocket
Guide to Real Earnings'' and ‘“Electronics in Space

Travel.” Also, include details on how to prepare
for a career in one or more branches of Electronics. }
Age l
(Please Print) 1
Street
City Zone State

[J Check here if you are under 16 years of age.

Canadian residents: Write DeVry Tech of Canada, Ltd,
970 Lawrence Avenue West, Toronto 19, Ontario

|
I
|
1
| Name.
|
|
i
|
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COMING
NEXT
MONTH

ADVANCES IN ULTRASONICS

This first article in a two-part series
by Cyrus Glickstein describes some of
the many applications for ultrasonics.
Industrial, medical, military, and experi-
mental use of this technique has ex-
panded steadily since World War 1.

THE INTEGRATED AMPLIFIER-SPEAKER

Although the concept of designing an
amplifier for a specific speaker is not
new, package radio-phono makers have
been doing it for years, it is new in the
hi-fi field. Ken Gilmore advances the rea-
sons why such a concept is suited to hi-fi
applications and how such units are de-
signed.

MODULATION CIRCUITS

FOR SOLID-STATE CB TRANSMITTERS

A description of novel linearized base-
modulation and double-modulation cir-
cuits which eliminate excessive current
drain, high distortion, large weight and
size of conventional types of CB modu-
lating circuits.

CONSTRUCT A MILLIWATT METER

Good to 500 me., the milliwatt meter de-
scribed in this article measures power
from less than 1 muw. to 300 mw. The au-
thor also provides details on designing an
attenuator network. A useful device for

Electronics World

hams and experimenters who design and
build their own transistor circuits.

STATE-POLICE MICROWAVE

Indiana State Police use an 800-mile,
9-terminal station system for communi-
cations. This entire system is maintained
by only six full-time electronics techni-
ctans who travel close to 4000 miles cach
month to do troubleshooting and routine
servicing. Here’s how it is handled by one
of the pioneers in the use of police micro-
wave.

UNIJUNCTION C.W. MONITOR

John Clearv of General Electric tells how
to construct an r.f.-powered c.w. monitor
using a unijunction transistor. The de-
vice can also be used to mute the receiver
during “key-down” conditions. Only
eight parts are required.

U.H.F. TV CONVERTERS

Converters will be used with millions of
v.h.f.-only TV sets in order to receive
w.h.f. broadcasts. There are several dif-
ferent tvpes of converters available
each with unique features. This article
covers the operation of converters. why
certain circuits were chosen, plus gen-
eral information on frequency conver-
ston and converter design.

All these and many more interesting and informative articles will be yours
in the FEBRUARY issue of ELECTRONICS WORLD ...on sale Jan. 2Ist.
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INDEX to PHOTOFACT!

your handy guide to the world’s finest electronic service data

covers over 56,000 iistings of:

¢ TV Receivers ® Home & Auto Radios
® Phonos & Hi-Fi e Tape Recorders
¢ CB Radios ® Record Changers

Send today for this valuable 68-page guide covering virtually
every model of home-entertainment electronic equipment
produced since 1946! Helps you locate the proper PHOTO-
FACT Folder to quickly solve any service problem in any
model. PHOTOFACT provides everything you need in com-
plete, uniform style for quick, effective repairs: Famous
Standard Notation Schematics packed with the service de-
tails you need; Full Photo Coverage of all chassis views; Com-
plete Replacement Parts Lists; Tube Placement Diagrams;
Alignment Instructions; CircuiTrace® for printed boards;
Disassembly Instructions; Dial Cord Diagrams; Changer and
Recorder “Exploded Views' —plus dozens of other great fea-
tures. Send coupon for your FREE copy of the latest PHOTO-
FACT Index to the service data you need!

Take the Right Step to Time-Saving, Profit-building
Servicing...See your Sams Distributor for details on
an Easy-Buy PHOTOFACT Library and Standing Order
Subscription.

January, 1964
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NOW! INDEX INCLUDES MODELS COVERED IN THE PHOTOFACT
SPECIALIZED SERIES MANUALS...

Lists all models now covered in the

PHOTOFACT Specialized Series: SEND FOR
Transistor Radios, Auto Radios, CB
Radios, and Tape Recorders—ab- FREE

solutely complete!

INDEX
e T T L[ Lo i T e e [ =
I HOWARD W. SAMS & CO., Dept. EWF-1 I
; 4300 W. 62nd St., Indianapolis 6, Indiana |
£

[ [J Send FREE Photofact Index J [
| O Send full information on Easy-Buy Plan and Standing |
| Order Subscription |
| |
| My Distributor is |
: Shop Name I
I Attn.: I
I |
| Address I
|

| City Zone____State |
e E—— —
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NEW 9SIGMA

SERIES
BY JENSEN

7 SUPERB HIGH FIDELITY
LOUDSPEAKERS

The brilliant new Jensen SIGMA Series incorpo-
rates the newest advances in electro-acoustic
design, plus performance and reliability that set
new standards for high fidelity unitary loud-
speakers. Note these outstanding features:

$G-223 REFLEX
HORN COAXIAL 12~
SPEAKER. Jensen’s
finest unitary. A
true 2-way speak-
er with our unique
horn-loaded reflex
tweeter and high-
compliance low-
resonance FLEX-

AIR® woofer,
Net ...... $69.50

y-

i
h

FLEXAIR® suspensions permit improved bass
response even in compact enclosures.

High-energy SYNTOX-6® magnetic structures for
high power capacity and low distortion.

Exclusive design low-crossover tweeters (2,000-
cycle) provide excellent m-f and h-f response.

Separate HF control with all coaxials permits
custom-balancing of treble response.
Carefully formulated cones retain strength and
shape even after long service.

Heavy-duty die-cast frames give rigidity, perma-
nently accurate alignment of moving system.

[l [m O] (O] @] [»]

lensen's full-time research and development program
has consistently produced significant advances in loud-
speaker design. Recent developments have dictated
numerous changes in the construction of loudspeakers
to take advantage of new performance possibilities.
The 7 speakers in the new SIGMA Series incorporate all
of those refinements and changes which have been
proven effective. The SIGMA Series represents the
first completely new loudspeaker group redesign in
the industry in a number of years. It makes available
a comprehensive range of types most often requested
for unitary requirements at reasonable prices.

, «

SG-80Dual Cone
8-Inch Flexair®
Speaker.

Net ....$16.50

c.:-.

$G-210 3-Ele-
ment Flexair®

Coanal
..$31.50

10

Argentina:
Mexico:

$G-84 3-Element
8-Inch Flexair®
Coaxial.

t ....$24.50

‘

s

'@(

ﬁ,r\
S$G-220 Compres-
sion-Horn 12-in.
Flexair® Coax.
Net ....$49.50

5G-88 Compres-
sion-Horn 8:Inch
Flexair@ Coax-
jal. Net.$36.50

I“(g;

$G-222 Multi-
cell Horn 12-
Inch Coaxial.

Net ....$59.50

For complete information
on SIGMA Series speakers

write for Catalog 165-J.

JENSEN MANUFACTURING COMPANY

Division of THE MUTER COMPANY

6601 S. Laramie Ave.,

Fapartel, S. A,

Chicago 38, Illinois

Canada: Radio Speakers of Canada, Ltd.. Toronto
UCDA, s. A,
m Naucalpan, Mex,
CIRCLE NO. 118 ON READER SERVICE PAGE

Buenos Aires

R & D AND UNEMPLOYMENT

VER $20-billion will be spent this
year on research and development
in this country, and one can present
many good arguments that this is insuf-
ficient. Certainly the strongest argument
is that the Government pays for about %
of all R & D and directs at least half of
this towards our space program.

We need new ideas, new industries
now—not tomorrow—if we hope to halt
our ever-increasing unemployment. Our
pre-war industries will not help since
they need fewer emplovees as time goes
on, in view of new competitive products
and the increasing use of automation to
take over a greater number of functions.

Imagine what our employment situa-
tion would have been like today if R & D
funds had not developed such post-war
innovations as television, jet airliners,
new plastics, new drugs, and certainly an
array of other products, including many
new electronic systems. R & D is the
only answer since new ideas must first
appear in embryonic form in our re-
search laboratories.

An ideal example is the development
of the laser, which, no doubt, will be one
of the greatest inventions of our decade.

A recent report from Tufts—New Eng-
land Medical Center reflects some highly
optimistic results obtained so fur in the
treatment of human cancer, transplanted
in laboratory animals, by the use of lasar
light energy.

Fourteen thyroidal carcinoma tumors
were laser-treated. The malignant tu-
mors disappeared completely in 13 of
the 14 treated animals from 5 to 29 days
following exposure to laser energy. The
14th died after 26 days from causes not
connected with the treatment. A biopsy
of this animal showed the tumor had
been reduced by 90 percent. The suc-
cessful results in all treated animals were
verified by both visual and microscopic
~xamination.

Eighteen malignant tumors arising on
the skin and glands were treated; 17
more were controls. In the laser-treated
group, 13 recovered completely in a pe-
riod varying from 15 to 29 days follow-
ing treatment. Seven of the treated
animals retained for long-term study re-
mained grossly free of tumor at periods
ranging from 120 to 215 days. In all con-
trol tumors, the cancers continued to

grow. In the 2 control animals retained
!
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for long-term study, the tumors were still
viable at the end of 7 months. Distinct
stages in the improvement of the treated
animals could be noticed among all the
reported cancers.

The lasers used in these experiments
were various Raytheon-developed ruby-
red solid-state pu]sing devices ranging
in output from % to 360 joules. Exposure
time of the tumor to the laser light
ranged from % to 3 milliseconds. The
high-powered unit delivers an intensity
of 360,000,000 watts per square foot.

Bear in mind that the work done so
far is only experimental and on animals
—not human beings—and much more re-
search is necessary. Not only are these
results promising, but the laser will even-
tually open a new industry with possibly
hundreds of thousands of employees.

There are many other areas for R & D
in connection with the laser. Its beam is
extremely narrow, as small as 1/2000th
of a degree in some cases. It is intense;
Raytheon’s LHM-4 produces a beam
with an intensity of 500,000,000 watts
per square foot, about 80 times more
powerful than the sun. Pulse radars
using lasers can measure distances over
many miles and be accurate within two
feet; c.w. lasers can have accuracies
within fractions of an inch. A simple
laser beam can carrv 1 billion telephone
conversations or 200,000 television pro-
grams. It can be used for vehicle guid-
ance and control; it will produce a hole
2/10,000ths of an inch or about 300
holes on a pin head; it can weld micro-
miniature circuits.

These are only a few of its many pos-
sibilities, yet for the most part the laser
is still in the laboratory. R & D must find
commercial applications.

Do we need more funds for R & D in
this area? The answer is quite obvious—
that funds are needed now, not tomor-
row! And there are many other similar
programs drifting along in other indus-
tries.

There are other problems, of course,
particularly in retraining our present un-
employed, but yet all other efforts, in-
cluding the planned tax-relief program,
are only temporary solutions. All major
efforts must be directed towards making
available more funds for basic research
in our consumer and industrial areas—
not just in our space program. A
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Do you WISH you
were EMPLOYED in

ELECTRONICS?

F.C.C. License — The Key to Better Jobs

An F.C.C. commercial (not amateur) license is yvour
ticket to higher pay and more interesting employment.
This license is Federal Government evidence of your
qualifications in electronics. Employers are eager to
hire licensed technicians.

Which License for Which Job?

The THIRD CLASS radiotelephone license is of value
primarily in that it qualifies you to take the second class
examination. The scope of authority covered by a third
class license is extremely limited.

The SECOND CLASS radiotelephone license qualifies
you to install, maintain and operate most all radio-tele-
phone equipment except commercial broadcast station
equipment.

The FIRST CLASS radio telephone license qualifies
you to install, maintain and operate every type of radio-
telephone equipment (except amateur) including all
radio and television stations in the United States, its
territories and possessions. This is the highest class of
radiotelephone license available.

Grantham Training Prepares You

The Grantham course covers the required subject
matter completely. Even though it is planned primarily
to lead directly to a first class FCC license, it does this
by TEACHING you electronics. Some of the subjects
covered in detail are: Basic Electricity for Beginners,
Basic Mathematics, Ohm’s and Kirchhoff’s Laws, Alter-

nating Current, Frequency and Wavelength, Inductance, |

Capacitance, Impedance, Resonance, Vacuum Tubes,
Transistors, Basic Principles of Amplification, Classes
of Amplifiers, Oscillators, Power Supplies, AM Trans-
mitters and Receivers, FM Transmitters and Receivers,
Antennas and Transmission lLines, Measuring Instru-
ments, FCC Rules and Regulations, and extensive theory
and mathematical calculations associated with all the
above subjects explained simply and in detail.

Our Warranty

If you should fail the F.C.C. exam after finishing our
course, we give additional training at NO ADDI-
TIONAL COST. Read details in our free bhooklet.

GRANTHAM School of Electronics

FIVE CONVENIENT TRAINING DIVISIONS:

1 GET YOUR FIRST CLASS
A COMMERCIAL

F.C.C. LICENSE

QUICKLY!

Learn by Correspondence or in Resident Classes
Grantham training is offered by correspondence or in
resident classes. Either way, we train you quickly and
thoroughly — teach you a great deal of electronics and
prepare you to pass the F.C.C. examination for a first
class license. Get details now. Mail coupon below.

 THIS 44 PAGE
~ BOOKLET

: FREE!
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This free booklet gives
details of our training
and explains what an
F.C.C. license can do for
your future. Send for
your copy today.

HERE'S PROOF that Grantham students prepare for
F.C.C. examinations in a minimum of time. Here is 2
list of a few of our recent graduates, the class of license
they got, and how long it took them:

License Weeks

Robert J. Maickel, 520 Market St., Havre De Grace, Md. 1st 20
James D. Neidermyer, R.D. 1, Leola, Pa. . . . . Ist 10
Denis Christopherson, 4402 Waite Lane, Madison, Wisc. 1st 12
Guy C Dempsey, 1326 19th St., Washington, D.C. . Ist 12
Charles Bartchy, 1222 S. Park Ave., Canton 8, Ohio . 1st 10
William |. Brink, 12 Meade Ave., Babylon, L.I,, N.Y. . 1st 12
Earl J. Mahoney, Box 296, Newport, Vt. . . . . . lst 12
Hall Btankenship, Route 2, Rockwood, Tenn. . . . . 1st 12
David Kaus, 5218 Canterbury Way S.E., Washington, D.C.  Ist 30
John A. Cork, 3535 N. Utah, Arlington 7, Va. . Ist 12
Charles Deitzel, 342 Walnut St., Columbia, Pa. . Ist 812
Norman Tilley, Jr., 8613 Piney Branch, Silver Sprg, Md. st 30
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s mail in envelope or paste on postal card

Los Angeles , Calif.
1505 N. Western Ave., Los Angeles , Calif., 30027

HO 7-7727 /

To: GRANTHAM SCHOOL OF ELECTRONICS

NATIONAL HEADQUARTERS OFFICE
1505 N. WESTERN AVE., LOS ANGELES, CALIF., 90027

South Gate, Calif.
8320 Long Beach Blvd., South Gate, Calif., 90280

564-3421 /

Please send me your FREE 44 page booklet telling how | can get my
commercial F.C.C. license quickly and can continue into advanced
electronics if 1 wish. | understand there is no obligation and no

Seattie , Wash.
408 Marion Street, Seattle , Wash., 98104

MA 27227 7

salesman will call.

Kansas City , Mo.
3123 Giltham Rd., Kansas City , Mo., 64109

JE1-6320 /

Name Age

(PLEASE PRINT)
Address

Washington, D.C.
821 —19th Street, NW, Washington, D.C., 20006

MAIL COUPON NOW...NO SALESMAN WILL CALL

Januvary, 1964

City

State
| AM INTERESTED IN: [J HOME STUDY [JRESIDENT CLASSES 46A
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powerful
and portable

E
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POWERFUL — 5-watts, 5-channel crystal-
controlled channels, 1009, all-transistor, the
Cadre series of transceivers can be used in
any vehicle,boat or office. They deliver sharp,
clear reception over the greatest transmis-
sion range possible in the 27 mec citizens
band. Five fixed erystal-controlled channels
spell accurate, fast communication contact.
Sensitive dual superheterodyne circuit re-
sponds to weakest signals. Tuned ceramic fil-
ters increase selectivity. Reception is clear,
free of noise—automatic noise limiter defeats
ignition noise; adjustable squelch eliminates
annoying background signals. Extended
range AGC provides uniform audio output.
Solid state circuitry throughout means no
heat problems, no tubes to burn out, ability
to withstand vibration and shock, negligible
current drain, compact size.

Four Cadre § watt, 5-channel models.
CADRE 515—ac/pc unit for use anywhere.

$199.95
CADRE 510-A—ac/pc unit. 23 ¢h. manual
tuning. $219.95

NEW! CADRE 520—bc¢ only with pc power
cord and mounting kit—ideal for mobile and
portable use—operates from 12 volt auto
battery or special battery pack. $187.50
NEW! CADRE 525—for complete field port-
ability. Standard aAc cord permits recharging
of two built-in nickel-cadmium batteries,
telescoping antenna,carrying handle. $269.95
PORTABLE — Power is only a part of the
story with Cadre transceivers. These units
go anywhere — operate anywhere. An op-
tional accessory, (Cadre 500-1 Portable
Pack) adapts Cadre 510, 515 and 520 for
field use. The Portable Pack is a lightweight
case which contains rechargeable battery
supply (two 500-2 nickel-cadmium 6-volt bat-
teries). These units can be used for base or
mobile application as well as in the field.
Cadre 5-watt models in the Portable Pack
weigh less than 9 lbs. Cadre 500-1, $29.95,
Cadre 500-2, $10.95.

For the finest CB transmission anywhere,
rely on Cadre. For literature write:

CADRE 5-WATT ALL TRANSISTOR CB RADIOS

AP — oo = &= INDUSTRIES CORP. 7 COMMERCIAL
PRODUCTS DIVISION ENDICOTT, NEW YORK Canagda:
Tri-Tel Assoc., 81 Sheppard Ave. W., Willowdale, Ont.
Expert: Morhan Export., B'way, N. Y. 13,

CIRCLE NO. 106 ON READER SERVICE PAGE
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LETTERS
FROM OUR
READERS

14-WATT TRANSISTOR AMPLIFIER
To the Editors:

I have received some letters from
readers who have been unable to dupli-
cate the results described in my article
“14-Watt Transistor Hi-Fi Amplifier”
(May, 1963 issue). The schematic as it
appeared in the magazine has no errors.
There have been several amplifiers built
from the magazine that I know about;
they all worked except where the builder
did not follow good transistor techniques.

The problem of thermal runaway can
exist only if the output transistors are
not of the proper collector-to-emitter
breakdown voltage (40 volts or higher)
or if their Icgo is excessive. Many
power transistors have very large Icro
which will cause this thermal instability
the second they are heated. If good
2N441’s are used, they should work sat-
isfactorily. This parameter can, of
course, be tested for before use if the
transistors are of doubtful origin. Of the
more than twenty amplifiers I have built
for customers, I have never had any
problem if the power transistors are
tested for excessive Icgo before use.
A much better transistor type to use is
the Delco 2N553.

A second problem that can cause
trouble is again related to collector-to-
emitter breakdown voltage, not collec-
tor-to-base breakdown voltage, which is
alwavs higher. Even a transistor like the
9N2043, which is listed with a break-
down voltage (collector-to-emitter) of
55 volts starts breaking up at 30 to 40
volts when used as a class-A amplifier.
If the transistor types as specified in the
text and parts list are used and the
check-out procedure mentioned is used,
the amplifier will work.

The d.c. voltages are included in the
schematic. Again, if these are used in
troubleshooting, the trouble caused by
a defective component or incorrect wir-
ing could be found. Also, it is important
to use the 10,000-ohm pot method of
applying the —50 v.d.c., as described in
my article.

Davip F. REHBERGER
Levittown, N. J.
%* ® L]
AIRBORNE FIELD ENGINEERS
To the Editors:

I read with interest your article

“Electronics Field Engineers Around the

www americanradiohistorv com

World” in the September issue of EW.

I am well acquainted with the ex-
ploits of these gentlemen in time of need,
having been assisted by their services
while serving as a navigator-bombardier
in the B-47’s of SAC.

It is with this background that I
noted the center picture at the bottom
of page 43, and the caption “Field en-
gineer boards a B-58 ”. I hope he
wasn’t too disappointed when he found
a B-47 at the top of the ladder, instead
of a B-38. I've logged many two-way
trips and even a one-way trip on those
ladders and alwavs found the view at
the top typical of a B-47—exciting.

My hat is off to these gentlemen,
whose motto seems to be, “It’s not im-
possible, it’ll just take a while.”

Davip P. JEHLIK
Concord, California
® ® L]
NAVAL OBSERVATORY TIME SIGNALS
To the Editors:

I was pleased to note that the August,
1963 issue of ELecTRONICS WORLD Con-
tained an article describing Naval Ob-
servatory time signals. However, the
article contains a number of inaccuracies
and it does not provide the latest infor-
mation on time signals controlled by the
U.S. Naval Observatory.

(1) Page 30, Table 1: NSS frequency
121.95 kc. should be 162 ke.

(2) Page 83, line 2: The accuracy of
the NSS time signal is given as 0.01
second. The accuracy of the NSS time
signal is 0.0001 second, that is 0.1 milli-
second. This is also the accuracy of the
continuous transmissions of time signals
on 18.0 kc. from NBA.

The first paragraph of the article is
interestingly written, but(1) the award
for developing the first practical chro-
nometer was 20,000 pounds, and (2) the
date of construction of the chronometer
was 1759. It happens that this chronom-
eter is now on exhibition at the U. S,
Naval Observatory, through loan from
the British Admiralty.

Capt. T. S. BaskerT, USN
Supt., U.S. Naval Observatory
Washington, D. C.

Thanks to Capt. Baskett for sending
us some recent information on the Naval
Observatory as well as the photos (one
of which is shown here) of John Harri-

ELECTRONICS WORLD
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See Only the Scale You Want...in the Exact Range You Want

just set the range switch

and the correct scale appears
AUTOMATICALLY

in the new K

VOM and VTVM

WITH
BURN-OUT PROOF
METER MOVEMENT

V O MATIC 360
AUTOMATIC VOLT-OHM MILLIAMMETER

Greatly simplifies vour VOM use. Individual full-size scale for each range—and
only one scale visible at any one time, automatically. Once you set the range
switch, it is impossible to read the wrong scale. Reading in the range you want is
amazingly easy—and direct. No reading difficulties, no multiplying, no errors.

Sensitivity 20,000 ohms per volt DC; 5000 ohms per volt AC. Accuracy +3% DC; +5% AC;
(full scale). DC Volts in 6 ranges 0-6000. AC Volts in 6 ranges 0-6000. AF (Output)in 4 ranges
0-300 volts. DC Current in 5 ranges 0-10 amps. Resistance in 4 ranges 0-100 megohms.
Supplemental ranges also provided on external overlay meter scales. Meter protected
against extreme overioad and burn-out. Polarity reversing switch. Automatic ohms-adjust
control. Mirrored scale. Complete with 1%%-volt and 9-volt batteries, test leads,

and easy-viewing stand. Net, $5995

DYNAMATIC 375
AUTOMATIC VACUUM-TUBE VOLTMETER

Once you set the range switch, you automatically see only the scale you
want and read the exact answer directly. Saves time, eliminates calcula-
tion, avoids errors. Individual full-size direct-reading scale for each range.
Simplifies true reading of peak-to-peak voltages of complex wave forms in
video, sync and deflection circuits, pulse circuits, radar systems, etc.
Includes DC current ranges, too.

amATIC
L Comaren

e V!

Accuracy +3% full scale AC and DC. Sensitive 100 micrcampere meter movement.
DC Volts in 7 ranges 0-1500. AC Volts (rms) in 7 ranges 0-1500. AC Volts (peak-to-
peak)in 7 ranges 0-1500. DC Currentin 3 ranges 0-500 ma. Ohmsin 7 ranges 0-1000
megohms. Utilizes single DA-AC ohms probe and anti-parallax mirror. Swivel stand
converts to carry-handle. includes 1Y% volt battery.

Operates on 117 volts 50-60 cycle AC. Net, $8995

Ask Your B&K Distributor BaK _MANUFAC'I’UIHNG €O0.
&K Division of DYNASCAN CORPORATION

for Demonstration, or 1801 W. BELLE PLAINE AVE. * CHICAGO 13, ILL

Write for Catalog AP21-N Canado: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont.
Export: Empire Exporters, 253 Broodway, New York 7, U.S.A.
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Reviewing the Scott LT-111 FM Stereo Tuner Kit, Modern Hi-Fi said:

“...a tuner may worlk better than
my personally wired LT-111 but...
| am perplexed as to how.”

Audio expert, James Goodfriend, in the latest issue of Modern HiFi, reported
that in a difficult reception location he pulled in 21 stations with his LT-111.
“This is the largest number | have logged at this location with any tuner,
regardless of antenna.”

- e ) RO GET,
L

Here are some of the important exclusive technical features that make the LT-111, at
$119.95, the top performer in its price range and second only to the Scott LT-110 re-
gardiess of price.

1. The Scott-pioneered time-switching multiplex section incorporates a buift-in 19 ke
oscillator that assures perfect stereo separation across the entire frequency range.
Separation varies with signai strength when tuners do not include this oscillator.

2. The critical RF front end is supplied assembled and prealigned. The use of high con-
ductivity copper gives higher sensitivity than in any other tuner in this price range.

3. The LT-111, like the most expensive Scott Broadcast-Monitor tuners, employs a wide
band ratio detector for good capture ratio and unmeasurable drift.

4. AGC circuitry instantly adjusts the tuner’s gain according to the strength of the incom-
ing signal. No need to constantly readjust volume control for strong local stations.

5. Unique align-a-scope method (using the tuner’s own indicator tube) assures labora-
tory perfect performance without laboratory test equipment.

6. The Scott LT-111, like all Scott kits, is exceptionally easy to build. Included: full color
assembly manual for exact placement of every part, Part-Charts to prevent using a
wrong component, pre-riveted mechanical parts for greater rigidity, and precut, pre-
stripped wires for easier assembly.

Whether you are an expert kit builder or a novice — the LT-111 is a perfect choice if you
want a sensitive, reliable FM Stereo Tuner at a modest price. only $119.95%
Specifications:

Cross Modulation Rejection 75 db; Usable Sensitivity 3.5 uv; Signal-to-Noise Ratio 50 db; Harmonic
Distortion less than 19; Drift 0.02%; Capture Ratio 6.0 db; Selectivity 32 db; Stereoc Separation 30 db.

*Prices slightly higher west of the Rockies, accessory cases extra.

l H.H. Scott, Inc. |

111 Powdermill Road, Maynard, Massachusetts |

I Rush me the new 1964 Scott Guide to Custom Stereo including |

l information on the LT-111 FM Stereo Tuner Kit. |

|
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nol do justice to the timepicce —Editors.
o % £

NOVEL ELECTROMETER TUBE
To the Editors:

In the most interesting article by C.
E. Atkins on the Tung Sol 781 elec-
trometer tube in vour October, 1963 is-
sue. could there be an error in the value
of the dropping resistor specified for the
7831 tube? If, as indicated in the text,
the tube heater requires 200 ma. at 2.5
volts, its appuarent resistance is 12.5
ohms, and with onlv an 8-ohm resistor
to an S-volt source it would certainly
be subjected to more than 2.5 volts. This
would seem particularly  important in
view of the extreme sensitivity of the
input impedance to small changes in the
heater voltages. Also, where can the 7851
tubes be obtained?

CaarLEs D. GrILKER
Research Associate

Vanderbilt University
Nashville, Tennessee

The value of the dropping resistor
should e 28 ohms instead of 8 ohms as
shown on the circuit diagram. Somehow
or other the 2 in front of the 8 got lost
in printing. Also, the 7851 tubes can be
obtained from any local Tung Sol dis-
(ributor.—Editors.

1 L *

LASER CONSTRUCTION
To the Editors:

Can yvou send me plans so that I can
build a laser? As an alternate, [ would
like details for constructing the circuit
shown in Fig. 3 of the article “Electronic
Anesthesia” in your September issue.

Barry WHITAMORE
Chicago, IHinois

Glad to hear that our articles are of
inferest, but all articles of this type are
designed to inform and not serve as do-
it-yourself  projects. Besides, we  feel
there is much danger in inexperienced
people working with potentially danger-
ous equipment. The laser. for example,
is able to produce severe retinal burns
if the beam is allowed to strike the cye.
In the case of the anesthesia story, we
intentionally omitted all parts values to
discourage just this type of experimen-
tation.—Editors.

ELECTRONICS WORLD
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READER SERVICE PAGE

Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.
Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-

ested.

Additional information on items mentioned in “New Products,” “Hi-Fi
Product Report,” and “Test Equipment Product Report” can also be
obtained by following this same procedure.

PRINT your name and address on the coupon and mail it to:

Your requests for literature will be forwarded to the
manufacturers who will be glad to fill them promptly.

ELECTRONICS WORLD
P.O. BOX 7842
PHILADELPHIA 1, PA.

ELECTRONICS WORLD

P.O. BOX 7842

PHILADELPHIA 1, PA.

TOTAL NUMBER OF REQUESTS B

Please send me additional information concerning the products of the advertisers
whose code numbers | have circled.

100 101 102 103 104 105 106 107 108 109 110 111 112 M3 14 115 116 U7 118 119 _
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 E
140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 g
160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 :
NEW PRODUCTS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 ;
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4] E
42 43 M 45 44 4 i
(Key numbers for advertised products also appear in Advertisers Index)

NAME (PRINT CLEARLY) _

ADDRESS —

Ty ZONE STATE

VOID AFTER JANUARY 31, 1964 1

15

January, 1964
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NEW IDEA

Winegard Introduces An Amazing New
Home TV and Music Outlet System
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-2 2f All this electronic entertainment can go on

simultaneously over a single wire without
interference! That’s the amazing new
AUDIO-PIX system by Winegard.

—_——

N = [}
j ps? ll -

Plug TV set into any AUDIO-PIX
outlet. Run one or more sets simul-
taneously from a single antenr.a.

Run a HI-FI (record player, FM
or AM, or tape recorder) and feed
the sound into the system to be
picked up atany AUDIO-PIX
outlet.)

WWw.americanradiohistorv.com

Plug an FM receiver into the
AUDIO-PIX. The AUDIO-PIX
serves as an FM antenna signal
source, and at the same time aulo-
matically feeds the FM sound back
into the system to the extension
speakers.
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AUDIO=PIX s 1v, 1 or 01

Anywhere Inside or Outside the House Over a Smgle Wire
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AUDIO-FPIX

TV 14 285 OUPES- 30 =M

Audio-Pix comes
beautifully packaged in a
Winegard selling display

carton with built-in <~
carrying handle. 1

AUDIO-PIX is two systems wrapped into one simple, coupler®, 4 AUDIO-PIX outlets and plugs (any num-
inexpensive installation. It is both a TV-FM system ber of additional outlets may be added if desired),
(distributes TV/FM antenna signals) and a HI-FI  special AUDIO-PIX HI-FI extension speaker, a spe-
music system at a price any home owner can afford. No cial AUDIO-PIX attachmant for FM or HI-FI sys-
new home is truly modern without AUDIO-PIX. tem, and 100 ft. of lead-in wire. Model APK-360, list

The AUDIO-PIX is a revolutionary new electronic Price $49.95.
entertainment convenience for the home which—
(1) ...feeds TV (Ch. 2-83) and FM antenna sig- Start selling AUDIO-PIX to your customers now.
nals to each AUDIO-PIX outlet. Write for spec sheets or ask your distribufor.

(2)...feeds sound from a HI-FI (record player, v, ‘ re
FM and tape recorder) to the same @‘ ” ld
AUDIO-PIX outlets. ‘i' A. me.qa
The complete Winegard AUDIO-PIX system comes N ANTENNA SYSTEMS
in a kit which contains a special AUDIO-PIX 6-outlet *Pat. Pend. 3003-1 Kirkwood, Burlington, lowa

CIRCLE NO. 142 ON READER SERVICE FAGE
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HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK L.BS
Harman-Kardon CA-65 P.A. Amplifier
Electro-Voice 717 Microphone

Harman-Kardon CA-65 P.A. Amplifier

For copy of manufaciurer’s brochure, circle No. 43 on coupon (page 15).

UBLIC-address amplifiers, like those

used in home-music systems, must
satisfy many types of users with widely
differing requirements. Such p.a. instal-
lations may vary in complexity from
simple background-music systems with
only a single input and one or two
speakers for small restaurants, to elab-
orate multi-speaker systems with several
inputs for microphones, as well as sepa-
rate inputs for tuner, phonograph, and
tape recorder.

The Harman-Kardon “Commander”
series of amnplifiers is designed with high
flexibility, so as to be adaptable to both
the simplest and most complex applica-
tions with a maximum use of their capa-
bilities. The “Commander” series in-
cludes several amplifiers of ditferent
power ratings, up to 100 watts. This
report describes the Model CA-65, rated
at 65 watts.

The CA-65 is interesting for its mod-
ular construction, which allows the user,
in effect, to assemble a custom amplifier
to suit his particular requirenients. The
basic amplifier is a 65-watt unit, with
two microphone and two high-level in-
puts. It uses a pair of 8417 output tubes,
and silicon rectifiers in the power supply.
Each microphone input has its own level
control, and a single control varies the

OO@O@@”&

level of the two high-level inputs and
allows smooth fading between them.
In addition, there is a master gain control
and separate bass and treble tone con-
trols. On the rear apron are the various
input and output connectors, for high-
or low-impedance microphones, speaker
loads {rom 4 to 16 ohms, and a pair of
five-pin sockets with a 77-ohm output
plus the 4-, 8-, and 16-ohm outputs,
and both 23-volt and 70.7-volt balanced
and unbalanced line outputs.

The amplifier has phono-jack inputs
for high-level signals, and outputs for
feeding a tape recorder either ahead of
the tone controls or after them, or for
bridging more than one amplifier for
increased power capability. If low-in-
pedance microphones are used, plug-in
matching transformers are required. The
sockets for them are already mounted
and wired. Transtormers are available
for microphones with impedances from
30 to 600 ohms.

When a magnetic phono cartridge or
tape head is used for a signal source,
the plug-in Model CPE-3 equalizing pre-
amplifier module is installed. It feeds
one of the “Aux” inputs, and has a
switch to select RIAA, 7k-ips, or 3%-ips
tape playback equalization. When more
than two microphone inputs are re-
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quired, the Model CPR-2 two-channel
microphone amplifier is plugged into
another socket on the chassis. This dn-
plicates the normal input facilities, with
its two level controls appearing on the
front panel, which is already marked for
them. A removable cover plate hides
the holes and markings if the Model
CPR-2 is not used.

An interesting optional feature of the
CA-65 is the “Electronic Precedence
Switching,” Model EPS-1. This is a
plug-in diode switch which is actuated
by the press-to-talk switch of a micro-
phone or any other s.p.s.t. switch which
can be connected to the terminals in
the rear of the amplifier. When the
terminals are connected, all inputs ex-
cept for one microphone are silenced,
so that announcements may be inserted
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at any time without disturbing the other
control settings. When the actuating
switch is opened, the normal program
fades in smoothly.

An 8-position area/speaker switching
assembly, Model SS-8, can be mounted
on the chassis with all its switches ap-
pearing on the front panel in place of
the removable cover plate which is or-
dinarily mounted there. Up to eight
speakers may be independently switched
on or off with the Model SS-8. A rotary
switch on the SS-8 permits any group
of speakers to be programmed, without
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Who can build all this into a 62" deep cabinet?

5” midrange driver
with Butyl-coated
surround and

sealed metal back
12” woofer

with 6-1b.
magnet structure,
2" voice coil,
half-roll

cotton surround,
and 25 cps

free-air resonance 3" cone-fype tweeter
with 2-1b. magnet structure,

hemispherical dome bonded
directly to 1” voice coil,
and sealed metal back

3-way inductive-capacitive

dividing network with 1200 cps

and 2800 cps crossavers, and
continuously variable tweeter control

High-absorbency AcoustiGlas padding

You!

StrataKit, a slightly smaller and even slimmer (534" | city State
deep) 3-way speaker system, costs only $59.50.%* i M

You install Ihf: three derICI'S. wire them to the d1v1dmg FREE! $1.00 VALUE! The Kit

network, put in the padding. complete the assembly of Builder’s Manual, an_illustrated L Jhe
o o o] . . guide to high fidelity kit construc- Hit Builder's
the cabinet—and you are the owner of the most ad- ton, complete with detailed speci- Manual
vanced slim-line speaker system available today, only fications of all Fisher StrataKits. T
612" deep by 25” high by 20" wide. Despite its mod- o

erate dimensions, the Fisher KS-2 StrataKit has virtu- Long Island City 1, New York

ally uniform response from 35 to 20,000 cps and rivals Please send me the free Kit Builder’s Manual. |

the most advanced professional Joudspeakers in clarity, Name |
transient response and over-all *bigness’ of sound. And ‘ |

—it is priced at only $89.50.* The Fisher KS-1 Address |

J

*in sanded but unfinished birch. Also available in unfinished walnut, $94.50. Factory assembled, in finished birch, $114.50; in oiled walnut, $119.50.
**In sanded but unfinished birch. Also available in unfinished walnut, $64.50. Factory assembled, in finished birch, $84.50; in oiled walnut, $89.50. All prices slightly
higher in the Far Wast. Overseas residents write to Fisher Radio International, Inc., Long Island City 1, New York. Canadian residents write to Tri-Tel Associates, Ltd., Willowdale, Ont.
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— first choice
of those who
demand the best!

MODELS

(Priced $425
to $11,091)

89

Modular design gives
Crown the flexibility
to fulfill almost every
recorder need.

Y 700 SERIES — Designed for
the serious audiophile.

2V 800 SERIES — Designed to
please the most critical in
listening or recording.

BX800 SERIES — Designed
especially for broadcast use.

1000 SERIES — Designed for
the ultimate in lab, data and
other professional recording.

1400 SERIES —Designed for
extra-duty lab, data and in-
dustrial use ... 14" reels.

A300 SERIES — Designed
with automatic reversing for
continuous background music
systems.

2 A1300 SERIES —Designed
with automatic reversing for
extra-long continuous play-
back ... 14" reels.

M4S SERIES —Designed for
recording and sound studios.
Duplicates up to 4 copies
from master tape.

B 6 © 0

THE HALLMARK
OF CROWN —
SUPERLATIVE
CRAFTSMANSHIP
THROUGHOUT!

INDIVIDUAL PERFORMANCE
RECORD SUPPLIED
WITH EACH CROWN

WRITE DEPT.

ctl.ﬂ'lm

INTERNATIONAL
1718 Mishawako Rd. #+ Elkhart, Ind.

EW-01,

CIRCLE NO. 107 ON READER SERVICE PAGE
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disturbing their normal operation, so
that turning the switch leaves only the
desired speakers in use. This is conven-
ient for selective paging announcements
where a number of locations are served
by the sume amplifier.

Other optional accessories include a
phono top, with four-speed record
plaver; a cover plate to conceal the
front-panel controls: a  rack-mounting
trav; a carrving case; plug-in level equal-
izers which convert the microphone in-
puts to high-level inputs; and a dust
cover.

Obvionsly, the CA-63 can be adapted
to almost anv public-address require-
ment, including some with rather in-
volved control setups. Apart from its
operating features, the CA-635 proved
to be a conservatively rated, good-qual-
ity wuplifier. It delivered over 70 watts
with the rated 3% distortion at middle
frequencies, with somewhat less power
available below 60 ¢ps and above
10,000 ¢ps. Its frequency response was
flat within = 0.5 db from 20 to 20,000
¢ps. The RIAA phono equalization was
very accurate, but the 7%-ips tape play-

back equalization fell off below 200 cps,
to —9 db at 30 cps.

The harmonic distortion at 1000 ¢ps
was under 0.3% up to 10 watts. reaching
2% at 60 watts output. The IM distortion
had a residual level of about 2%, rising
above 20 watts. This reflects the rednced
power handling ability of the amplifier
at 60 ¢ps and below.

The hum level. referred to rated ont-
put. was — 82 db on high-level inputs,

56 db on phono, and 42 down on
tupe inputs. The high gain of the phono
preamplifier requires only about 3 mil-
livolts to drive the amplifier to a fnll
65-watt output, so it can be used with
high-quality magnetic cartridges which
sometimes have a low output level.

To summarize, the CA-65 is an unu-
sually flexible, high-gquality public ad-
dress amplifier. 1t meets or exceeds
practically all of its performance specifi-
cations which we were able to c¢heck.
The basic unit is listed for $166.13; the
two-channel mike module is $29.38; the
magnetic phono, tape-head module is
$19.00; and the area selector switching
assembly is $23.75. A

Electro-Voice Model 717 Microphone

For copy of manufacturer’s brochure, circle No. 44 on coupon ( page 13).

HE Electro-Voice Model 717 is a
close-talking ceramic microphone de-
signed mainly for communications serv-
ice. It is housed in a mgged, attractive
molded plastic case, which is impact
resistant and designed to feel comfort-
able at almost any temperature when
hand-held.
The Model 717 is a high-impedance,
noise-cancelling microphone with a card

ioid pattern. Sounds from the rear and
sides are rejected by as much as 67%
by admitting them to a port in the rear
of the microphone so that they wrrive
out of phase with the frontal sounds.
Its rated frequency response is 100 to
7000 ¢ps, with the response curve
shaped for high intelligibility.

The mike has a “push-to-talk” button
which shorts the microphone elements
in the “off" position and operates an
external relav circuit in the “on™ posi-
tion, The attached three-wire cable is
a coiled cord, 10 inches long when re-
tracted and about four feet when fully
extended. The microphone is supplied
with a bracket for hauging it on a ve-
hicle dashboard or other surluce when
not in use.

We measured the {requency response
of the unit at a distance of one foot from
a loudspeaker, comparing its output with
that of owr calibrated lab microphone
in the same position. lIts effective re-
sponse appeared to extend from below
50 ¢ps to at least 10,000 cps. There was
a broad mid-range rise, peaking at 1000

(Continued on page 69)
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tereo Review

STEREO TEST RECORD

FOR HOME AND LABORATORY USE
% OF MUSIC RECORDED DIRECTLY ON THE MASTER WITH NO INTERVENING TAPE PROCESS
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Why We Make the Model 211
Available Now

Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.

Realizing this, HiFi STEREQ REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately and completely. just by listening! A record that
would be precise enough for technicians to use in the
laboratory—and versatile enough for you to use in your
home.

The result: the HiFi STEREQ REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be
Made With the Model 211

Freguency response—a direct check of eighteen
/ sections of the frequency spectrum, from 20 to
20,000 cps.
Pickup tracking — the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.

Hum and rumble—foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.

Flutter—a test to check whether your turntable’s
flutter is low, moderate, or high.

Channel balance — two white-noise signals that
allow you to match your system's stereo channels
for level and tonal characteristics.

Separation—an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum—from mid-bass to high treble.

e e

Stereo Spread

ALSO:

Speaker Phasing

Channel ldentification

PLUS SUPER FIDELITY MUSIC!

The non-test side of this record consists of music re-
corded directly on the master disc, without going through
the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

Januvary, 1964

NOW...GET THE FINEST

STEREOD TEST

RE CORD ever produced
for juste o .54. 98

Featuring Tests Never Before Availahle

Outside Of The Laboratory

UNIQUE FEATURES OF HiFi/STEREO REVIEW'S
MODEL 211 STEREO TEST RECORD

« Warhle tones to minimize the distorting effects of room acoustics
when making frequency-response checks.

Warble tones used are recorded to the same level within ©= 1 db from 40 to
20,000 cps, and within == 3 db to 20 cps. For the first time you can measure
the frequency response of o system without an anechoic chamber. The frequency

fimits of each warble are within 5% accuracy.

+ White-noise signals to allow the stereo channels to he matched in
level and in tonal characteristics.

« Four specially designed tests to check distortion in stereo cartridges.

« Open-air recording of moving snare drums to minimize reverberation
when checking stereo spread.

AllTests Can Be Made By Ear

HiFi /STERED REVIEW's Mode! 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. [t's the most complete test
record of its kind—contains the widest range of check-points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!

Note to professionals: The Model 211 can be used as o highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
tolerances-—affording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT—SUPPLY LIMITED

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. Due to the overwhelming demand for this record, only a limited number
are still available thru this magazine. They will be sold by ELECTRONICS WORLD on a
first come, first serve basis. At the low price of $4.98, this is a value you won't want to
miss. Make sure you fill in and mail the coupon together with your check ($4.98 per

record) today.
" FILL IN AND MAIL TODAY!

Stereo Test Record
Electronics World—Dept. SD
One Park Ave., New York 16, N.Y.

Please send me test records at $4.98 each. My check {or money
order) for $.___ is enclosed. | understand that you will pay the postage
and that each record is fully guaranteed. {Orders from outside the U.S.A. add
50c to partially defray postage and handling costs.)

R

Name - :
(Please Print)
Address
City Zone___ State
SORRY—No charges or C.0.D. orders! Ew-14
P oo ot e N ) —— g o o T 0 o [ ST
23
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TUNER SECTION: In the kLit, the two most critical sections
—the front end and the IF strip—are supplied prewired and
pre-aligned; and a high quelity circuit board and pre-aligned
coils are provided for the stereo demodulator circuit. The
IF strip has 4 amplifier-limiter stages and a wideband ratio
detector for perfect limiting and flat frequency response.
Sensitive bar-type electrcn-ray tuning indicator pinpoints
the center of each broadcast channel for lowest distortion,
and also serves as the ste-eo program indicator.

Antenna input: 300 ohms balanced U IHFM usable sensitivity:
3 uv (30 db quieting), 1.5 uv for 20 db quieting O Sensitivity
for phase locking (synchranization) in stereo: 3 uv O Full
limiting sensitivity: 10 uv O |F bandwidth: 280 kc at 6 db
points 0 Ratio detector bandwidth: 1 mc¢ peak-to-peak sep-
aration 1 Audio bandwidt1 at FM detector: flat to 53 kc O
IHFM signal-to-noise ratio: 55 db O IHFM harmonic distor-
tion: 0.6% O Stereo harmonic distortion: less than 1.5% O
IHFM capture ratio: 3 db J Channel separation: 30 db.

AMPLIFIER SECTION: High quality Baxandall bass and
treble controls do not interact or affect loudness, permit
boost or cut at extremes of range without affecting mic-
range. Balance control is infinitely variable, permitting com.-
plete fade of either channel. Blend control is variable from
switch-out, for maximum separation, to full blend. Tape
Monitor switch permits off-the-tape monitoring with the
Eico RP100 Stereo Tape Recorder.

Power: 36 watts IHFM music, 28 watts continuous (total) (I
IM distortion (each channel): 2% at 14 watts, 0.7% at 5 watts,
0.2% at 1 watt 0 Harmonic distortion (each channel): 0.6%
at 10 watts, 40 cps to 10 kc; 0.2% at 1 watt, 30 cps to 20 ke
IHFM power bandwidth at rated continuous power, 1% har-
monic distortion: 30 cps to 20 ke O Frequency response =1
db, 15 cps to 40 kc O Speaker output: 8, 16 ohms O Inputs:
Magnetic phono or adapted ceramic phono, tuner, tape
auxiliary O Sensitivity: 2.3 mv phono, 250 mv others O Noise:
—65 db at 10 mv, mag phono;—80 db others.

New Eico Classic 2536 Stereo FM Receiver@@

3

SLUECTON B ance

BASS T

Now...
every other stereo receiver seems overpriced

Take a superb stereo tuner, guaranteed stable under all condi-
tions, and sensitive enough to give full stereo separation even
on weak, fringe-area signals . ..

Add a virtually distortion-free 36-watt stereo amplifier with re-
markable overload and transient characteristics . ..

Mount them on one chassis—effectively separated for the per-
formance benefits of components plus the convenience of a
single compact unit.. .. Price this combination at $209.95 factory-
wired, and at $154.95 in a new kit pack that makes building a
delightful experience—and what do you have? The Classic 2536
Stereo Receiver, star of the new Eico Classic Series, and a com-
ponent that matches or surpasses the performance of compo-
nents selling at substantially higher prices. How? Simple. It's pure
performance. Stripped of everything but the finest basic circuitry.
Examine the specifications yourself. Compare them with those of
more expensive units. Listen to the 2536—then to higher priced
units. Can you see or hear a difference worth paying for?

If you're interested in building a fine stereo receiver, take a long
look at our new kit pack, too. Note the logical, orderly arrange-
ment of parts. How easily it sets up for work. How easily it closes
down between work sessions—with no lfoose parts to go astray.
Thumb through the 2-color Construction Manual. Ever see such
graphic diagrams? Every step is clear and unmistakable—~and no
diagram shows more than 20 steps. Another thing the diagrams
show you: how simple the wiring is. No tricky frills; no clutter;
no confusion, even around switches and controls. Plenty of space
to work in. And Eico has eliminated the most tedious part by pre-
mounting jacks, sockets, terminal boards, and transformers.

Does any other kit give you more building ease, or assurance of
success than the Eico Classic? See it atyour hi-fi dealer. Optional
Walnut Cabinet WE-73, $19.95, Metal Cover E-12, $7.50.
EIC ELECTRONIC INSTRUMENT CO. INC. m’
131-01 39th Avenue, Flushing, N. Y. 11352 Z
Expori: Roburn Agencies, Inc., 431 Greenwich St., N. Y. 13 ADD 54, IN WEST
Circle No. 109 on Reader Service Page
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AUTOMATIC ELECTRONIC TESTING

By KEN GILMORE

Many electronic systems that are currently being employed in military aircraft and for missile
tracking and guidance are far too sophisticated for human checking and troubleshooting.
Hence, other electronic systems are checking out this equipment and locating troubles
quickly. Components, semiconductors, and tubes are also being tested automatically.

Fig. 1. Simplified diagram of ‘‘RADFAC,”" Republic Aviation's
radiating test facility. In 2-minute test sequence, it checks
a plane’s v.h.f. gear, its IFF, Tacan, ILS, and automatic pilot.
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AND  GLIDE
UHF.  TACAN SLOPE LGCALIZER

A\% QF

PROGRAMMER

LOCALIZER
TRANSMITTER M

GLIDE-SLOPE

TRANSMITTER o o
o
@

TRANSPONDER J AND;
<

coax LESIHCEY z CONTROL
E
SWITCH
TACAN RCVR- s P
TRANSMITTER -

DUMMY TACAN :|
— DECODER-

Loy ENCODER

coax

SWITCH
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TRANSMITTER

January, 1964

pilots taxi out onto the runway, pause before tuke-

off, and press a button on the complex instrument
panel. A uw.h.f. transmitter in the plane sends out a signal
modulated by a 1020-cps tone.

A receiver mounted in an equipment-filled trailer parked
near the runway picks up the signal, responds to the 1020-cps
tone, and starts a tape recorder. One channel of the tape
plavs back a series of complex signals designed to put the
plane’s electronic equipment through a series of performance
tests. From the other channel comes a small, calm, feminine
voice which whispers instructions into the pilot’s ear. As the
automatic tester transmits one performance test after another,
the girl’'s voice tells the pilot what indicutions he should be
getting from the meters and signal lights on his electronic
equipment, and how he should respond. Within two minutes,
the plane’s IFF transponder, u.h.f. receiver, ILS display,
Tacan system, and autopilot are certified operational, and
the pilot takes off.

Using conventional instruments and techniques, a skitled
team of technicians would take at least an hour to accom-
plish the same thing in a pre-flight checkout. But Republic
Aviation’s “RADFAC”—RADiating test FACility—does it all
in minutes, accurately and efficiently. See Fig. 1.

Automatic checkout devices such as “RADFAC” we De-
coming common in today’s complex military, space, and in-

!. T Air Force bases around the world these davs, fighter
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Tacan, ILS, and autopilot through a complete operational
test procedure in two minutes while the plane is waiting to take off. The unit, which has a 2-mile range, is parked near
a runway, Since the test procedures are done by radio, the plane’s complete electronic systems, incdluding antennas, are
checked out. (Right) The trailer houses an automatic ground check-out system for bombing and navigation equipment of the
B-58 jet bomber. Sperry developed the system which can make one automatic measurement every four seconds and complete
bombing-navigation checkout in a few hours. This checkout, involving thousands of measurements, previously took days.

{Left) “D-PAT" uses a digital computer with a test program stored on @ magnetic memory drum. After going through an ex-
tensive automatic testing procedure, the unit fiashes repair instructions on a viewing screen, displaying a picture of the
malfunctioning assembly with a bright red arrow pointing to the part causing the trouble. {Right) A coded Mylar tape is
being inserted into TAPAT {Tape Programmed Automatic Tester). The unit cuts the time and cost of inspection of printed cir-
cuit cards and allows the tests that are made by the system to be monitored readily by means of non-technical personnel.

dustrial electronics systems. Current installations are simply
too big, too complicated, for efficient human checking and
troubleshooting.

Sometimes pyramiding complexity and the laws of proba-
bilitv combine to make manual testing completely imprac-
tical. A modern supersonic bomber—the B-38, for example—
has nearly a million parts in its inconceivably complex com-
munications, navigation, identification, and electronic war-
fare systems. No part is perfect: each has a probability of
failure. The more parts involved in any svstem, the shorter
the average time between svstems failures. Electronic de-
signers calculate such probabilities on a statistical basis to
determine predicted svstems reliability. The resultant figure
is the equipment’s MTBF—Mean Time Between Failures.

With rigorous reliability testing, engineers have managed
to get the MTBF for the clectronic svstems of the B-38 up
to about 10 hours. But manual checkout for the complex
svstem would take davs. Failures, in other words, would
happen faster than thev could be found and corrected manu-
ally. Only with high-speed, automatic testing can such a
system be kept operational for a long enough period of time
to perform its mission properly.

BMEWS Automatic Testing

One of the most striking examples of autoniatic testing now
in operation keeps our Ballistic Missile Early Warning Sys-
tem in operating order. BMEWS is extremelv complex.
Powerful radars in Thule, Greenland; Clear, Alaska; and
Yorkshire, England spread their fun-shaped beams over the

26

North Polar regions to detect any intruder which comes into
view over the top of the world. Computers at each installa-
tion analyvze the radar data and compute speed, bearing,
trajectory, predicted point and time of impact of any missile
which appears. Each station sends its data to a central com-
puting and display system at North American Air Defense
Commund headgnarters in Colorado Springs. Theve, addi-
tional computers correlate signals from all installations and
decide whether targets detected by the radar signal the be-
ginning of an enemy attack or not.

The BMEWS svstem must be in perfect operating condi-
tion at all times. Further, crews must know that all systems
are ready. The sheer complexity of the system rules out
manual checking. To do the job, RCA has designed and built
“CAM”-Checkout and Automatic Monitoring.

“CAM” is set up to perform two functions simultaneously
without interfering with the normal operation of the system.
Fig. 2 shows the over-all plan. The first job—detecting po-
tential and actual malfunctions and isolating them rvapidly
so that technicians can make repairs—is done by the Auto-
matic Monitoring Subsystem. The second—checking out the
entire svstem under actual operating conditions—is the duty
of the Checkout Subsystem.

The Automatic Monitoring Subsystem does the first job by
continuously checking conditions at key points throughout
the svstem. Voltages, r.f. signals, and pulses are compared
with stored standards by a series of comparator circuits. A
certain circuit, for example, might be designed to operate
at 100 volts = 5% The automatic monitoring system thres-

ELECTRONICS WORLD
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hold would then be set at 95 and 105
volts. If the voltage drifts beyond these
limits, the monitoring circuit sounds an
alarm.

Fig. 3 shows the general plan of the
Automatic Monitoring System. When it
spots trouble, a light on the control con-
sole turns from green to vellow and the
alarm sounds. The operator on duty
checks the panel to find out which unit
is giving the trouble signal. He then
selects a special deck of punched cards,
corresponding to the trouble circuit, and
puts them in a card reader at the left of
the control console. The signals gen-
erated by the card reader put the faulty
section through a fast, detailed, auto-
matic check to locate the component
giving the trouble (Fig. 4). The printer
unit begins to chatter, and types out a
list of check points which fall outside the
pre-set tolerance.

This sequential checking capability is
a useful tool for routine maintenance,
too. Periodically, the machine can be set
to print out conditions at every check
point. Values or operating conditions
which change slowly—over weeks or
months—begin to show up even before
tolerance limits are reached, so repairs
can be made Dbefore failure occurs.

To double-check the monitoring sys-
tem—and prove the equipment under
actual conditions—“CAM” provides an-
other completely separate checking sys-
tem: the Checkout Subsyvstem. This is,
in effect, a giant automatic signal tracer.
Heart of the Checkout Subsystem (Fig.
5) is a checkout data processor—a com-
puter which controls the entire process
and analvzes the results to see that they
meet all standards. The Checkout Sub-
svstem does its job by simulating an ac-
tual raid. In operation, a magnetic tape
reader feeds two kinds of signals into
the data processor. The first is fed to a
target simulator which, with the help of
an r.f. target generator, injects signals
into the radar’s receiver which look like
real targets on the radar screen. The
targets are tagged with special markers
so that personnel operating the equip-
ment know that a test is going on. The
radar’s computing system analyzes the
trajectory data, Doppler shift, and other
target information which it derives from
the fulse targets, and decides whether
the targets are planes, satellites, or mis-
siles. If they are missiles, it calculates the
place of origin, point and time of pre-
dicted impact, and other data.

Meanwhile, the second category of
signals fed into the checkout data proc-
essor tells the processor what conclusions
the BMEWS system should reach if ev-
ervthing is in a proper operating condi-
tion, and if the target information is
analyzed accurately. The processor then

SYSTEM
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GENERATOR] _DATA PROCESSOR
SIMULATED
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REMOTE f

AUTOMATIC

MONITORING

AUTOMATIC D
MONITORING ] CONSOLE
SUBSYSTEM =
o —
Fig. 2. “CAM"” keeps our Ballistic Missile Ea'ly Warning System in opera-

tion. The Automatic Monitoring Subsystem contiuously monitors voltages, cur-
rents, frequencies, and other parameters to make sure they remain within pre-
determined tolerances. The Checkout Subsystem oserates as a large signal tracer.
It generates false targets which are processed thrcugh system; then checks output.
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Fig. 3. The automatic monitoring console continuously checks voltages, pulse
rates, and other operating conditions. The monitoring link between the receiver
and the receiver-testing section of the automatic monitoring console is shown
above. Actually, there are links between ail components of the radar prime sys-
tem and the corresponding test circuits of the system’'s monitoring console.

Fig. 4. If the Automatic Monitoring System spots a voltage, current, or other
circuit parameter outside of pre-set tolerances, the operator switches to a se-
quential monitoring mode. He inserts a deck of punched cards into a reader on the
console. These cards, pre-programmed for each individual subsystem, direct the
equipment to make a fast, detailed stage-by-stage test of the defective subsystem.
Results are printed out on a tape so defective component can be located quickly.
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IBM technician is setting up automatic tester that will be used to check company’s high-speed printer. Unit at left

runs the test procedure by simulating instructions a computer would normally give the printer. (Right) Sylvania is using
this automatic tester for checking tubes off the production line. It runs through tests previously performed by 3 men at
twice their speed. The unit checks tubes for shorts, open welds, heater-cathode leakage, plate and screen current, transconductance.

Of course, automatic testing equipment is subject to fail-
ure, too, so special circuits are built into “CAM” so that it
can keep a continuous watch over its own operations.

Built-in Testing Systems

Built-in systems designed to guarantee reliability of critical
electronic systems are coming into wide use. The “Minute-
man” missile, for example, is designed to wait patiently in
its silo for yeurs, if necessary, vet be ready to go at anv time
on 60 seconds’ notice. Responsible for maintaining this state
of readiness is “Minuteman’s” built-in computer.

In the silo, this unit probes the missile’s various systems—
guidance, gyvros, staging, etc.~24 hours a day. If any voltage,
current, frequency, or pulse rate drifts beyond pre-set limits,
the computer signals a control station many miles away. A
pre-recorded tape announces to the duty crew where the
trouble is, and teams of technicians rush out to make repairs.

In addition to its constant monitoring, the computer also
makes detailed measurements periodicallv—to check operat-
ing efficiency and long-term degradation of components. With
the combination of tests, components changing in value are
usually detected and replaced long before they actually fail.
During the checkout procedure, the computer is also pro-
grammed to recalibrate gyros and accelerometers which mav
have drifted slightly since the last check. Once the missile
is fired, the computer switches into its operational mode and
takes over the complete guidance and control of the missile.

Fig. 5. The Checkout Subsystem generates false radar targets and inserts them into
the radar system at the antenna. When the targets have been analyzed by the radar
and its associated processing units, results are fed back to the Checkout Sub-
system data processor for evaluation, Results are printed out by control console.

STIMULUS GENERATION
TO SUIT SYSTEM

Although the demand for the highest attainable degree of
reliability makes automatic testing especially important in
military applications, it is by no means limited to defense
systems. Bell Laboratories’ experimental electronic central
office which was tested in Morris, Tllinois two vears ago, was
programimed to check itself periodically. The controlling com-
puter automatically switched failing modules out of the cir-
cuit and replaced them with spares provided for the purpose.
Then an automatic teletypewriter tapped out the location of
the faulty module so that it could be replaced.

Manufacturing Operations

Although large, complex installations frequently have self-
checking circuits permanently installed to provide continuous
troubleshooting, automatic testing is useful in many other
kinds of operations, too. Manufacturers, for example, are
using automatic machines of many kinds for checking out
subassemblies and printed circuit boards. The Martin Com-
pany’s Orlando Division produces printed-circuit subassem-
blies for “Pershing,” “Bullpup,” and other missiles, Some 1000
cireuit boards, containing up to 100 components each, roll
oft the production line each day. Manual checking took from
14 to 45 minutes per card, depending on the circuit involved.

Company engineers designed and built an automatic tester
which they call “TAPAT” (TApe Programmed Automatic
Tester). Punched Mylar tape feeds anv one of some 35 dif-
ferent test sequences to the tester, depending on the circuit
card being tested. The equipment runs
up to 32 separate tests in less than two
minutes. Another tester periodically
checks “TAPAT” to make sure that it is
operating properly.

Savings in time and effort are fre-

UNOERIIEST quently even more dramatic. The
TARGET f— R . .
PARAMETERS Low- Autonetics Division of North American
fi 2 FREQUENCY . . : R

j R SMDEATED Aviation found that one circuit board
Heamal | > mamcer R.F. TARGET used in an airborne digital computer re-
DATA SIMULATOR GENERATOR P T q
ROCESSOR , quired 270 tests which took an experi-
‘/ e enced man som]e 10 hours. Th1rtly lt)o;tlr(ls
i h ¢ . estin
R e s went into each com'putex, ¢ ting
€ CHECKOUT RESULTS accounted for a considerable part of the

CONTROL SIGNALS \1’ cost of the completed unit.

\ . .
T g Since the board contained so many
CHECKOUT RESULTS o o
PRINTED TAPE GUTPUT ] RADAR circuits, another problem came up. Nor-
T . o
UNDER" mally circuit boards can be tested by
TEST
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connecting test instruments to the input

and output terminals. But more test

points were needed to analyze all of this
(Continued on page 82)
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CB RANGE NOMOGRAM

By GENE KARLIN/Hammariund Mfg. Co.

Simple method of approximating useful Citizens Band
range for various output powers and antenna heights.

HIS nomogram was constructed to give the CB user a

cuide in predicting the range that can he expected from
his equipment. It is intended only as a guide inasmuch as
the actual range cxperienced may be greater or less de-
pending upon local conditions, the efficiency ot the trans-
mitter, the sensitivity of the receiver, and other factors too
numerous to cover here.

Certain assumptions were made which simplify the chart
considerably. The power ontput of the transmitter is assumed
to be three watts. Some CB transmitters may have higher
output but if the power input is held to the five-watt limit,
the output power will not exceed 3% watts except in a very
few special cases. Any transmitter that is used over a number

of chanuels may produce only 2% watts on some chanuels.
This is normal when operating over a frequency range of
several channels without retuning the transmitter. Therelore,
we assumed that the average CB transmitter produces about
3 watts at the antenna terminals.

The signal strength required for the average CB receiver
for good, dependable communications is on the order of 5 uv.
Most receivers will operate at lower signal levels however,
when used in an automobile; the high noise levels, ignition,
ete. will cause considerable loss in sensitivity.

To use the nomogram lay a straightedge from the actual
useful power output of the transmitter to the height of
the buse-station antenna from ground. The distance that will
be covered under average conditions
will be found where the straightedge

crosses the center of the “Range” line.
Some antennas, such as most beams,
exhibit an apparent increase in power
output or gain when compared with a
ground-plane antenna. This guin is
usually expressed in decibels (db).
Where a gain antenna is used, add the
db gain to the transmitter power outpnt.
A Any transmission line causes some loss
of power which must be subtracted from
the trunsmitter power outpnt. l'or in-
stance RG8/U has a 1-db loss per 100
feet while RG38/U has a 1.8-db loss.
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ground. The transmission line consists of
50 feet of RGS/U representing a loss of
5 db. A straightedge laid between the
40-foot point on the antenna height line
and the — 0.3 db point on the power line
crosses the range line at 7.5 miles.

If the antenna is changed to u beam
which has a forward gain of 8 db, nsing
the same height and transmis<“on line,
what will the increase in range be?

The 8-db gain is added to the - 0.5
db from above and produces an ellective
system gain of 7.3 db. A straightedge
laid between 7.5 db and 40 feet shows
an expected range of 11.5 miles.

By changing the antenna from a sim-
ple ground-plane to a beam, the de-
pendable communications range ot the
CB svstem has been extended trom 7.5
miles to 11.5 miles.

In the past few vears much has been
written and discussed about increasing
the power of CB transniitters to extend
the range. In practice the difference be-
tween 3 watts and 3% watts will be so
slight that the average CB nser will not
be able to tell the difference. Improving
the antenna system will produce far
more noticeable resnlts. A
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Electronically Positioned ‘“Mohole’ Platform.
(Above) An artist's conception of Project "Mohole’s”
drill platform and a portion of its unique position-
ing system are shown here. This project’s purpose
is to drill an underwater hole in the earth’s crust
to the Mohorovic Discontinuity. Bottom sonar, sub-
surface sonar, and surface radar units provide rang-
ing signals that are processed by computers on the
platform and used by six electric engines to drive
positioning propellers under the pontoons. The
positioning system is being built by Honeywell. ...
Loran-C Spots Atom Blasts. (Right) Results of a
study made by Sperry have revealed that Loran-C,
a system that uses low-frequency radio signals as
a long-range navigation aid to ships and planes,
can be used to monitor high-altitude atomic tests
on a world-wide basis. The top waveform in the
upper pair shows normal, night-time pattern for
Loran-C sky-wave signal at 7 seconds prior to blast.
The upper waveform in the lower pair was obtained
3 seconds after the atomic blast. Note that the two
lower waveforms in each pair of waveforms, which
are ground-wave signals, remain unaffected.

Scanning Electron Microscope. (Above)
This instrument is said to be the first suc-
cessful scanning electron microscope in
the United States. The device, developed
at Westinghouse Laboratories, “sees’ with
a thin beam of electrons that repeatedly
sweeps across a surface, building up a
picture as it goes. Prime use of the in-
strument has been to study the surface
structure of molecular electronic devices.

p’u?dm-,

www americanradiohistorv com

ELECTRONICS WORLD


www.americanradiohistory.com

Tube With Built-in Circuit. (Below)
The “Circuitron,” a vacuum tube
which employs the integrated circuit
concept and functions reliably when
exposed to nuclear radiation, has
been developed by Sylvania. The de-
vice incorporates active thermionic
components and passive components
in a common envelope. Because
tubes have demonstrated resistance
to high energy and space radiation,
“Circuitrons” are designed as modu-
lar circuits capable of operating sat-
isfactorily in nuclear environments.

January, 1964

Long-Distance Communications Antenna. (Left) A new
antenna that will facilitate long-distance communications
with the U.S. Air Force’s missile-tracking ships has been
designed by ITT Federal Labs. The antenna uses a re-
motely tunable helical loading coil plus top-hat loading.
The fan of wires is a ground plane. Tuning range is 2
to 30 mc. with power-handling capability of over 10 kw.
peak envelope power....Laser Tracking System. (Below)
An experimental optical-frequency tracking system that
tracks laser-illuminated targets is now being tested by
Westinghouse. The transmitter, at left, and receiver, at
center, are being manually aimed at a target. The two
meters that are shown at the lower right corner of the
photograph  indicate the azimuth and elevation errors.

Semi-Automatic Tester. (Above) A National Bureau of Stand-
ards engineer is shown inserting the probe of a semi-auto-
matic tester into the self-test receptacle of a fault-location
test set. This device, developed under Project FIST (Fault Iso-
lation by Semi-Automatic Techniques), determines whether
each module is operating correctly or needs replacement.
No settings are needed and modules can therefore be tested
in any order desired; only “bulb-changing” level of skill is
required. The greatest impact of the troubleshooting system
is expected to be in alleviating the shortage of capable
electronics technicians. Secondary effects will be a higher
level of dependabie operation due to better maintenance,
reduced numbers of technicians to be trained, and the ac-
companying possibility of creating a small elite corps of tech-
nicians, trained in greater depth. The system is now being
developed for use in maintaining a naval radar equipment.
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CITIZENS BA
CIRCUIT

By LEN BUCKWALTER

Description of hybrid tube-transistor rig,
a transceiver with built-in selective call,
and a unit with modified DS B transmission.

NNOVATIONS mark the three CB circuits described

this month. Hallicrafters, in quest of reduced power

drain while preserving full 5-watt r.f. capability, has
come up with a tube and transistor unit that combines the
best features of both devices. Iu the new CB-5 transceiver
there are 18 transistors and three instant-heating tubes in
a circuit that is novel in the field of CB.

The second circuit, found in the Heath GW-42 kit, is in-
dicative of the growing popularity of selective calling. In
this new transceiver, the complete facility is built in and
requiires no external accessories. The third is “Range Gain”
by Regency, a modified form of double-sideband transmis-
sion. It takes a portion of energy normally expended in the
steady radio-frequency carrier and injects it into sidebands,
which is where the actual modulation is borne.

(a) Hallicrafters CB-3 Transceiver

Exceptionally low power drain is achieved in the new
Hallicrafters! CB-5 transceiver, a unit in the maximum 53-watt
r.f. class. The circuit derives its efficiency through a tech-
nique uncommon to CB radio—the instant-heating tube.
Combined with transistors, it reduces power consumption
to a scant 200 ma. for receive and 1.9 amps on transmit.
Thus the CB-5 is equally adaptable to operation us a base,
mobile, or hand-carried portable. The circuit at first glance
is reminiscent of the tube and transistor hybrid of auto radio
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design. The differences, however, are considerable, as shown
in the partial schematic of the CB-5.

To reveal significant circuitry of the unit, only the r.f.
section of the transmitter and power supply is given in the
diagram. (The portion not shown is an all-transistor receiver
of dual-conversion design.) As shown, there are three tubes
in the transmitter, V1, V2, and V3. The first is a crystal-con-
trolled oscillator, the remaining two are parallel-connected
r.f. amplifiers which develop the needed 53-watt input. The
key characteristic of the tubes is their instant-heating ability,
evidenced by directh heated filaments, These tubes remain

Fig. 1. Transistors are combined with quick-heating tubes in the hybrid design employed by Hallicrafters.
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totally dark during receive—only the transistorized receiver
is operative.

When the operator depresses the mike push-to-talk but-
ton, the tubes energize as follows: The coil of the transmit-
reccive relay RY1, pulls all contacts to the down position
for the transmit function. This applies positive batterv volt-
age to the d.c. inverter via contacts 6 and 7. As transistors
Q2 and Q3 begin to oscillate in the inverter section, “B+7
and filament voltages develop in the secondary windings of
the power transformer T'1.

Note especially that the filament windings of T1 (at 10
and 11 on the transformer) have a rectifier-filter network,
It aids the instant-heating action of the tubes by applving
pure d.c. to the filaments. There is no thermal delav, as in
the case of an indirectly heated cathode. \Warm-up time is
negligible and the operator may talk as soon as the push-to-
talk button is depressed.

(b) Heath Built-In Tone Squelch

Included in the G\V-42, a recent transceiver bv Ieath Co.2,
are internal facilities for selective calling and monitoring.
The system is based on audio-tone coding. Switch-selected
from the front panel, one of four available tones may be
chosen by the operator. After depressing a “Call” button,
the transmitted tone opens up only similarly equipped re-
ceivers. A look at the tone-squelch circuitry reveals that most
components function for both call and monitor. The kev
component is a resonant-reed relay whose vibrating elements
are known for excellent selectivity in handling audio signals.

Since the schematic shows various switch positions in
the receive, or monitoring, mode we’ll consider it first. The
tone from a calling nnit appears as an audio voltage at the
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receiver’s detector stage (upper right). It is coupled to
terminal 10 on the “Call Switch.” From there it is impressed
on the grid of V9A where amplification occurs. The second
half of the tube, V9B, is a cuthode-follower to match the
VI9A impedance to that of the resonant-reed relav coil, RL2.
If tone energy is on the correct frequency, a corresponding
reed on the relay proceeds to vibrate. Movement of the reed
transfers pulses of “B+” to a fixed contuct on the relav. IFed
through the “Call Switch”™ (terminals 8 and 7), pulses reach
the grid of relay control tube V10. When they attain suffi-
cient positive potential (by charging C303 and overcoming
tube bias), V10 conducts, energizing relav RL1. Contacts on
the relay close the speaker circuit, the tone signal becomes
audible, and an indicator lamp illuminates.

If the operator does not respond to the call, the circuit
automatically resets itsell to the monitor condition. This is
done by the lowermost contacts on RL1 and the time-con-
stant circuit of R12 and C9. Prior to the call, C9 remains
across the “B+.” But as an incoming tone causes RL1 to
energize, CY transfers its positive charge to the grid of V10,
causing the tube to continue conducting after the tone ceases.
When the capacitor depletes its charge, depending on the
setting of pot R12, V10 drops out the relay and the circuit
is restored to “Monitor,” readv for the next call.

The sequence of events for selective calling begins when
the operator depresses the “Call Switch.” As contacts 11
and 12 close, a transient pulse of voltage derived from “B+"
is applied to the grid of VYA, Amplification and impedance
transformation occur in the manner described carlier for
the monitor function. Transient energy reaches the relay
coil RL2 and the reeds are shocked into vibration. Only the
desired reed, however, is (Continued on page 84)
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UNIQUE COLOR-TV TUBES
& SVSTEms /By LESLIE SOLOMON, Associate Editor
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NZENZENY.

Most color-TV sets use the three-gun, shadow-mask CRT. Here are 11 different approaches
to color reception ranging from a new optical projection device, through a 3-color, transparent
phosphor tube to a thin tube that may eventually lead to a television set on the wall

LMOST without exception, every color-TV set in oper-
ation in the United States uses the shadow-mask tvpe
of color cathode-ray tube. Operation of this type of

tube has been extensively covered over the past few years
and should be familiar to the reader.

However, during the past several years, a number of other
color-TV reception approaches have been made; some good,
some fair, and others doomed from the start. At the present
writing, none of these appears to be in a position to chal-
lenge the shadow-mask tube as far as commercial production
and acceptance are concerned. Most of them are either labo-
ratory curiosities or have just reached the prototype stage.

New approaches to color-TV reception have not been
limited to this country alone. Research laboratories in Eng-
land, Bermuda, and Japan, among others, are still trying to
develop new means of generating low-cost, acceptable color
pictures for the home consumer.

It appears that the major concern of these researchers is
to avoid the use of the three-gun, shadow-mask color tube.
They feel that the tube is mechanically overcomplex in the
sense that the three guns have to be exactly aligned with the
associated shadow mask, that the shadow mask blocks out a
good portion of the electron beam thus reducing brightness,
that heating of the mask due to electron bombardment pro-
duces mechanical distortions that could introduce color errors,
that an excessive number of external electronic circuits and
magnets are required to properly converge this tube, that ex-
ternal magnetic fields play too much of a role necessitating
degaussing, and that generally too much activity must take
place outside of the tube for proper color rendition.

In the search for new approaches, the resultant tubes and
systems have managed to get away from the shadow mask,
but in many cases have only succeeded in replacing one tvpe
of problem with another. In some cases, the new problem
is electrical in that a complex external circuit is required to
operate the “simple” tube, while in other cases, mechanical
considerations involve production or packaging nightmares.

However, some of these tubes and systems appear to be on
the track of something new and it only remains for them to
be manufactured and field tested to learn if they will repre-
sent serious competition for the shadow-mask color tube.

The Thintube

The Kuaiser-Aiken thin cathode-ray tube manufactured by
Video Color Corp., represents a radical change in what a

34

cathode-ray tube should look like. Here, the electron gun is
placed at the corner of a thin glass box rather than behind
the phosphor screen. (See Fig. 1A and front cover).

In operation, the electron gun injects an electron beam
along the bottom of the tube and passes it over a row of hori-
zontal deflection plates. When the potential of one or more
of these plates is lowered below the nominal I-kv. operating
voltage of the electrodes in that primary area, the beam is
deflected upward. It then passes through a transition region
whose lenses control its width and shape in a direction per-
pendicular to the plane of the tube as it is transferred from
the low-voltage, horizontal-deflecting region to the high-
voltage region behind the phosphor.

Once the beam reaches the region behind the phosphor, it
is re-directed by a set of vertical-deflection plates—normally
operating at the same voltage as the phosphor screen. These
plates run horizontally and are stacked one above the other
on the back wall of the tube. When one or more of these de-
flection plates are reduced in voltage, the beam is deflected.
This time, deflection is at right angles to the initial bend,
into the phosphor.

Control of the beam impact point is accomplished by
sequentially varving the voltage on the various deflection
plates. Since all deflection is electrostatic, relatively little
power is required although high voltages are involved.

For linear, well-defined pictures at least two adjacent de-
flection plates must be operated in time overlap—two adjacent
plates must cooperate to bend the beam somewhat like push-
pull amplifiers in an audio amplifier.

Whenever an electron beam goes from a region of one volt-
age to another of differing voltage, focusing or defocusing
forces come into play. Such a change Irom one region to an-
other occurs when the beam passes from horizontal to vertical
deflection regions. The forces in this case tend to focus the
beam strongly in a plane 90° from the phosphor. Uncou-
trolled, the beam would focus before it reached the bottom
of the phosphor screen and diverge widely. The cylindrical
lens transition region keeps the beam from focusing prema-
turely, guiding it from low to high voltage and delivering it
to the region behind the phosphor as a thin ribbon beam with
parallel edges.

The Video Color Corporation of Inglewood, California is
starting production of the Thintube und will soon start pro-
ducing a two-primary-color, two-gun version. At some future
dute, they hope to have a full three-primary-color version in
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operation. Fig. 1B shows how the proposed twa-color version
operates, Basic operation is similar to the monochrome unit
except the color tube will have two guns, one on each side of
a thin glass screen. The screen has one primary color on one
side and another primaryv color on the other. The two guns,
and the deflection svstem, are svnchronized so that beam
landing is identical on both sides of the glass screen. In this
way, color registration is perfect and the beams canmnot strike
the wrong color. They hope to have some two-primary-color,
two-gun Thintubes in production in the near future.

As these tubes have high resolution and high brightness,
have no internal masking or grid structure; are not subject
to normal strav magnetic fields, and are small in size, they
are expected to find favor in certain types of video displays.

Banana Tube

An English entry in the race for a new color tube is the
Banana tube, so called becanse of its shape, the result of
research conducted at the Mullurd Research Laboratories,
London, England.

Working on the premise that other color tubes require
shadow masks, deflecting grids, or other phyvsical elements
inside the tube, and that this contributes to an overcomplex
mechanical arrangement besides making the electron beam
sweep more complex, the Midlurd researchers decided to use
the simplest approach and reduce the tube innards to three
color phosphor stripes (red, green, and blue) and one gun.

As shown in Fig. 2A, the three color phosphors are laid
parallel to each other in long, thin stripes. The single-gun
electron beam is made to start at the far end of the color
stripes, wobble across the three stripes as shown by the dotted
line until it reaches the area closest to the gun, then rapidly
retrace back to the far end. Because such a scan can only
reproduce one line of color information, some means must
be found to produce the vertical sweep for the raster.

Referring to Fig. 2B, three cylindrical
lenses are placed 120° apart on a frame
that swrrounds the Banana tube. The
lens drum rotates about the tube to

used for a mass-produced home receiver. Also, due to high
beam loading of the Banana tube, deterioration of the phos-
phor efficiency takes place more rapidly than is the case with
conventional direct-view tubes.

Apple Tube

This tube is an index-controlled display device that uses
triplets of color phosphors arranged on the tube face in
thin vertical stripes. An indexing phosphor (see Fig. 3), is
used to indicate the instantaneous position of the electron
beam from the one gun. The phosphor triplets consist of al-
ternate red, blue, and green stripes 0.0 1-in. wide, separated
from each neighbor by a 0.01-in. wide black gnard band.

To produce color images, the electron heam is modulated
so that to produce a red light, the beam is turned on when
it crosses the red phosphor, and off when it is passing over
the other phosphors. The same thing happens for green and
blue. The amplitude of the signal is controlled by the cliro-
minance information.

The index signal resulting when the electron beam excites
an index stripe is collected, amplified, and processed by clec-
tronic circuits to keep the signal in register with the color-line
structure on the face of the CRT.

Goodman Tube

Developed and named by David M. Goodman of New
York University, this single-cun tube is quite conventional
looking on the outside. Inside, the tube consists of a single
electron gun, an x-rav-sensitive scintillator, and a unique
phosphor screen. The details are shown in Fig, 4.

The phosphor screen consists of repeating groups of ver-
tical color stripes with one stripe (for example, red) including
an additional special index phosphor that radiates in the in-
visible portion of the spectrum, all deposited on the internal
face of the tube. During scanning, every time the electron
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creating the problem of noise, jitter,
flicker, dust accumulation, and mechan-
ical wear—this system may never be
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Fig. 1. (A} shows the monochrome version of the Thintube while (B} shows the
possible two-color version. Electron gun remains the same size regardless of
size of the screen area. This could lead to a flat picture-on-the-wall TV set.

Fig. 2. (A) The Banana tube generates only one line of color. (B) To make a
raster, a mechanical arrangement rotates three cylindrical lenses around tube.
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beam passes over one of the index stripes, it radiates short
bursts of invisible radiation. These radiated bursts then can
be used to accurately locate the position of the beam along
the target screen. The radiated bursts are picked up by scin-
tillators located near the electron gun. As the x-ravs excite
the scintillator crvstal it emits a burst of light. This light is
passed down a glass light pipe (possibly fiber optics) to the
gating circuit. This burst of light is detected by a multiplier
phototube and converted into a voltage spike.

In operation, the tube functions as follows: At the start
of the raster there is no phosphor excitation. As the electron
beam progresses across the screen, it strikes the first index
phosphor which radiates the index signal that is picked up
by the scintillator, passes down the light pipe, and triggers
the voltage pulse. This pulse opens the red gate and passes
red information to the electron gun for the period of time
that the electron beam is moving across the red phosphor.
Since a finite time clupses between excitation of the special
phosphor and opening of the red gate, a variable delay is
provided so that the red signal is deluyed until the beam
passes over the red phosphor. Both the blue gate and green

ALUMINIZED LAYER
_~—— INDEX PHOSPHOR

BLACK
RED — ELECTRON GUN
GREEN '
6 MC.
sLue ELECTRON BEAM o
OPTICAL
D SCAN NOPTICA]
\
SREEN WINDOW IN C.R.T. WALL
3.58 MC.
e CHROMINANCE MIXER
SIGNAL
PHOTOTUBE
COLOR TRIPLET
CROSSING RATE
APPROX. 6MC.
& MC.
INDEX 3 9.98 MC.
PROCESSOR MIXER FILTER
INDEX SIGNAL IN REGlSTRVJ T
TRIP TRUCTURE
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Fig. 3. In the Apple tube, the output from the filter to the
electron gun is in register with the stripes but controlled
in amplitude and differential phase by chrominance information.

gate receive the detected light/voltage pulses through differ-
ing lengths of time delay. The green phosphor is energized
after the red one so that its gate is delaved for the interval
of time it takes the electron beam to pass over the red phos-
phor. The green gate then opens when the electron beamn
enters the green phosphor. The blue p.osphor is next to be
energized, so its gating pulse is the longest delaved. Like
the green gate, it too onlv opens when the electron beamn
is entering the blue phosphor. ]

Synchronization of the electron beam as it passes across
the phosphor screen during a conventional line scan then
becomes automatic as the gates are opened only by radiation
emitted by the special phosphor as the beam passes over it.
Svnchronization during the flvback period is unnecessary
since the system can operate with a time delay of only 150
nsec.

Although still in the laboratory stage, initial production
plans call for 600-line, 753-footlambert, 21-inch round and
23-inch rectangular versions.

Sunstein System

This svstem is a form of beam indexer that claims to obvi-
ate problems with previouslv known indexing systems.

In an indexing svstem, as the electron beam is scanned,
its location relative to the phosphor stripes is detected by a
beam-perceptior device such as a form of photocell looking
at phosphor line: o a pickup from secondary-emission elec-
trodes. The fundamental problem with beam indexing svs-
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tems is that the derived index signal tends to have errors
from the necessary modulation of the beam bv the picture
information. For example, in a horizontally scanned color
svstem in which. the electron beam is modulated to provide
an ideal solid color field, the beam is brightened at periodic
intervals corresponding to the time at which the beam ar-
rives at the given phosphor lines.

In conventional indexing svstems, the index structure is
laid down at the same periodicity as the color triplet struc-
ture. This leads to the undesirable effect that the time-of-
occurrence of each peak in each index cvcle is influenced by
when the center of the beam passes the center of the index
stripes, as well as by modulation of the beam while it passes
from stripe to stripe. Therefore, the phase of the derived
index signal, which should be totallv independent of beam
current, and dependent only on spot position relative to the
triplet structure, is in lact influenced in substantial measure
by the modulation of the electron beam while portraying
picture content. This index phase error, in turn, causes phase
errors in the reproduced color and can, in principle, even
cause oscillations on the cathode-ray tube face, since the
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Fig. 4. In the Goodman color tube, burst of x-ray radiation
generated as the electron beam passes over certain phosphors
is used to keep the beam synchronized with the color stripes.

color loop is, in reality, a closed loop in the presence of any
such crosstalk between beam modulation and phase of the
derived pickup signal.

The color phosphors used in the Sunstein system are ar-
ranged in vertical stripes across the inside face of the CRT,
and they are covered with a conventional aluminized laver.
A series of vertical index elements ure evenly spaced across
the screen on the gun side of the aluminized layer. These
index elements are made of a phosphor having a short per-
sistence and a secondary emission different from that of the
aliminized layer.

Color contamination by phase error is practically elimin-
ated by spacing the index elements along the scan line so that
the index signal detection circuit has an output frequency
of three-halves or five-halves times the fundamental color-
triplet frequency, for example. When the index signal is
smoothed or averaged over a few cycles, it is substantially
free of contamination, due to cancellation of the error-pro-
ducing tendencies with each alternative color triplet.

Because the derived index signal is at a different frequency
than the triplet frequency, it must be converted to the triplet
frequency before uctually being used to control the grid
modulation in accordance with color information.

The schematic of the circuit used is shown in Fig. 5. The
photoelectric cell detects the index signal and passes it
through a gate to an amplifier tuned to one-half triplet fre-
quency. This signal is passed to a frequency doubler that
generates triplet [requency. The photocell also drives an am-
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plifier at 2.5 times triplet frequency. This signal is limited
and, in conjunction with the output from the .5-times triplet
frequency amplifier, drives the fractional ratio frequency
divider. The output of this circuit is phase locked to the
index signal from the limiter so that anv changes of phase
in the input signal cause corresponding fractional changes
of phase of the output signal. An integral frequency divider
is used, and a harmonic of the final divided frequency is taken
as the smoothed index signal at color triplet frequency. This
is used to control the chrominance and Y-signals fed to the
arid of the CRT, or can be used to control writing speed.

The “Set” terminal receives a synchronization pnlse at the
beginning of each scanuning line, opening the gate circuit.

When the index signal is derived in the above munner, it
has an ambiguitv. When the count-down circnit is first
started, it can start in any one of three or five possible phases
(for three-halves or five-halves svstems), and hence its out-
put would not be suitable for indexing unless special steps
are taken. A non-ambiguous index signal is made available
at the left-hand edge of the picture tube, outside the useful
screen area. This signal is either a fundamental triplet fre-
quency or a submultiple of it and is gated through the fre-
quency dividers at the start of cach horizontal line to provide
initial phasing of the Irequency-divider network. Once
started, the network remains in step.

Chromatron Tube

Besides the shadow-mask tube, the only other color cath-
ode-ray tube that is close to actual production is the three-
gun Chromatron tube, developed by the Chromatic Division
of Paramount Pictures Corp. This tube is an offshoot of the
original one-gun Lawrence tube of many yeurs ago. How-
ever, unlike the older Lawrence tube, this one nses three elec-
tron guns and also does away with the beam-savitching grid
with its associated r.f. power that characterized the older
tube.

The muajor benefit claimed by the designers of this tube
is the fact that this tube hus generated in excess of 300 foot-
lamberts highlight brightness in normal operation. (A typical
shadow-mask CRT develops 30 to 45 footlamberts highlight
brightness.) Such brightness will permit operation in nor-
mally lighted rooms besides producing the apparent increase
in resolution present in any really bright picture.

Although the color phosphors are laid down as a contin-
uing sequence of red-green-blue vertical stripes, a slender
black stripe is laid between each color phosphor to improve
the picture contrast.

Three in-line electron guns are used and. in conjunction
with the second anode grid, are electron-optically directed
to their respective color stripes. The two outer guns have a
slight inward tilt so that the three beams converge as a unit
on the phosphor screen. A conventional color receiver is used
with the chromatic signals passed to the respective electron
guns.

The post-deflection focusing second-anode grid is an wrray
of closely spaced parallel taut wires located about %-inch in
front of the phosphors. This grid is operated with about 6 kv.
difference between it and the electron guns. Approximately
20 kv. is applied between the second-unode and the final-
anode consisting of the Aquadag internal coating and the
phosphor aluminizing coating.

Transylume Tube

The idea of using controlled penetration of a series of phos-
phor lavers to produce color changes in cathode-ray tubes
is rather old. The problem has been to produce good trans-
parent phosphors. Some of the early suggestions for such
tubes did not even recognize that the phosphor lavers must
be transparent, and after this requirement was recognized,
no such films were availuble, Tubes of this tvpe were dis-
played several years ago, but the efficiency and range of
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Fig. 5. In the Sunstein system, a fractional ratio frequency
divider is used to synchronize the electron beam with color
phosphors. Horizontal sync pulse gates system into operation.
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Fig. 6. Typical projection system using Sunflower optics cor-
rection. Each projection tube generates a high-intensity beam
of one color with the multiple beams registered on the screen.

colors were limited and the results were not very startling.

The current renewed interest in such tubes was stimulated
by the work of Dr. Feldman at the U. S, Naval Research
Laboratory. He developed a process which, for the first time,
made it possible to produce bright, highly transparent phos-
phors in a good range of colors. A tube using this process is
the Transylume tube being developed by the Panaura Corp.

Transparent phosphor films are produced by evaporating
powdered phosphors and subsequently baking them on a re-
fractory glass substrate. The films have the saume basic prop-
erties as the phosphor powders, the same emission color, the
same constants, and the sume efficiency. The differences are
entirely optical, arising from the fact that the particles in
the film are very small and therefore absorb, reflect, and
scatter very little light. On this fuct are based the unique
properties of the transparent films, their advantages and
limitations. When an electron heam strikes a conventional
powdered phosphor, the light emitted is scattered among a
number of particles, reflected from an aluminnm backing,
and most of it emerges as a trace considerably broader than
the electron heam. When the beam strikes the transparent
film, however, the light generated is emitted in all directions,
half of it back into the tube, and an additional fraction (at
greater than the critical angle) is trapped in the glass. There-
fore, only a fraction emerges toward the viewer, but in a
trace just as fine as the electron beam. High resolution is
accordinglv a natural advantage of the transparent films. The
ultimate resolution has not been precisely established; 3000
line-pairs has been demonstrated (1000 is the limit with
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powdered phosphors) and spots of 3-micron diameter have
been measured. This is not the limit, but beyond that meas-
urements are verv difficult.

Brightness is reduced by optical losses as previously de-
scribed, but visibility of the trace is better, under most con-
ditions, than with powdered phosphors. Ambient light is
efficiently reflected from a powdered phosphor screen so that
in a well-lighted room, the unlighted background of the
screen is about as bright as the luminescent trace of the elec-
tron beam. With the transparent film, ambient light pene-
trates the screen and is lost in the interior of the tube. Thus,
even though the trace on a transparent screen may be only
a fraction as bright as the trace on a powdered screen with
aluminum Dbacking, the trace on the transparent screen re-
mains easily visible in the brightest light. Neither a six-foot
arc searchlight focused on the tube from six feet awayv or
direct sunlight beaming directly into the tube reduces visibil-
ity appreciably.

Evaporated lilms can be used in any color tube as dots or
stripes in whatever geometrv is required for existing color
tubes with the advantages of resolution and contrast previ-
ously described for single-layer films. More unique, however,
are the variety of new color systems that can be devised based
on tubes in which the screen is composed of multiple layers
of transparent films. The color variation depends on the fuct
that electrons with a particular accelerating voltage all pene-
trate the luminescent films precisely the same distance, and
the depth of penetration varies with voltage by amounts that
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Fig. 7. Two monochrome picture tubes,
each with a color filter, take advantage
of Land effect to make full-color pictures.

correspond to reasonable thicknesses of film. Brightness from
a particular laver of film therefore increases as voltage is in-
creased to penetrate more of the film. As voltage is increased
to the level where electrons penetrate farther than the thick-
ness of a particular film, the light ontput from that filnr drops
off rapidly. Thus at a relatively low voltage, for example
4 kv., the emission is solely from the top laver of film. At a
second voltage, which may be 2 to 4 kv. higher depending
on the thickness of the luminescent films, the emission is
virtuallv the pure spectral emission of the second film. At
intermediate voltages, the emission is an additive mixture of
the two. Thus, if the top layer emits red and the second laver
emits green, at intermediate voltages the color emitted
changes {rom red to orange to yellow to green. By the addi-
tion of a blue-emitting film, the purple, violet, and blue
colors are added in the same way. By use of proper emission
colors of the adjacent films, any color mixture can be pro-
duced. For example, voltages intermediate between a vellow
and blue film will produce white or the proper blue-green
and red film will produce white. Myriads of color combina-
tions mav thus be obtained because films can be produced
in a wide variety ol emission colors including the same phos-
phors widely used in the present shadow-mask tubes.

The intensities of the various traces would normally be
adjusted so that when two beams were superimposed, onc
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would dominate, and the colors would not vary appreciably.
It is also possible to adjust intensities so that the several
colors are additive when superimposed, for example, the
trace would be vellow at the point where green and red
traces crossed, or alternately if u beam producing green and
a beam producing red are kept superimposed, the combined
enission could be changed from red through orange and
vellow to green by changing the intensity of either beam.
In theory, then, a full spectrum of colors can be produced
with three guns which are kept superimposed on three lavers
of film, each of which emits one of the three primary colors.
In practice the difficulty of maintaining perfect registration
at all points on a large tube is a formidable problem.

A simpler way to produce a full spectrum of color is to
modulate the second anode voltage from a single gun. This
variety of color tube also works extremely well and produces
the same sharp traces and vivid colors. The obvious problem
of maintaining the same deflection as the beam voltage
changes is easy to solve. The beam is focused on a fine metal
mesh mounted just back of the screen and voltage modulated
by post acceleration the short distance between the mesh
and the screen. Here again the circuitry is very simple, iden-
tical with a single-color system, but with the addition of a
voltage-modulator synchronized with the color modulation
desired. The limitation of this system is the rate at which
voltage can be modulated over the runge nccessary for a
full spectruin of colors. A small, simple modulator has been
developed which operates well at several hundred kilocvcles.
Modulation at the rate necessary for the
present commercial color-TV signals
does not appear feasible; but the existing
capability appears to be adequate for a
very simple closed-circuit color-TV svs-
tem. A Dlack-und-white closed-cirenit

10 3-GUN
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aweurers|  svstem can be converted to a color sys-
tem by simply adding a three-color op-
tical filter wheel (in {ront of the black-

and-white camera) synchronized with

GATING
CIRCUIT

Fig. 8. Gating circuits synchronize the
portion of color wheel passing in front
of the vidicon with the three-color CRT.

the voltage modulator in the receiver.
Primitive svstems of this kind have been
demonstrated. Neither the optimum se-
ries of phosphor lavers for the tubes nor
the time constants for the modulation
svstem have heen explored in depth. but
verv earlv results along this line have
been most encouraging.

Sunflower Opties

Developed by the Harries Elecironic Corp. Ltd ., of Devon-
shire, Bermuda, the Sunflower svstem is a modified color pro-
jection svstem that uses a new concept in color cathode-ray
tubes combined with a new development in optics,

Many attempts have been made to produce a home color
projection svstem. Here, each color signal (red, green, and
blue) from the receiver is fed to a projection cathode-ray
tube. The three projection tubes, with their associated optics,
are arranged so that they register on the viewing screen. Be-
cause of the mechunical arrangement necessary, usually two
of these projectors are not normal (right angles) to the view-
ing screen. This usually produces kevstone distortion. Also,
because of the large numerical aperture required, pincushion
distortion usually occurs. When the projection systems are
compressed in size for use in a smaller area (such as a table-
top viewer) the viewing screen size is greatly reduced and the
distortions increase.

Some projection systems pre-distort the cathode-ray tube
scanning signals to reduce the keystone distortion. However,
these circuits usually use vacuum tubes or transistors making
them subject to aging, drift, and other misalignment.

Fig. 6 shows one typical projection tube as used in the
Harrics system. Three projection (Continued on page 76)
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NEW FACILITIES for
WWVEB and WWVL

Increased power and range for the National Bureau of

Standards’ highest-accuracy, low-frequency stations.

EW facilities, providing greatly increased power and
range, were dedicated recently for stamdard broad-
cast stations WWVB and WWVL.

These stations, operated by the National Bureau of Stand-
ards Boulder Labs near I't. Collins, Colo., transmit standard
frequencies that are received at greater accuracy than those
of the NBS high-Irequency stations WWV and WAVVIH, This
higher accuracy is required in many satellite and missile pro-
grams and for basic research on atmospheric and ionospheric
phenomena.

Until recently stations WWVB und WWVL have been used
only for experimental low-frequency transmissions. Because
of the success of these broadcasts, new facilities were con-
structed for the two stations and they are being established
on a permanent basis. The stations do not repluce WWV and
WWVH, which are sufficiently accurate for mmany important
applications.

The high-frequency signals from WWY and WWVH are
propagated over long distances by alternate reflections be-
tween the earth and the ionosphere. Because of constant
changes in the ionosphere resulting in changes in the path
of the radio waves, there is a loss of accuracy in the signuls
at the point of reception. To overcome this Himitation, WA\VVB
and WWVL are operated in the low- and very-low-frequency
bands. Their signals follow the curvature of the earth. As the
ionosphere acts as « boundarv and not as u reflector, its variua-
tions have almost no effect on the travel of the waves; thus
the stubility of the received signals is increased. The stubility
of the signuls of all Bureau stations is 2 parts i 100 billion
at the transmitter. Received signal stability is much less.

Fig.

RADIO STANDARDS LABORATORY BOULDER, COLORADO

1. Relationship between the cesium beam frequency standard and the U.S. Work-
ing Frequency Standard at NBS Boulder, and the standard-frequency, time broadcasts.

Station WWVB operates on 60 ke, with a radiated power
of 3 kw. (see Tuble 1). The signal, as received, is some 100
times more stable than that from WAVV and WWVH. This
station serves the continental U.S. and it provides more
stable coverage at distances up to 2000 miles than does its
sister station WWVL,

Station WWVL operates at 20 kc. with a radiated power
of 1 kw. This signal provides intercontinental reception with
a precision of one part in ten hitlion over one duv. Verv long
distance reception is important to international standardiza-
tion activities, military bases, and to NASA (which puwrtly sup-
ported the construction of the verv-low-frequency station).

S wwy WWVH WWVB WWVL
Location Beltsville, Md. | Maui, Hawaii |Ft. Collins, Colorado |
Frequencies 25,5, 10, 15,5, 10, 15 mc. | 60 kc. 20 ke, |
20, 25 mc. i
Services !
Standard Radio Yes Yes Yes Yes |
Frequencies
Time Signals Yes Yes No* | No* )
Standard Audio Yes Yes No No
Frequencies
Standard Musical Yes Yes No No ‘
Pitch i
Radio Propagation Yes Yes No No
Forecasts ‘
~ Geophysical Alerts Yes | Yes No I No
*To be added soon.

Table 1. The major characteristics of the standard stations.

The antenna wrav for cach station
consists of four guved steel towers, ar-
ranged in a diamond 1900 feet long and
750 feet wide. A transmitter building is
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located between the two antennas; a
helix honse, used for resonance tuning,
terminates each antenna.

A high-quality quartz crvstal oscillator
at the site provides stable carvier fre-
quencies for the transmitters. To insure
that the phase of these [requencies
agrees with that of the U.S. Working
Frequency Stundard maintained at NBS
Boulder, a servo loop has been estab-
lished between the site and the Boulder
Laboratories (Fig. 1). The carriev
phases, as received at Boulder, are com-
pared with the standard by meuns of
phase detectors, uny phase difference
resulting in error signals. These error
signals, along with a servo motor refer-

ence phase, modulate a 30-mc. N
telemetering transmitter at Boulder. The

FM signals received at Ft. Collins are
used to correct phase errors. A
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CABLE TV: on the move

By CHARLES S. TEPFER
Cable TV systems are not only used in low-signal

areas, but also offer several channels of TV
signals in areas served by only one or two stations.

‘ ‘ T E are still accustomed to thinking of community an-
tenna television systems (CATV) as confined to
small towns nestled in the midst of mountains,

blocked off from all TV stations. Nothing could be further
from the truth. Today, cable vision svstems, as they are
called by their operators, are spreading to small cities and
large towns, which often have one or two local TV broad-
casting stations,

In some of the newly served areas there are no local sta-
tions, but many inhabitants view one or two channels, more
or less satisfactorily, by using high-gain antenna arrays on
towers. Cable systems promise these towns 5- to 7-channel
TV immediately on hookup, as much choice TV fare as en-
joved by such cities as New York, Chicago, and Los Angeles.

In fact, despite the development of new translators which
help existing broadcasting stations extend their coverage, and
the coming expansion of u.h.f. TV, community antenna SVS-
tems are sprouting like summer flowers after the spring rains.
More and more people are subscribing to systems already
in operation. Teleprompter Corp., operator of 14 CATV sys-
tems, reports a 25% increase in subscribers during the past
vear. Cuirent estimates place the total number of subscribers
for all systems in excess of 700,000.

What is the effect on u community when cable TV comes
in? Community antenna TV obsoletes towers for individual

Service team installs droplines from the main feeder ctable.
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homes; it presents some TV receiver problems and service
headaches; and it stimulates the buying of TV sets and in-
creases the number of viewers.

In Sangerties, N.Y., a medium-size town of 14,000 inhab-
itants spread out along the Hudson River, the Vidi-Com Inc.
community antenna company serves 700 homes. Before the
arrival of the cable system, most of these 700 had antenna
towers to receive chanuel 6 out of Schenectady, fiftv miles
north. Some could get, with considerable snow. channels 2
4, and 5 from New York City, 100 airline miles to the south.
What happened in Saugerties when commuuity antenna tele-
vision came to town in October 1961 could happen in any
area.

In the beginning, most local service dealers were suspi-
cious of the outside company that promised good seven-chan-
nel TV to anyone in Saugerties. To allay service dealers’
hostility, as part of the franchise agreement, the CATV com-
pany promised to neither sell nor service TV receivers. This
cleared the way for local service technicians and dealers to
handle all of the sales and service work that would accrue
from the increased television viewing in the area. At this
point, the CATV company met informally with local TV
dealers, service technicians, and communmity groups and
clubs to acquaint them with what the company planned to
do and how, and what problems could be anticipate