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10 WAYS TO TRAIN AT HOME
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TELEVISION-RADIO SERVICING Learn to fix black-and-white
and color sets, AM-FM radios, stereo hi-fi, etc. A profitable field
for part or full-time business of your own.

INDUSTRIAL AND MILITARY ELECTRONICS Learn Principles,
Practices, Maintenance of Electronic equipment. Covers com-
puters, servos, telemetry, multiplexing, other subjects.

COMPLETE COMMUNICATIONS A comprehensive program cov-
ering broadcasting, mobile, marine, aviation communications.
Learn to operate, maintain transmitting equipment. Prepares
for FCC License.

FCC LICENSE Prepares you quickly for First Class License
exams. Every communications station must have licensed op-
erators. Also valuable for Service Technicians.

MATH FOR ELECTRONICS A short course of carefully prepared
texts going from basic arithmetic to graphs and electronic
formulas. Quick, complete, low in cost.

BASIC ELECTRONICS Abbreviated 26-lesson course covering
Automation-Electronics, TV-Radio language, components, princi-
pies. Ideal for salesmen, hobbyists, others.

ELECTRONICS FOR AUTOMATION For the man with a knowl-
edge of basic Electronics who wants to learn process control,
ultrasonics, telemetering and remote control, electro-mechanical
measurement, other Automation subjects.

AVIATION COMMUNICATIONS For the man who works or
wants to work in and around planes. Covers direction finders,
ranges, markers, loran, shoran, radar, landing system trans-
mitters. Prepares for FCC License.

MARINE COMMUNICATIONS Learn to operate, repair trans-
mitters, direction finders, depth indicators, radar, other Elec-
tronic equipment used on commercial and pleasure craft. A
growing, profitable field. Prepares for FCC License.

MOBILE COMMUNICATIONS Learn to install, operate, main-
tain mobile equipment and associated base stations, as used
by police, fire departments, taxi companies, etc. Prepares for
FCC License.

You must pass FCC exam on completion of any NRI commu-
nications course or your tuition paymerits are refunded in full.
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CHECK AND MAIL
THIS POSTAGE-FREE CARD

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016

Please send me your catalog.
most interest to me. (No salesman will call) Please PRINT.

D TV-Radio Servicing

[ industrial Etectronics

D Complete Communicatidns
[J Fcc License

[ Math for Electronics

Name Age
Address
City State Zip Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
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| have checked the field(s) of

[ Basic Electronics

D Eleetronics for Automation
D Aviation Commur;ications
|:| Marine Communications

D Mobile Communications

S N S S — —— e —— S — A — T S S S W W — — — — —— — S T— — —— ————

GET A FAST START WITH
NRI'S ABSORBING, NEW
ACHIEVEMENT KIT

Delivered to your door—
everything you need to
make a significant start in
the Electronics field of
your choice! This new
starter kit is an outstand-
ing, logical way to intro-
duce you to NRI. What's
in it? Your first group of
lesson texts; a rich vinyl
desk folder to hold your
study material; the indus-
try’'s most complete
Radio-TV Electronics Dic-
tionary; valuable refer-
ence texts; lesson answer
sheets; pre-addressed en-
velopes; pencils; pen;
engineer’s ruler, and even
postage. No other school
has anything like it.

ELECTRONICS COMES
ALIVE WITH CUSTOM
TRAINING KITS

You get your hands on ac-
tual parts and use them to
build, experiment, explore,
discover. NRI pioneered
and perfected the ‘‘home
lab’’ technique of learning
at home in spare time.
Nothing is as effective as
learning by doing. That's
why NRI puts emphasis on
equipment, and why it in-
vites comparison with
equipment offered by any
other school. Begin now
this exciting program of
practical learning created
by NRI's Research and De-
velopment Laboratories.
It's the best way to under-
stand fully the skills of the
finest technicians—and
make their techniques
your own,.

“BITE-SIZE"” LESSON
TEXTS PROGRAM YOUR
TRAINING AT HOME

Certainly, lesson texts are
necessary. NRI's pro-
grammed texts are as
simple, direct and well il-
lustrated as 50 years of
teaching experience can
make them. They are care-
fully programmed with NRI
training kits to make the
things you read about
come alive. You'll experi-
ence all the excitement of
original discovery.

HOBBY? CAREER?
PART-TIME EARNINGS?
MAIL COUPON TO NRI

Whatever your reason for
wanting to increase your
knowledge of Electronics
. . . whatever your educa-
tion . . . there’s an NRI
instruction plan to fit your
needs. Choose from three
major training programs
in Radio-TV Servicing, In-
dustrial Electronics and
Communications or select
one of seven specialized
courses. Mail coupon for
NRI catalog now.

DISCOVER THE EXCITEMENT OF
NRI ELECTRONICS TRAINING

Founded 50 years ago—in the days of wireless—NRI pioneered the ‘learn-by-
doing” method of home-study. Today, NRI is the oldest, largest home-study
Electronics School, offering the kind of instruction that makes learning exciting,
fast. You build, test, experiment, explore. Whatever your interest, your need,

your education, investigate the wide variety of NRI training plans . .

. find out

about the NRI Achievement Kit. Cut out and mail the postage-free card now.

No salesman will

call.

Washington, D.C. 20016.
50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

NATIONAL RADIO

INSTITUTE, Electronics Division,
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Don’t move a muscle!

This security system is so sensitive, it can be
adjusted to detect the motion of your arm turning
this page.

And if this Portable Model Unit were within 35 feet
of you and you moved. . . people up to a half-mile away
could hear the siren. Plus with optional equipment,
it can detect fire...turn on lights...even notify police.

What does a burglar alarm have to do with you?

Just this: Radar Sentry is no ordinary alarm. It is
the most modern and effective security system avail-
able, And it’s also electronic.

That's why we need you. We need Dealers with
technical knowledge. For the most successful Dealers
for Radar Sentry Alarm are men who know electron-
ics. This is a product that sells itself when demon-
strated properly.

It's been proven time after time. In fact, many of
the more than one thousand readers of electronics
magazines who became Dealers in the past year —
sold a system on their first demonstration.

And that's why we need men with technical knowl-
edge and experience.

Men like you.

How about it?

Do you want to start a business of your own...
or expand your present business with a product that in
8 years has become the worid-wide leader in its field?

Do you want to earn up to $5,000 a year in
your spare time?

Do you want to earn $20,000 and more full time?
We'll show you how.

0.K., now you can move,

Fill out the coupon and get complete Dealer/Distributor
information. .. free.

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

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

} City State & Code
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December, 1966




Give the Ampex
sound of music.

(And we’ll give you a little something extra.)

Nobody but Ampex gives you so many great ways to say
Merry Christmas. 14 recorder models to choose from. All
with the protessional quality sound that made Ampex
famous—plus Ampex innovations like automatic threading,
automatic reversing and bi-directional record. Priced from
$249.95 to $599.95. Then choose from a host of quality
Ampex speakers that do justice to the strong, true sound
these recorders tape and play. (Twin speakers as low as
$60.00)

About that something extra: You get $100 worth of tape
(choose 10 of the 100 fastest selling tapes, plus two reels
of blank tape) for just $38.95 with the sk anserm MRV
purchase of any Ampex tape recorder.”®

Merry Christmas. LAMPEX |

audio and video recorders/speakers/ microphones/video cameras/tapes

Ampex Corpnration, 2801 Lunt Avenue, Bl Grave, itiingis 50007

“special offer availabie in continental U. S. A onty.

CIRCLE NO. 84 ON READER SERVICE CARD
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Electronics World

THIS MONTH'S COVER
shows the optical details of
the latest four-tube color
camera used by NBC.
Complete operation of this
independent Iuminance
camera is discussed on
page 30 of this issue. It is
the purpose of this camera
to furnish a high-quality col-
or and monochrome pic-
ture. Because of its inde-
pendent luminance channel,
for long periods of mono-
chrome operation, the chro-
ma channels can be turned
off without degrading the
picture. The photo at the
lower right illustrates the
low-silhouette shape of the
new camera made possible
by the use of completely
transistorized circuits. (li-
lustration: Otto Markevics.)
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CONTENTS

Color-TV Broadcasting

Carrier Generator for SSB Reception C. Douglas Rasmussen

Recent Developments in Electronics

First Integrated-Circuit Phonograph 4. F. retrie

Complete technical details on the first mass-produced phano in which
a single IC takes the place of all the active circuit components.

A Modern Color-TV Camera: The Cover Story

Color-TV Signal Generators Leslie Solomon

Chroma Circuits in Color TV: Sylvania  wolter H. Buchsboum

Cryogenic Liquid Level Controls  waliler W. Schopp

Electronic Metal Locators: Basic Types and Design Factors  DonoldE. Loncaster

A complete rundown on what is available for the non-military user. Compar-
ative characteristics and performance of all the basic types are covered.

The Modern Shadow-Mask Color-TV Tube R. K. Gessford

Crystal-Saving Frequency Synthesizer F Patterson Smith
A novel method of generating many crystal-controlled frequencies
which reduces cost of multiple-channel communications equipment.

Soviet Color-TV System Lleslic Solomon

V.H.F. Ham Band Scanner

Electronics World 1966 Index (Vols. 75-76)

EW Lab Tested

IBL SA-600 Sterea Amplifier
Uher 9000 Tape Deck /Preamps

Integrity in the Service Shop  John Frye

Test Equipment Product Report

RCA WR-50B R.F. Signal Generator
Hewlett-Packard Model 400GL A.C. Electronic Voltmeter
Motorala Model S1067A Audio Oscillatar
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83 New Products & Literature
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Technicians

Opportunities with the
Rapidly Expanding
IBM Components
Division

Chemistry

Assignments in semicon-
ductor process development
and process manufacturing,
Familiarity with encapsula-
tion, photo-resisttechnology,

diffusion, or vacuum
deposition is preferred.

Materials

Positions are in semiconduc-
tor material preparation and
failure analysis. Experience
in epitaxial growth tech-
niques or micro failure
analysis is desirable.

Physics

Challenging opportunities in
semiconductor device
development.These positions
require experience in device
evaluation, high vacuum
technology or diffusion
techniques.

Electronics

Assignments are in semi-
conductor circuits and device
characterization. Experience
in device test techniques or
familiarity with transistor
circuit performance is
desirable.

The Components Division is in
Dutchess County, approxi-
mately 65 miles north of New
York City. Liberal company
paid benefits, including relo-
cation and tuition refund.

Please write, outlining your
qualifications and experience,
to Mr. M. J. Mangiameli,
Dept.650Z,1BM Components
Division, East Fishkill
Facility, Route 52, Hopewell
Junction, New York. IBM is
an Equal Opportunity
Employer.

IBM.

COMING
NEXT
MONTH

SPECIAL FEATURE ARTICLES ON:

HI-FI

Problems of Matching Speakers to Solid-State Amplifiers—Since the output of any
solid-state amplifier varies with load, it is important that speaker impedances be taken
into account to obtain ultimate performance. Vic Brociner of H. H. Scott tells how it
should be done, and gives some advice on adding speakers to your hi-fi system.
Solid-State Amplifier Directory—A complete listing of commercially available models
along with their electrical specs, physical dimensions, and prices.

A First for the Hi-Fi Industry: Integrated Circuit Used in New FM Receiver—Details on
the new Heath receiver which uses a pair of IC's as the i.f. amplifiers . . . the first
such application in component hi-fi.

A Hi-Fi Innovation: A Pulse-Counting Detector for FM Tuners—An in-depth discussion of
the new circuit being used in the Fisher TSM-1000 FM stereo tuner. A completely new
principle, involving a delay line, insures linear bandwidth of 10 MHz.

Operational Amplifier for Hi-Fi—Bart Locanthi of James B. Lansing Sound, Inc. describes
the new “T-circuit” which is being used in the JBL SA-600 solid-state power amp. It is a
computer-type wideband operational d.c. amplifier.

The Great Damping Factor Debate—What do the numbers really mean and do very
high dgm{plng factors have any noticeable effect on performance? Read it and see.
New Hi-Fi Amplifier Terms & Definitions—With much of today's hi-fi equipment solid-
state, a whole new vocabulary is involved in listing amplifier specs.

HIGH-SPEED DEVELOPMENTS IN CRT PHOSPHORS

PUNCHED-CARD BEADERS Much brighter displays, transparent phos-
A new generation reads data at up to 2000  phors, phosphors that change color, long-

cards per minute by means of photoelectric  persistence types, and rare-earth phosphors
techniques and then encodes input data into  gre just a few examples of the changes be-

computer language. ing made in all cathode-ray tubes.

All these and many more interesting and informative articles will be yours in
the January issue of ELECTRONICS WORLD . . . on sale December 20th.
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GET SUPERIOR 82-CHANNEL
COLOR TV RECEPTION WITH

NEW BELDEN

290

SHIELDED PERMOHM*
LEAD-IN

Until the introduction of Belden 8290 Shielded Permohm
TV lead-in cable, there were serious limitations in the ef-
fectiveness of the various lead-in cables available, whether
twin lead or coaxial.

Here Robert E.Sharp, electronic engineer of the Belden
Manufacturing Company, discusses the problems and the
reasons why Beiden 8290 Shielded Permohm is the all-
purpose answer for 82-channel and color TV reception.

Q- What problems have been experienced in using twin lead
A- Most installers have found out that using flat ribbon or
i I i tubular 300 ohm line for UHF and

l ! When these lines encounter dirt,

5 rain, snow, salt, smog, fog, or in-
{jJ }J* drops abruptly, the attenuation
I soars and the picture is lost.
Permohm line which encapsulates the flat twin lead in a
fow loss cellular polyethylene jacket. This keeps all of the
of weather conditions.

Although this was a major improvement, there stili re-
automotive ignition systems, reflected TV signals and ex-
treme electrical radiation which could be picked up by the

cables olher than 8290 ?
color installations is unsatisfactory.
]_. dustrial deposits, the impedance
i

To overcome this problem, Belden developed its 8285
surface deposits out of the critical signal areas—regardless
mained the problem of electrical interference signals from

lead-in to create ghosts and static lines in the picture.

Qo Then, is this why many people recommend coaxial cable
as TV lead-in ?

A- Yes. Because of the incorporation of a shield, coaxial
cable has an advantage over unshielded twin lead.

Q- Then, why isn’t coaxial the total answer?

A',Coaxial cable has much higher db losses per hundred
feet than twin lead. Although the shield in coaxial cable
does reduce lead-in pick-up of interference signals, it is
not as effective as a 100% Beldfoil* shield.

Another way to put this is that 8290 delivers approxi-
mately 509 of the antenna signal through 100 feet of trans-
mission line at UHF while coaxial cable can deliver only
15% to 209, frequently not enough for a good picture. Even
at VHF, the higher losses of a coaxial cable may be intoler-
able, depending on the signal strength and the length of
the lead-in.

The following chart spells this out conclusively. We
have compared RG 59/U Coax to the new Belden 8290
Shielded Permohm. All 30 ohm twin leads, under ideal
weather conditions, have db losses similar to 8290.
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db LOSS/100° db LOSS/100°
CHANNEL MC 8290 COAX (RG 59 Type)

2 57 1.7 2.8
6 85 2.1 3.5
7 177 3.2 5.2
13 213 3.5 5.9
14 473 5.4 9.2
47 671 6.6 11.0
83 887 7. 13.5

Capacitance: 8290—7.8 mmf /ft. between conductors
Coax—21 mmf/ft.
Velocity of Propagation: 8290—69.8%
Coax—65.9%
Q; Won'l the use of matching transformers improve the effi-
ciency of a coaxial cable system ?

A. No! The efficiency is further reduced. Tests show that
a pair of matching transformers typically contribute an ad-
ditional loss of two db, or 20% over the band of frequency
for which they are designed to operate. Incidentally, trans-
former losses are not considered in the chart.

Q.How does 8290 Shielded Permohm overcome the limita-
tions of other lead-ins ?

A- 8290 is a twin lead with impedance, capaci- 1

tance, velocity of propagation and db losses

which closely resemble the encapsulated

Permohm twin lead so that a strong signal !

is delivered to the picture tube. At the same S

time, 8290 has a 100% Beldfoil shield which Al

prevents line pick-up of spurious interference oAl

signals. In short, 8290-combines the better :

features of twin lead and coaxial cable into

one lead-in,

Q. what about cost ?

A- In most cases, 8290 is less expensive than coax since
matching transformers are not required. The length of the
lead-in is also a factor in the price difference. The cost of
coaxial cable installations can vary tremendously, depend-
ing upon the type and quality of matching transformers
used. If UHF reception is desired, very high priced trans-
formers are required.

Q. /s 8290 Shielded Permohm easy to install ?

A. Yes! Very! It can be stripped and prepared for termina-
tion in a manner similar to 300 ohm line without the use of
expensive connectors. It also can be taped to masts, gut-
ters or downspouts, thus reducing the use of standoffs.
There is no need to twist 8290.as the shield eliminates
interference problems. It is available from your Belden
electronic distributor in 50, 75, and 100 foot lengths, already
prepared for installation, or 500’ spools. 8-11:5

BELDEN MANUFACTURING COMPANY

P. O. Box 5070-A « Chicago, lll. 60680
*Belden Trademark Reg. U.S. Pat. OIf.
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iy Sony Lane
just to uet the
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fab!

It is a fact that each reel of
Sony Professional Recording
Tape contains two ‘‘easy
threader” tabs which make
any tape reel instantly and
effortlessly self-threading. []
But Sony (maker of the
best-selling tape recorders
in the world) also makes
the world's finest recording
tape. And we'd rather have
you buy it for that reason!

Sony tape captures the
strength and delicacy of
any sound. Sony tape repro-
duces those sounds for per-
fect playback, over and over
again. [[] Sony Professional
Recording Tape brings out
the best in a tape recorder,

And that's why we'd like you
to buy it.

=Te)n'dl SUPERSCOPE

AMERICA'S FIRST CHOICE IN TAPE RECORDERS
CIRCLE NO. 91 ON READER SERVICE CARD
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LETTERS
FROM OUR
READERS

il

CLASS-D AMPLIFICATION
To the Editors:

I have noted the correspondence be-
tween Reader Robert W. Schoening and
Author Donald E. Lancaster (EvLgc-
TRONICS WORLD, September, 1966)
with some interest. It is apparent that
Mr. Schoening, in common with many
others, is guilty of nothing more than a
lack of a complete understanding of
the complex energy-transfer cycle re-
quired for successful operation of
class-D circuits. Author Lancaster is
guilty of a sin of omission or two in not
being perfectly lucid in his explana-
tions. Actually, Reader Schoening made
some very good points which would
have been cleared up had Mr. Lan-
caster been able to treat the subject in
greater depth.

At this point, let me inject my bona
fides: In 1964, while an electronics
engineer for Ling Electronics, Inc., An-
aheim, California, I built and success-
fully operated an audio amplifier using
class-D (at this time it was not known
as class D but was generally described

ras “time-modulated switching mode”)

solid-state techniques which produced
an output from d.c. to 3 kHz at full
power. Full power, in this case, was
2000 watts! Measured efficiency (with
true-r.m.s.-reading meters) was 89%.

During the development of this am-
plifier, several novel circuits were de-
vised which are the subject of a patent
application now under study by the
U.S. Patent Office and jointly held by
two other men, one of whom is still
employed by Ling in the capacity of
Vice President of Engineering. Due to
the restrictions imposed by patent laws,
a paper describing this development
has never been published.

To answer Reader Schoening on one
point: You are quite right in that energy
is stored by the filter and returned to
the generator.
must be returned to the power supply
part of the generator, not the switch, if
high efficiency is to be maintained.
This is the role of the free-wheeling
diode which is an integral part of
every switching-mode design.

A Fourier analysis of a time-modu-
lated switching-mode waveform shows
that the theoretical efficiency is 100%.
However, due to semiconductor switch-

However, the energy

ing losses and inability to build induc-
tors with infinitely high “Q” and ca-
pacitors with infinitely low D in the
real world, actual efficiencies can only
approach this figure—as in my case,
89% at 2 kW. Reader Schoening,
class D does not stand for “dead” as
you suggest; it stands for “desirable.”

T. R. PargHILL

Senior Project Engineer

Ultek Corp.

Mountain View, Calif.

VARACTOR DIODE APPLICATIONS
To the Editors:

The article “Varactor Diode Appli-
cations” by Donald E. Lancaster in
your June, 1966 issue covers wide
ground but still doesn’t exhaust possible
varactor uses.

We have just announced a differen-
tial d.c. amplifier that uses varactor
diodes to achieve exceedingly low cur-
rent offset and drift performance; at
the same time, the amplifier harnesses
the varactor’s ultra-low voltage and
current noise at near d.c. frequencies.
Additional benefits, all stemming from
the varactor input circuit of the new
amplifier, are 10,000 megohms input
impedance, 160 dB common-mode re-
jection ratio, and =300 volts common-
mode rating. What semiconductor
amplifier can accept inputs 300 volts
above or below ground?

The new amplifier, designated the
Model 301, uses a varactor bridge in-
stead of a conventional differential
transistor input stage. The varactor is
excited by a 10-MHz oscillator (car-
rier oscillator) included in the unit’s
3-cubic-inch package. Operation is
very simple. Owing to the variation of
varactor capacitance with applied volt-
age, the varactor bridge can easily be
unbalanced with minute input signals.
Input current as low as 107'® ampere
will unbalance the bridge, feeding a
proportion of carrier signal out to the
following a.c. amplifier stage. After
demodulation and further d.c. ampli-
fication, the unit develops an output
that is a replica of the original input,
amplified one million times, and re-
markably free from unwanted noise.

The varactors provide noise perfor-
mance in this circuit several orders of
magnitude better than conventional

ELECTRONICS WORLD



HoW 10 Bulld A FET Vollmeler

Take the VT out of VTVM with the transistor that behaves like a tube.

Siliconix assumes no responsibility for circuits shown, nor does it represent or warrant that they do not infringe any patents.

‘The voltage divider on the left works with both; in the middle circuit, the
matched FET pair means no re-zeroing with temperature changes. If you’re
willing to re-zero try the one on the right. Either circuit with a 100 pa meter
gives a full scale sensitivity of 0.5v and better than 1% linearity. For AC add
a diode peak detector and change the multiplier resistors. To modify your pres-
ent VI'VM for instant warmup and portability just remove the tube and all
the power supply business. Change a couple of resistors, then install a FET and
a battery. The battery should last a year, even with daily use.

GET STARTED FOR AS LITTLE AS $1.00

T ————————————————
ake any tube circuit handbook, pick the [ o B shipe KGRLM ]
circuit you want, then design it with FETs. | siLicoNiX INCORPORATED, 1140 West Evelyn Avenue
To make it easier, we offer four experi- | Sunnyvale, California 94086
mental FET packages, each with appnca_ I Enclosed is [] $1 for one U110 FET and data
tions data. You can buy one FET, or one of | [ $2 for one ULLZ FET and data
. . [] $2.75 for both FETs and data

each, or a matched pair...all at special |
experimenter prices. Clip the coupon and I

|

I

I

|

|

I

O $6 for one pair matched U112’s I

(Calif. residents add 4c, 8¢, 11c, or 24¢ sales tax) |

mail it today with check or money order! =
|

Name Call

Siliconix incorporated Address
1140 W. Evelyn Avenue * Sunnyvale, California 94086 Clty State Zip
Phone 245-1000 » Area Code 408 « TWX 408-737-9948 I_—"'"_——'——'—————_____,_I

This is a limited offer, for experimenters only, one order to a customer (no purchase orders, please).  Offer closes February 28, 1967,




HOW
GOODIS A
TEENY WEENY
CARTRIDGE THAY

CAN'TEVEN

Great! As a matter of fact, every Empire "living cartridge” is put through the most rigid
musical tests. Four poles, four coils and three magnets assure better balance and phenom-

||

enal frequency response. The living cartridge reproduces razor-sharp stereo separation
even at 15,000 cps. There is also a full mu-metal shielding on every cartridge, a higher output,
(8 mv. per channel), lower IM distortion (elasto-shear suspension), and lower tracking force
for longer record wear. No other cartridge can reproduce the entire musical range so pre-
cisely and with such clarity. When you can sing like this, why hum? Write for new 1967 color

brochure. EMPIRE LIVING CARTRIDGE SERIES FROM $14.95.

PIRE SCIENTIFIC CORP., 845 Stewart Ave., Garden City, L.I., New York 11530
CIRCLE NO. 113 ON READER SERVICE CARD

NOW! Solve Electronics Problems
fast with New Patented Sllde Rule

..‘

That’s right! This amazing new Electronics
Slide Rule will save you time the very first
day you use it. It’s a patented, all-metal 10”
rule that features special scales for solving
reactance, resonance, inductance and cir-
cuitry problems . . . an exclusive ‘“‘fast-
finder” decimal point locater . . . widely-
used formulas and conversion factors for
instant reference. And there’s all the stand-
ard scales you need to do multiplication,
division, square roots, logs, etc.

Best of all, the CIE Electronics Slide Rule
comes complete with an Instruction Course

———— e e o Sdnan

Cleveland Instltute'
of Electronics
1776 E. 17th St., Dept.EW-132, Cleveland, Ohio 44114

| Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail
promptly and get FREE Pocket Electronics Data Guide too!

of four AI-FROGRARMED " lessons. You'll quickly
learn how to whip through tough problems
in a jiffy while others plod along the old-

fashioned “‘pad and pencil” way.

Electronics Slide Rule, Instruction Course,
and handsome, top-grain leather carrying
case . . . a $50 value for less than $25. Send
coupon for FREE illustrated booklet de-
scribing this Electronics Slide Rule and
Instruction Course and FREE Pocket Elec-
tronics Data Guide. Cleveland Institute of
Electronics, 1776 E. 17th St., Dept. EW-132,
Cleveland, Ohio 44114.

* TRADEMARK

NAME (Please Print)

ADDRESS COUNTY.
coupon

CITY. STATE. ZIP.

today—-b.

—-_—_—_.—

A leader in Electronics Training...

since 1934
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transistors at d.c. (where so-called “one-
over-F” moise is the major bugaboo)
and also outperform FET’s.

An application in which this varac-
tor technique is mandatory lies in seis-
mographic sensing, where the maost
minute earth tremors must be distin-
guished against a background of ampli-
fier noise. The lower the noise, the
smaller the earth tremors the amplifier
can detect.

Ray StaTa
Vice President, Sales
Analog Devices, Inc.
Cambridge, Mass.
# = L]
SIMPLIFIED TREMOLO
To the Editors:

I would like to bring your attention
to an error that was made in my article
“Simplified Tremolo” which appeared
on p. 89 of your October issue. The
diagram shown below clearly indicates

the correction. Note that resistor R4
g T T T T T T — T 1
si 1 |
im $Re :
> |
- cl Zpr |
. ~- 3
= | T 2N652 5 T
_— Ql I
R - |
s | c2 | c3 ~=
E c6|+ |
R 3Rz 3R3 [
A= 3rs.
+| 3 R8
_1_ wviBrATO
== LEVEL

should go to the base and not to the
collector of Q1 as shown originally. Re-
sistor R6 is the collector load in this
case and not R4.
Wirriam R. Suipper
La Porte, Ind.
# & #

SELECTING INDICATOR LIGHTS

To the Editors:

As a manufacturer of indicator lights,
we read with great interest the article
“Selecting the Proper Indicating Light”
in your August issue. Naturally, Author
Walker’s definition of “proper” includes
only lights made by his organization,
and he omits such popular types as the
economical and long-lived unit-construc-
tion neon pilot lights, among others.

His criticism of the T-2 slide-base
lamps is particularly unfortunate. T-2
slide-base lamps are the most reliable
indicator lamps presently available and
have proved vastly superior to the T-34%
miniature bayonet-base types in many
applications. Miniature sockets (%
mounting holes) are available, light out-
put and efficiency are high, and with
proper sockets there is no difficulty in
either insertion or removal.

Among substantial users of these
lamps are Western Electric and IBM,
who are concerned with reliability since
they service their own equipment.

BeErNARD ScHNOLL, Gen. Magr.
Industrial Devices, Inc.
Edgewater, N.J. A

ELECTRONICS WORLD



Three reasons
why NOW is the time to
buy a JOHN5ON MESSENGER

Johnson MESSENGER 100

Now with 6 channels, built-in PA and provision for Tone Alert selective calling.
ONLY

$12995*

|

o Full 5-watt input

@ Highly sensitive receiver—0.5 uv

® 6 KHz bandwidth for excellent selectivity
e Dependable all solid-state construction
@ Optional AC and portable power supplies

*Price includes crystals for one channel, push-to-talk microphone

and universal mobile mounting bracket. FCC Type Accepted o
Johnson MESSENGER I
Now with 12 channels and a new low price ONLY

@ Sensitive double conversion receiver
® All solid-state—18 transistors

@ Powerful 3-watt audio system

® Multi-stage noise limiter

® Use it base, mobile or portable

$15995°

*Price includes crystals for one channel, push-to-talk microphone

and universal mobile mounting bracket, -
FCC Type Accepted

Johnson MESSENGER 300

Messenger 11 with a crystal filter added and at no increase in price

ONLY
® Crystalfilter reduces adjacent channel interference $18995*
® 12 crystal controlled channels —
e Solid state construction AR .

@ Built-in 3-watt PA and provision for Tone Alert

® May be used with accessory AC and portable power
supplies

*Price includes crystals for one channel, push-to-talk microphone
and universal mobile mounting bracket.

E. F. JOHNSON COMPANY

1179 Tenth Ave., S.W., Waseca, Minn. 56093
Please rush details on the famous Johnson line of CB products.

Go with the leader. ..
go with JOHNSON

NAME

ADDRESS

CITY & STATE ZIP.

December, 1966 CIRCLE NO. 105 ON READER SERVICE CARD



HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS
JBL SA-600 Stereo Amplifier

LAB TESTED

Uher 9000 Tape Deck/Preamps

JBL SA-600 Stereo Amplifier

For copy of manufacturer’s brochure, circle No. 26 on Reader Service Card.

-

HE James B. Lansing SA-600 is an

integrated stereo amplifier of ex-
ceptional quality. It sets new standards
of performance for integrated ampli-
fiers and, in general, equals or sur-
passes the best amplifiers we have pre-
viously tested, vacuum tube or solid
state.

The SA-600 uses silicon transistors
throughout. Feedback in the equaliza-
tion and tone-control stages reduces
distortion in this part of the amplifier
to vanishingly low levels. The power
amplifiers feature what the manufac-
turer calls the “T-Circuit.” In effect,
this is a push-pull, direct-coupled am-
plifier comparable to the operational
amplifiers used in analog computers.
The negative feedback loop around the
entire power amplifier section is effec-
tive down to d.c., resulting in negligible
phase shift and distortion throughout
the whole audio-frequency range cov-
ered by the amplifier.

0.0

G

i
————

¢ ¢ ¢ ¢

The power amplifiers, which use
complementary-symmetry stages, are
operated from balanced positive and
negative power supplies, permitting di-
rect coupling to the loudspeakers with-
out Dblocking capacitors to limit re-
sponse or degrade damping factor at
the lowest frequencies. The output stages
are designed to withstand short circuits
while driven, with no effect other than
a possible blown line fuse if the condi-
tiou persists. JBL’s confidence in the re-
liability of the SA-600 is evidenced by
a two-year guarantee covering parts
and labor.

The design of the SA-600 is very sim-
ple, uncluttered, yet attractive, It has
received awards for excellence from a
functional standpoint. It has knobs for
the essential controls: volume, balauce,
bass and treble tone controls, and the
input selector. Toggle switches select
loudness compensation, stereo/mono,
tape monitoring, and a special balance

test position. The latter switch connects
the two speakers in series across the
two outputs so that they receive the
“difference” signal only. If a mono
program is played through the ampli-
fier in this condition, no signal will be
heard when the two chanmels are in
balance. The null is clearly audible and
the adjustment is quicker and more ac-
curate than the usual methods of chan-
nel balancing.

All the signal inputs and accessory
sockets are located underneath the
amplifier. The speaker connections are
in the rear, recessed so that the ampli-
fier can be installed with little or no
wiring visible. The input selector has
positions for tape head, phono, tuner,
and auxiliary. A switch under the am-
plifier allows the tape head equaliza-
tion to be changed to RIAA so that
two magnetic pickups can be connected
to the unit.

Performance specifications of the
amplifier are most impressive. It is
rated to deliver 40 watts per channel,
both channels operating, from 20 to
30,000 Hz. The distortion is rated less
than 0.2% at 80 watts total output (or
less) from 20 to 20,000 Hz. IM distor-
tion is rated at the same value. At one
watt output {a usual listening level,
where many transistor amplifiers have
appreciably higher distortion), the
SA-600 is rated for 0.1% total harmonic
distortion or 0.05% intermodulation dis-
tortion.

There are extensive specifications on

1007
[
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Sony has developed the
world’s finest audio transistors...

here’s the proof

Many manufacturers have made fairly good transistor
amplifiers. Until now nobody has made a great one:
And everybody knows the reason: distortion. Unfor-
tunately, most transistor amplifiers distort in a very
special way. Not so much at top power, but rather
more at normal listening levels where it hurts most.
The Sony TA-1120 integrated amplifier and TA-3120
power amplifier are the first high-powered transistor
units to really overcome the problem of distortion. At
all power levels, at all frequencies distortion is kept
below that of the finest tube amplifiers. The TA-1120
and TA-3120 both provide 120 watis IHF at 8 ohms,
both channels operating. Distortion, at rated output, is
0.1%. And at normal listening levels it is even less,
0.05% at 2 watt. In addition, they have achieved an
extraordinarily high damping factor, better than 70 at
1000 cps to assure clean, low-frequency power re-
sponse. Frequency response is practically flat from 10
10 100,000 Hz (+0 db/—1 db). For safety’s sake, an SCR
(silicon controlled rectifier) protects the power transis-
tors against accidental shorts and other overloads.

The integrated amplifier, the TA-1120 features a
sensible arrangement of the front-panel controls for
the greatest versatility and ease of operation.

We believe that these are the first great transistor
power amplifiers. How can Sony do what other man-
ufacturers couldn't? Sony is a pioneer in transistors.
With first after first. Such as the tunnel diode. Transis-
tor television. And the all transistor video tape re-
corder. The point is that Sony knows transistors. To
the 'n'th degree. And designed new, advanced types
especially for the driver and output stages of these
amplifiers. And silicon transistorsare used throughout.
They are the most stable. The TA-1120 integrated
amplifier, $399.50. A handsome oil-finish walnut enclo-
sure is optional. The power amplifier, TA-3120, $249.50.

Visit your Sony high fidelity dealer and make him
prove that Sony is' worth the money. Make him com-
pare it with the finest tube amplifiers. We think you'll

end up with a Sony. For a free brochure write: _
2 All prices sugzested list,

B Corp. of America, 47-37 Van Dam St..
Long Island City, N.Y. 11101 Dept, H
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Portable - 6 “D" Bells

DC-AC

millivoltmeter
TmV-TY

1 Hz- 100 kHz

Dynamics™  new Model 501 DC-AC
Millivoltmeter now provides two fully-
portable laboratory-precision
instruments in one package. It is the
only portable instrument that permits
1 Hz measurements while operating
on six {6) ordinary D cells featuring
guarded and isolated operation from
1mV to 1kV.

In addition to its superior
measurement capabilities, the Model
501 is equipped with output terminals
for driving external recorders. ‘‘Box-
within-a-box"’ construction: permits
both floating and differential
measurements. Added features
include the big 7.2 inch mirror-
backed, taut-band meter with dB
scale for ac measurements.

Check full specifications and compare.
Write for Product Bulletin PD5-761.

DYNAMICS

[INSTRUMENTATION COMPANY |

583 MONTEREY PASS ROAD
MONTEREY PARK, CALIFORNIA
(213) 283-7773

hum and noise, transient response,
overload recovery, and other parame-
ters, which add up to a remarkable am-
plifier. It was evident that the residual
distortions of our test instruments would
be the limiting factor in many of our
measurements, A preliminary check
confirmed this, as the residual distor-
tion in our instruments was approxi-
mately 0.1%. The harmonic distortion
we measured was less than 0.1% up to
more than 40 watts per channel, into
8 ohms. Its power into 16-ohm loads
is about 80% of the rated 8-ohm level,
while it will deliver 150% of rated
power into 4 ohms for brief periods of
time.

The curve of distortion versus fre-
quency at fixed power is usually per-
formed at rated power. In this case, we
could not measure any distortion at rated
power, so we made this test at 50 watts
output, measuring about 0.25% dis-
tortion over most of the frequency
band. At half power or less, we were
once more in the vicinity of the residual
distortion of the test equipment that we
employed.

The frequency response was perfect-
ly flat from 20 to 20,000 Hz. RIAA
equalization was also well-nigh per-

fect, and NAB tape equalization had
only a slight roll-off below 50 Hz. The
amplifier has extremely high gain on all
inputs, yet had the lowest hum and
noise we have ever measured on an
integrated amplifier. On the phono in-
puts it was 66 to 75 dB below 10 watts
(better than 80 dB below full power),
and on the high-level inputs it was an
almost unmeasurable 100 dB below 10
watts. The uncanny quietness of the
SA-600 was further proved when we
connected a magnetic cartridge to it
and, with gain at maximum, could hear
no hum or hiss in the speakers.

In use tests, the amplifier was as
good as one would expect. It was a
truly transparent amplifier, with out-
standing clarity. We appreciated the
complete absence of noise, freedom
from switching transients, and the over-
all silky smoothness of the operating
controls.

Obviously, this sort of performance
does not come cheaply. However, the
JBL SA-600 is certainly worth every
cent of its $345 (including cabinet)
price tag. One can hardly imagine a sig-
nificantly better amplifier, or one which
will obsolete this beautiful instru-
ment. A

Uher 9000 Tape Deck/Preamps
For copy of manufacturer’'s brochure, circle No. 27 on Reader Service Card.

HE Uher 9000 stereo tape deck

with matching preamps is compact,
light (24 pounds), and unusually flexi-
ble. It is an all-solid-state, four-track,
two-speed recorder, with three heads
and independent stereo record and
playback preamplifiers.

The unit is housed in a wooden case
with a hinged plastic cover. The re-
corder has no speakers or power am-
plifiers and is intended to be per-
manently installed as a component in
a high-fidelity system. It accepts reels

up to 7 inches in diameter. A tape-
tension arm minimizes flutter and actu-
ates an automatic shut-off if the tape
breaks or runs out. There is a four-
digit counter with push-button reset.
Turning the speed selector to either 7%
or 3% ips actuates the recorder which
is then ready for immediate use.

The tape transport is controlled by
piano-key levers. The pause lever stops
and restarts the tape motion instantly.
A red record-safety button must be de-
pressed with the start lever to make a
recording. An input selector switches
the record-amplifier inputs to the radio,
phono, or microphone inputs. Hlumi-
nated meters indicate the recording
level. A momentary-contact push-but-
ton comnects the outputs to either the
input of the record-amplifiers or to the
monitor head’s playback amplifiers to
facilitate comparison of the incoming
program with that being recorded.

There is no playback level control

5/ - -
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It pays to be particular
in outer space.That’s why RCA
builds weather satellites for
NASA using solid integrated
circuits-the most reliable kind

of circuitry ever made.

And it pays to be particular
about performance. That’s why
RCA Victor was the first to adapt
this kind of circuitry for use in
the sound system of some of
|ts newest color and black-and-
—————White TV sets - the
|15 most rellabIeTVon
=L the market. @)z




Then,
it takes a lot
of know-how to

be a UNIVAC

field engineer?

Want to know
how you can
learn while we’re

paying you?

One reason we’re leaders in
the commercial computer
industry is the kind of peo-
ple we have working for
us and the kind of training we give them as they go
along.

In the case of our field engineers we give them
plenty. So much, in fact, that they don’t need a college
degree to get started with us. If you have a good grasp
of electronic and electro-mechanical fundamentals
and a more than ordinary amount of ambition, we’ll
see to it that you get all the training you can handle
on our various computers....And we’ll pay you while
in training.

After that you’ll be on your way up as one of our
career field engineers—installing and maintaining our
equipment. We have field offices all across the nation
and overseas as well. You'll be assigned to one of them.

Sound good? Wait until you hear about UNIVAC's
expense allowances, fringe benefits, and advancement
policies.

Interested candidates are invited to write
Mr. J. Corrigan
Manager of Field Administration, UNIVAC,
P.O. Box 8100, Philadelphia, Pa.

Dept. 62-M

UNIVAC

QCIVISIONDOFSPEARY RAND CORPQRATION
An Equal Opportunity Employer
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since this function is delegated to the
external amplifier. It does, however,
have a level control for the headphone
monitor output.

The last control on the deck is a five-
position function selector. It permits
mono recording or playback on either
channel, stereo operation, or “multi-
play.” The latter is the familiar sound-
on-sound in which one channel is copied
onto the other, together with new pro-
gram material. Either channel may be
so transferred to the other. The switch-
ing flexibility of the recorder makes
this possible without requiring external
patching cables

Among the many unique features of
this recorder is a control which allows
trimming the playback head azimuth
to optimize reproduction of tapes made
on other machines. An index mark sim-
plifies returning this adjustment to its
normal setting. In addition, there is a
three-position switch that allows ad-
justment of the machine’s playback
equalization to either of two European
playback characteristics or the NAB
curve,

In our laboratory measurements, the
over-all 7% ips record,playback fre-
quency response was within = 2.5 dB
from 20 to 20,000 Hz on one channel.
The other channel had a similar re-
sponse to about 13,000 Hz and dropped
off to —6 dB at 20,000 Hz. At 3% ips,
the first channel was within = 2.5 dB
from 20 to 3500 Hz, rising to +7.5
dB at 13,000 Hz and falling to —2.5
dB at 20,000 Hz. The second channel
was within = 2.5 dB from 20 to 13-
000 Hz. Needless to say, this is excel-
lent response for a recorder operating
at 3% ips. The playback response at
7Y% ips with the Ampex 31321-04 tape
was within = 2.5 dB from 50 to 15,-
000 Hz.

Wow and flutter were 0.05% and
0.085%, respectively. The signal-to-
noise ratio was about 45 dB, with the
noise consisting almost entirely of hiss
—hum was very low. The distortion
(combined record, ‘playback) was quite
low for recording levels of —5 dB or
less; at 0 dB the over-all distortion in-
creased.

All the inputs and outputs, located
in the rear, use European connector
jacks whose mating plugs are not readi-
Iy available in this country. The jacks
are identified by symbols whose mean-
ing we determined only after reference
to the schematic diagram of the re-
corder.

The recorder is basically an excel-
lent machine whose full potential would
be realized with a somewhat clearer in-
struction manual. We understand that
such an improved manual is being pre-
pared and will be available to all fu-
ture purchasers.

The Uher 9000 tape deck/preamps
instrument sells for $400.00. A

ELECTRONICS WORLD



Zowie! Here’s big news for “Mister Right”~—the independ-
ent service dealer who carries Sylvania tubes.

Every time you order Sylvania picture or receiving tubes
from a participating distributor, you receive Sylvania
Means Business (SMB)-Mister Right dealer certificates.
They’re redeemable for an exciting selection of gifts. For
yourself, your family, your home,

You get certificates for your purchases of receiving
tubes and every SILVER SCREEN 85, color bright 85™ or
CoLOR SCREEN 85 picture tube.

So you’re a winner in two ways: big profits and top-
quality prizes. Sylvania Means Business.

See your participating Sylvania Distributor for all the
details. Sylvania FElectronic Tube Division, Electronic
Components Group, Seneca Falls, New York 13148.

SYILVANIA

SUBSIOIARY OF

CIRCLE NO. 89 ON READER SERVICE CARD
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Mail card to RCA Institutes today
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THE FIRST
BIG STEP.

TOWARD
f HEWAHI]INI]

HECTRONICS

Thousands of well paid jobs for
Electronics Technicians are
unfilled now

RCA Institutes Gan Train You—
At Home — And Help You Qualify

- For This Work

It’s a sad, but true, fact that today, with so |

many men yearning for better jobs and better

incomes, thousands of well paid jobs are un- §

filled in the vast electronics industry.

Many of the men who could fill these jobs —
that is, men with the aptitude and native inter-
est to enjoy a career in electronics—are handi-
capped because for one reason or another
they have not had the opportunity to train
themselves for these lucrative positions,

221

CAREERIN .

ELECTRONICS WORLD



NOW—
THANKS TO RCA
INSTITUTES
HOME STUDY —
YOU CAN TRAIN
FOR A CAREER
IN ELECTRONICS

Realizing that thousands of technical
jobs—well paid jobs—in electronics
are going unfilled each week, RCA
Institutes has done something posi-
tive about the problem. To benefit
the electronics industry, with its cry-
ing need for trained men... and to
help men who really want to move
into a well paid electronics job, RCA
Institutes offers an ideal home train-
ing program!

HOME STUDY CAN PROVIDE
CAREER OPPORTUNITIES!

To help meet the need for qualified
men in the electronics field, RCA
Institutes has created a wide variety
of Home Training Courses, all aimed
toward a profitable, exciting elec-
tronics career in the shortest pos-
sible time. Included are exclusive
““‘Career Programs’ designed to
train you quickly for the job you want!
Your study program is supervised by
RCA Institutes experts who work
with you, help guide you over any
“rough spots’ that may develop
along the way.

OFF TO A FLYING START WITH
AMAZING RCA “AUTOTEXT”
METHOD

Each “Career Program” starts with
the amazing “AUTOTEXT"” Pro-
grammed Instruction Method — the
new, faster way that's almost auto-
matic! “AUTOTEXT” helps even
those who have had trouble with
conventional learning methods in the

December, 1966

past. It is truly the “Space Age” way
to learn everything you need to know
with the least amount of time and
effort.

RCA INSTITUTES ENGINEERED
KITS SPEED YOUR PROGRESS

To speed you on your way to a suc-
cessful electronics career, your
“Career Program’ will include a
variety of RCA Institutes engineered
kits at no extra cost—each complete
in itself. As a bonus, you will also
receive and build a valuable Oscillo-
scope. You'll get the new Pro-
grammed Electronics Breadboard
for limitless experiments, including
building a working signal generator
and a fully transistorized superheter-
odyne AM receiver and Multimeter.

CHOOSE YOUR CAREER
PROGRAM NOW

To get a head start today on the elec-
tronics career of your choice, look
over this list of RCA Institutes
“Career Programs', pick the one
that appeals most to you, and check
it off on the attached card:

m Television Servicing

m Telecommunications

m FCC License Preparation
m Automation Electronics

= Automatic Controls

m Digital Techniques

m industrial Electronics

= Nuclear Instrumentation
m Solid State Electronics

m Electronics Drafting

To meet other specific needs, RCA
Institutes also offers a wide variety
of separate courses which may be
taken separately from the “Career
Programs”. These range from Elec-
tronics Fundamentals to Computer
Programming. They are described in
the material you receive.

ADVANCED TRAINING TOO

If you are already working in elec-
tronics or have some experience but
want to move on up, you may start
RCA Institutes training at an ad-
vanced level. No tedious repetition
of work you already know!

UNIQUE TUITION PLAN

With RCA Institutes, you learn at
your own pace, and you pay only as
you learn. There are no long term
contracts to sign...no staggering
down-payments to lose if you decide
to stop...no badgering bills. You pay
for lessons only as you order them,
and should you decide to interrupt
your training at any point, you may
do so and not owe one cent.

CLASSROOM TRAINING
AVAILABLE

RCA Institutes Resident School is
one of the largest schools of its kind
in New York City with classroom and
laboratory training available in day
or evening sessions. Coeducational
classes start four times a year. Just
check “Classroom Training” on the
attached card for nore details.

FREE PLACEMENT SERVICE, TOO!

In recent years, 9 out of 10 Resident
School students who used the Free
Placement Service have been placed
before or shortly after graduation.
This Service is now available to
Home Study students.

ALL RCA INSTITUTES COURSES
AVAILABLE UNDER NEW Gl BILL.

SEND ATTACHED POSTAGE PAID
CARD TODAY FOR COMPLETE
INFORMATION. NO OBLIGATION.
NO SALESMAN WILL CALL.

RCA INSTITUTES iInc, Dept. EW-D6
A Service of Radio Corporation of America
350 West 4th Street, New York, N.Y. 10014
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The one antenna that does the work of three! Pulls
in beautiful color and crystal clear black and white
pictures on both UHF and VHF channels...plus
the finest stereophonic and monophonic FM sound

FINCO ALL-BAND UHF-VHE-FM ANTENNA reproduction.
75 OHM  Model CX-UVF-24 $72.10 List 300-ohm models for normal reception areas from

FINCO ALL-BAND UHF-VHF-FM ANTENNA SRR BB

; i f
200 OHM Model UVF-24 $59 95 List 75-0hm models for poor reception :{;?gﬁrtooms?z.m

15-ohm COLOR VE-LOG ANTENNAS
FOR UHF-VHF-FM RECEPTION

Finco’s Swept-Element Antenna challenges all com-
petition. Its unique design assures the finest color
and black and white TV reception—plus superb FM
and FM Stereo tone quality.
300-o0hm models for normal reception areas from

$16.95 to $54.50
75-ohm models far poor reception areas from

$18.55 to $62.80

introduces /

FINCO SWEPT-ELEMENT VHF-FM ANTENNA
75 OHM Model CXVL-10 $43.25 List

FINCO SWEPT-ELEMENT VHF-FM ANTENNA
300 OHM Model VL-10 $34.95 List

F R E E ALL FINCO CX-VL, CX-UVF AND UVF ANTENNAS COME WITH A FREE INDOOR SET-
=  MOUNTED TRANSFORMER, VHF-UHF TRANSFORMER SPLITTER OR VHF-UHF SPLITTER.

= THE FINNEY COMPANY
@ 34 WEST INTERSTATE STREET, DEPT. 410, BEDFORD, OHIO

4 Compomrurs ans
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Color-TV Broadcasting

A behind-the-scenes look at the operation of a modern
color-TV studio, the methods of operation, and a brief
discussion of some of the color problems encountered.

in the 1965-66 season was in color. In the 1966-67

season, color is being taken for granted. Thus, when
the three networks announced their new nighttime sched-
ules, just about every program was in color.

In its infancy, color TV faced one of the most complex
marketing problems in industry—explained by Wall Street
pessimists as a “vicious cycle”. To sell color sets, dealers re-
quired more programming. To justify more programming,
broadcasters needed more sets in use. The “vicious cycle”
proved to be a “growth cycle” in that dealers did sell more
sets, networks programmed more color, and advertisers
sponsored more colorcasts.

In 1960, only six years after the birth of commercial
color TV, the new industry grossed $100 million. By com-
parison, it took the automobile industry 12 years to reach
the $100-million mark, the aircraft industry 25 years, and
the petroleum industry 40 years.

‘ 7 IRTUALLY every TV program of major importance

December, 1966

Stations experimented with color several years before
network color programming started. The efforts of the color
pioneers were fruitful. By the close of 1965, nine out of ten
commercial TV stations had some form of color capability.
According to a recent survey, 519 out of 585 stations
broadcast color. Of the 519 stations, a total of 505 transmit
network color, 320 air color slides, 76 broadcast live color,
327 are equipped to show color film, and 167 have color
video tape recorders.

Color-TV programming hours have been constantly in-
creasing and Table 1 shows the trend of network color pro-
gramming from 1954 to the present season.

The Basic Studio

Essentially, a color-TV studio is similar to a black-
and-white studio except that the video equipment contains
a chroma processing section that is extremely sensitive to
the slightest phase and amplitude errors that formerly
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This technician controls the audio portion of the program.

could be tolerated in a monochrome television system.

Synchronization timing error must be reduced to a mini-
mum. For example, the maximum timing error of vertical
framing that can be tolerated during a program switch
cannot exceed the time of half a TV line, or 32 microsec-
onds. On special effects, dissolves, wipes, etc., the timing
tolerance on kinescope blanking must be maintained with-
in .05 microsecond to avoid visible picture shift on the
home screen. Finally, in color TV, the phase of the 3.58-
MHz color subcarrier during such an operation must be
maintained to within 3°, or approximately 3 nanoseconds,
to avoid a noticeable shift in color.

A typical color studio will contain one or more color
cameras, color VTR’s, a film or slide pickup, and, in the
case of network operations, a remote feed input. Each
piece of electronic equipment must be supplied with vari-
ous electrical signals such as blanking, burst flag, sync,
and horizontal and vertical drives. As each piece of equip-
ment is located at the end of various lengths of intercon-
necting cables, each cable must be provided with delay net-
works so that all electronic equipment will be in exact
phase relationship.

The system gets even more complex when more than
one studio is to be used. A practical limit for such “piggy-
back” operations for even a large network station is three
studios. Beyond this number, the switching of the delay
networks, coupled with the possible video delays, becomes
inordinately complicated and expensive. The addition of
new distribution amplifiers, new cameras and film chains,
or any other change that may affect pulse or video timing
must be very carefully studied. The mixing of cameras of
different manufacture or the integration of color and mono-
chrome cameras can create knotty problems,

Color Cameras

There are two basic color cameras in use at present.
These are the three-tube and four-tube varieties. Operation
is shown in Fig. 1. In the three-tube version (Fig. 1A),
three image orthicons are used to generate the I, Q, and Y
(monochrome) signals. This system has been used for
many years and has produced quite acceptable color pic-

Y-HIGH RESOLUTION
LUMNNANCE SIGNAL

I
MATRIX
Q

MATRIX
(A} (B)

Fig. 1. (A) Operation of a three-tube color camera. (B) in
a four-tube camera, luminance is generated independently.

Y-MATRIXED
LUMINANCE
SIGNAL

Y
MATRIX
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tures. However, there are some disadvantages. Unless the
three image orthicons are exactly aligned (registered) as
far as optics and sweep linearities are concerned, the pic-
ture as received on a black-and-white color set will be
somewhat blurry, while the color pictures received on a col-
or set will be edged with color fringes. A considerable
amount of research and experimentation has gone into try-
ing to produce a better three-tube camera.

With the introduction of the separate luminance channel
four-tube color camera (shown in Fig. 1B), much better
monochrome and color pictures have resulted. Details of
the operation of the independent-luminance color camera
are explained fully in the Cover Story, page 30.

Because of the advantages of the four-tube camera (cost
notwithstanding, which can reach as high as $75,000), it
is very probable that most color pickups of the future will
use this system.

Modern color cameras employ slightly different lensing
than the older cameras. Now, zoom lenses having ranges of
10:1 are in common use in studios and are utilized almost
exclusively in outdoor programs. These lenses cost about
$9000 each and are motor-controlled by the camera opera-
tor. However, in the area of “soap operas” and some panel
and interview shows, the turret-lens system, with its neces-
sary close-up lens, is used.

In most outdoor sports programs (baseball, football,
etc.), optical “range extenders,” special long-range zooms
having very long focal lengths are used to cover the very
large areas involved. Three types of optical range extenders
are employed, which vary from 2.4 to 24 inches, 3.2 to 32
inches, and 4.8 to 48 inches focal length. It is this lat-
ter lens that is used for those centerfield shots in base-
ball games.

Optical trimming filters to compensate for changes in
outdoor light are not used because they result in some loss
of light, especially in the late afternoon. Indoor sports are
usually played under fixed lighting conditions, and these
lights are balanced for proper video reproduction. Sufficient
control is provided by the camera and studio electronics to
compensate for anv color changes occurring during a game.
These controls also adjust for dark, rainy day or other types
of poorly illuminated coverage.

Color-Film Pickups

A modem color-film pickup is essentially similar in
operation to the four-tube independent-luminance color
camera shown on the cover and explained in the Cover
Story. The major electronic difference is the use of four
vidicons, with the luminance channel using a special larger
vidicon rather than the type of image orthicon employed in
the camera. Like the camera, the color-film pickup has
provisions for disabling the chroma vidicons for extended
periods of monochrome operation. Resolution of the film
pickup is 800 lines minimum at the center, reducing to
700 lines minimum at the corners.

Table 1. The growth of network color-television program hours during the period from 1954 through 1967.

1954 '55 '56 '57 '58 '59 '60 61 '62 63 '64  '65-'66 '66-'67
NBC 68 216 486 647 668 725 1035 1650 1910 2150 2135 4200 4500
CBS 46 46 74 53 24 10 5 — - 41, 4 800 2000
ABC — — — — — — — — 35 120 200 600 1500
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Automatic electronic circuits constantly monitor the out-
put signals and can provide white- and black-level correc-
tions to compensate for density variations in slides or mo-
tion picture film.

The film projector employed in conjunction with the
electronics is a high-quality unit using a color-corrected light
source for film illumination and a special mechanical ar-
rangement to convert the film frame speed to that required
for color TV. Special lenses are provided to convert the
“wide-screen” type of film to the 4:3 aspect ratio needed
in television.

Color VTR

The video tape recorder (VTR) as used in color broad-
casts is essentially the same high-speed (1500 ips), four-
head, transverse system amply covered in past issues of
this magazine. The color VTR differs in that it includes
ail automatic timing corrector to remove any residual jit-
ter or timing emrors that would disturb the extremely
phase-and-amplitude-sensitive color signal. Such errors can
occur due to any skewing, quadrature distortion, or jitter
present on the recorded tape. A higher FM deviation fre-
quency is used in the playback system to reduce any moiré
“beats” and improve the signal-to-noise ratio.

In the event of tape “dropout” caused by irregularities on
the tape surface which appear as streaks on the TV screen,
a special circuit incorporating a one-scan-line delay (stor-
age) line automatically supplies the video signal by sub-
stituting the stored information from the previous scan line.
The viewer will not be aware of the substituted signal be-
cause of the similarity between successive scan lines. The
stored video is supplied on demand through a fast-acting
diode switch. A sensing circuit in the dropout compensator
continuously monitors the output signal and actuates the
diode switch whenever a dropout occurs.

Special alignment tapes containing both monochrome
and color test patterns and test signals are used to keep a
constant check on the VTR.

Color Control

A considerable number of behind-the-camera people are
responsible for a show that may have only one performer
or have many performers. In over-all charge is the director
who has prime responsibility for the entire production in
lighting, video, and sound. It is he who issues the orders
and acts as the general to the army.

Below the director is the technical director who is re-
sponsible for proper over-all color and black-and-white
operation, It is the technical director who switches cameras
on cue from the director.

Below the technical director is the video supervisor
(called “Captain Video” in the trade) who acts like a first
sergeant by overseeing all cameras at the request of the
technical director and who is also responsible for making
sure that all color cameras are equally matched before the
program starts.

At the camera itself is the camera operator who has
control of camera focus and luminance level (color cameras
use a monochrome-camera electronic viewfinder, as the
chroma burst is not inserted until the composite signal has
entered the control room). The camera operator also sets
up his camera field of view to meet the requirements of
the program director.

When a color studio is first put into operation, the light-
ing director sets up the studio lighting in accordance with
the program needs. Then the technical director fits the re-
quired lenses to the cameras in use and has each camera
adjusted to black-and-white test patterns covering gamma,
resolution, and distribution (linearity) patterns. Meanwhile,
in the control room, an electronically generated color test
pattern (containing bars of I, Q, R, B, G, yellow, cyan,
and magenta) is used to set up the various color monitors
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The people responsible for the general studio operations,
camera switching, and program control use the control room
as their base of operations. They are in constant touch with
every phase of operations during the program being televised.

in conjunction with a vectorscope and oscilloscope to make
sure that all monitors are operating correctly. As no color
burst is supplied to the camera electronics, it only repro-
duces a black-and-white picture. However, once the cam-
era is in balance for a good monochrome picture, its
chroma components are then approximately correct and
only need minor adjustment.

The cameras are then placed in close proximity to each
other and all are simultaneously focused on a “color girl”
for exact chroma alignment. This is the industry-wide pro-
cedure for making the final chroma touchups to the cam-
eras.

The “color girl,” usually a fair-skinned strawberry blonde,
wears a bluish dress having a neutral color near the neck
to avoid unwanted color reflection on the neck and chin.
Each camera sees the girl from approximately the same
angle and same illumination level. The video supervisor
then adjusts the chroma components of each camera so
that each camera and associated monitor show the identical

The awesome array of electronics required for proper color
operations requires steady maintenance using the very latest
in test equipment. Here a technician adjusts a colorplexer.
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Fig. 2. The remote sync generators have their outputs con-

trolled by a var.able-phase audio tone so that all stations

are in exact sync regardless of the distance between them.
image coloration. The cameras are then ready to go “on the
air” [or either live or taped telecasts.

Itumination

In studio operalions, it is not important what type of
licht is used, provided it is sufficient to produce good
scene illumination and is not a mixture of daylight and
incandescent lamps. These two tvpes of lamps produce dif-
ferent light characteristies as they have different light-emit-
ling frequencies.

The amount of light falling on the subject rather than
general scene illumination is measured, using a commercial
light meter. In the event of a slight lack of light, the cam-
era lens iris can be opened and the camera electronics can
be adjusted to compensate.

Color Transmitter

Very little happens to the parumeters of the color sig-
nal at the transmitter and antenna system. The transmit-
ter manufacturer guarantees that his transmitting system
will conform to FCC specifications for color broadcasting.
However, a vector oscilloscope is used at the transmitter
video input, in coenjunction with a color test pattern origi-
nating at the studio, to insure that there are no phase er-
rors ocarring in the transmission of the signal from the
studio to the inpot of the transmitter. The transmitter and
antenna system is tested at frequent periodic intervals for
compliance with FCC color specifications.

When a transmitter does not function according to the
speces, then maintenance is performed during non-program
hours to bring the transmitter up to performance standards
lor the next broadeasting day.

Color Problems

Quite often, when a televised color program is being
viewed, some slight color differences can be seen bhetween
color cameras located within the same studio, between tape
and or filn recovded pickups, and between local and re-
mote live pickups.

In fact, it is sometimes possible to see a slight change
in color as a person passes in front of a camera. Some of
this slight change is caused by a barely measurable varia-
tion in brightness (illumination) on the subject. which in
turn will appear to the viewer as a small color change.
Note, for example, that on a color receiver, a slight altera-
tion in brightness control setting will produce a slight
change in subject color, even though the chroma controls
are not touched. Some other eflects are caused by a possible
optical illusion produced by changes in background color as
the subject crosses the stage. Additional effects are caused
by other phenomena such as polarization of light reflected
off the subject under certain circumstances. As an example
of this, when a person having dark hair is backlighted,
slight green streaks will appear in the hair.

Other color problems arise because of the extreme dilfi-
culty in matching the lighting and camera setup condi-
tions exactly from scene to scene or bhetween two or more
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studio locations. This is puai.ciiisos toue when switching
between cameras viewing a scene in a controlled illumina-
tion studio and another camera viewing an outdoor scene
having direct sunlight and shade interference.

Quite often, some small color differences are noticed
when a local studio switches to a remote studio that may
be located hundreds or thousands of miles away. Such dif-
ferences occur because of the near impossibility of exactly
matching llumination levels between the studios, because
of slight variations in camera or tape machine electronics,
and as a result of slight differences in the color engineers’
response to color.

The difliculty in maintaining proper color balance be-
tween local and remote studios becomes even more com-
plex when it is considered that parts of the program may
be traveling along an intermixed coaxial and microwave
relay system that is several thousand miles long. This sys-
tem is leased by the network from a common-carrier sup-
plier and all precautions are taken to insure that a mini-
mumn of differential phase and, ‘or amplitude error creeps in.

Color quality is usually measured three times daily—
morning, afternoon, and evening. Network stations trans-
mit a special vertical-interval monochrome and color test
signal during all network broadcasts. This signal takes up
two of the 525 lines required in the raster generation and
occurs during the vertical retrace interval, out of sight of
the viewer. Network affiliates use special test equipment
to extract this signal from the program material at pre-
scribed time intervals, analyze it, and photograph it for
their program records. If at any time the vertical-interval
test signals show that the color signal coming from the
network is not up to standard, then the long-line main-
tenance section is notified to begin corrective measures.

Interested viewers can inspect this vertical-interval test
signal by adjusting the vertical hold control of their TV set
until the horizontal, black vertical-interval bar is in view.
The test pattern is a series of white dots and bars located
two to three scanning lines before the beginning of the pic-
ture. A detailed analysis of this test signal will be found in
the April, 1964 issue of this magazine.

It often happens that a program may consist of material
originating at several extremely remote studios such as
Washington, D.C. and Cape Kennedy, Florida, with pro-
gram control required in New York. In such a situation, it
is necessary to switch and dissolve to each pickup point
without picture disturbances.

The basic problem is to time the program sources from
Washington and Cape Kennedy to arrive in New York coin-
cident with the New York sync  (Continued on page 68)

A typical color-TV studio camera uses a selection of lenses
including the zoom type. All are controlled by the camera
operator who is, in turn, controlled by the program director.
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By C. DOUGLAS RASMUSSEN

Syracuse University Research Corp.

Design of a stable variable-frequency r.f. oscillator to be
added to communications receiver for better SSB operation.

r~INGLE-SIDEBAND communications have increased by
' leaps and bounds in the past several years. This popu-
J larity, partly a function of necessity, encompasses
amateur radio as well as commercial and marine com-
munications. This article describes a technique and a
device capable of providing SSB reception capabilities for
receivers without internal beat frequency oscillators and for
receivers whose local oscillators exhibit poor frequency
stability.

A carrier is generated by a simple, one-transistor, bat-
tery-operated oscillator and, after attenuation, is added
to the incoming sideband at the receiver antenna jack.
SSB capability can be added to a receiver not normally
capable of SSB reception, without receiver modification.

The circuit described, actually a variable frequency os-
cillator replacing the receiver’s b.f.o., provides coverage
for SSB demodulation in the 80-, 40-, and 20-meter ama-
teur bands. This same circuit configuration, powered by
a single flashlight cell, las been used from 2 to 25 MHz.

Conventional AM receivers have been used for vears for
SSB demodulation. The most important aspect of carrier
replacement at the receiver is the relative position of the
carrier with respect to the sideband. For optimum results,
the frequency of the carrier reinserted at the receiver must
be within 20 Hz of that of the transmitter. If the replaced
carrier is within 50 to 100 Hz for voice modulation, the
demodulated audio will remain intelligible but will be ir-
ritating to the operator’s ears. Any deviation beyond this
will cause the voice to sound “garbled” or inverted.

.y

R.F. Insertion Technique

The receiver’s detector will see a conventional AM signal
(missing one unimportant sideband) if the “SSB carrier” is
replaced at the i.f. with a b.f.o. or at the r.f. with a variable
frequency oscillator. If replaced at the if., the carrier’s
relative position will change with b.f.o. and lo. frequency
changes. Small amounts of l.o. drift during a transmission
can be compensated by b.f.o. adjustments. Continual ad-
justments or “riding” of the b.f.o. will not produce satisfac-
tory results if the l.o. drifts appreciably. SSB demodulation
is, off course, impossible if the receiver is not equipped with
a b.fo.

If the missing carrier is properly added to the incoming
sideband signal at the receiver’s antenna input, the all-
important positioning relationship between the carrier and
sideband will not be altered by receiver l.o. drifting. The
entire receiver will see a conventional AM signal and will
demodulate it accordingly. An SSB carrier generator, shown
in Fig. 1, reproduces the “SSB carrier” in the radiotele-
phone portion of the 80-, 40-, and 20-meter amateur bands
(3.8 t0 4.0, 7.2 to 7.3, and 14.2 to 14.3 MHz). The genera-
tor is a low-level oscillator tunable over these bands.

The variable-frequency oscillator used as a carrier gen-
erator is of the Colpitts type and employs a single
silicon transistor in a grounded-base configuration. Feed-
back is achieved by way of capacitors C3 and C4. The
main frequency-determining components are: inductors
L1, L2, and L3; capacitor C5; and variable-capacitance
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diode, D1. Resistors R9, R10, and R11 are used to set the
tuning range in their respective bands.

D1 is a diode whose capacitance changes as a function
of the d.c. bias applied. This bias and the frequency of
oscillation are varied by the potentiometer R8 (“Coarse
Tune”) and R7 (“Fine Tune”). Switch S2 (“Band Select”)
selects the proper band and R5 (“Carrier Level”) varies
the generator’s output level.

The carrier generator can be connected directly to the
receiver’s antenna jacks in parallel with the antenna, or the
carrier can be “transmitted” by way of a small antenna or
loop of wire to the receiver.

Alignment is accomplished by adjusting inductors LI,
L2, and L3 in their appropriate bands. These adjustments
are made such that the tuning range of R7 and R8 will pro-
vide complete coverage for each of the three bands.

Operation of the carrier generator is much the same as
that of a conventional receiver b.f.o. With the carrier gen-
erator interconnected, tune the receiver until an SSB signal
has been intercepted. Select the proper band and slowly
advance the “Coarse Tune” control from its c.c.w. position
until the injected carrier is within the receiver bandpass.
Now adjust the “Carrier Level” until the effect of the in-
jected carrier is just noticeable. Readjust the “Coarse” and
“Fine Tuning” controls for the best sounding audio. A

Fig. 1. Diagram of three-band variable-frequency oscillator.
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RECENT
DEVELOPMENTS
IN ELECTRONICS

Three-axis Laser Gyroscope. (Top left) The world’s first oper-
ational three-axis laser gyro has been delivered to the Navy
for tests of the system’s ability to precisely sense a ship’s
roll, pitch, and yaw. These affect the accuracy of naval radar
and gunfire. Because the laser gyro utilizes a wholly new
principle—two intense beams of coherent light rotating in op-
posite directions—to sense rotational motion, there will be no
friction-caused drift problems encountered in conventional
gyros. The laser gyro, developed by Honeywell, has no mov-
ing parts and provides a digital output. Instead of using
fragile glass tubes and adjustable focusing mirrors, as in
laboratory lasers, this unit uses fused quartz blocks for rug-
gedness, long life, and ease of replacement. The triangular
path through which the helium-neon gas beams pass is ma-
chined by a special precision technique. Motion in one axis
changes the apparent distance each beam must travel, caus-
ing a difference in the frequency at which each beam oscil-
lates. The frequency difference is detected by two photocells.

Laser Therapy. (Center) Using intense coherent infrared radia-
tion produced by a laser, Dr. Robert Wilson of the University
of Cincinnati Medical Center treats a patient’s birthmark as
part of a research project at the Center’s laser laboratory.
The laser emits a series of light pulses lasting from one to
two milliseconds that are absorbed by the pigmented tissue
only, limiting the area treated. A special attachment shaped
like a bent arm is used for directing the red ray. Since conven-
tional mirrors don’t reflect the invisible ray, the arm uses a
built-in gold mirror developed by Western Electric. The mir-
ror reflects more than 90 percent of the laser’s output ener-
gy. Doctors hope laser treatment will eventually provide an
almost painless method for quickly removing tissue that is
ailing, as in cancers and tumors, or that is unattractive.

Mobile TV Studio. (Left) Television station KUON, channel
12, the University of Nebraska’s educational TV outlet, has
taken delivery of a mobile television van at a price of $184 -
000. The station will use the mobile teleproduction studio for
extensive on-location productions using professional crews.
Programs produced by the station will be shown over the
state-wide educational TV network, which now has stations in
Lincoln, Omaha, and Lexington. The University’'s network will
be expanded to seven stations to cover all of Nebraska and
parts of Kansas, lowa, South Dakota, Wyoming, Missouri, and
Colorado. Initial assignment for the van is the production of
90 documentary shows; 30 for Project Head Start, 30 for a
historical series on Nebraska, and 30 for exceptional children
and rapid learners. The van contains three monochrome TV
cameras, a video tape recorder, an audio recorder, in addition
to a control console, associated camera and synchronizing
equipment, monitors, and an internal communications system.
Power is obtained from local power lines or from a trailer-
mounted electric plant. The unit, supplied by Ampex, can
beam a TV signal by microwave to stations in the network.
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Moon-bounce Communications. (Right) This 16-foot diameter
dish antenna, after installation aboard ship, will be used to
transmit teletypewriter messages from ships at sea to the
moon. The messages then bounce off the moon and are re-
ceived by shore-based stations. The new system, delivered by
Lockheed Electronics Co., gives the Navy reliable, long-range,
ship-to-shore communications. By using the moon as a pas-
sive reflector, advantage is taken of microwave techniques to
overcome conditions in the atmosphere and ionosphere which
interfere with long-range communications at medium and high
frequencies. A television system, with a zoom lens camera,
provides a means of monitoring and verifying antenna position.

Portable Video Disc Recorder. (Center) A portable magnetic
disc recorder is now widely used by U.S. and European televi-
sion networks to insert instant video replays, including stop-
action still pictures, into live sports telecasts. This recorder
has now been adapted by its manufacturer, MVR Corp., for a
broad range of scientific, medical, and industrial applications.
The new device stores up to 20 seconds of signals from a
live TV camera on the top surface of a 12-in aluminum disc
coated with a nickel cobalt recording medium. The 20-
sec recording can be immediately played back for the TV
audience as a continuous sequence or as stop-action pic-
tures. Cycling from record to playback requires 1/5 second.

Computer-interconnected Integrated Circuits. (Below left) A
section of a 1%4-in diameter silicon wafer shown here illus-
trates an automated technique for interconnecting scores of
tiny monolithic integrated circuits while bypassing faulty ones.
After the circuits, each containing five transistors, have been
formed on the wafer, an automatic device tests each of them
and records the results on punched cards. This information is
then fed to an IBM computer which calculates an intercon-
nection pattern that avoids faulty circuits on the wafer and
connects good circuits to perform the desired function. Ac-
tual connections can then be drawn under computer control.

Ultrasonic Thickness Indicator. (Below right) This portable
ultrasonic thickness indicator provides an immediate numeri-
cal readout of metal thicknesses from 0.10 to 9.99 inches.
Designed for both field maintenance and in-plant inspection,
it is used to measure corrosion, erosion, and thickness of in-
terior walls of process vessels, condensers, pipe, engine
blocks and cylinder walls, and other metal structures. The
instrument, made by Budd Instruments, uses ultrasonic pulses
reflected from the material being checked to determine its
thickness. These pulses determine the width of a gating sig-
nal, which in turn operates a precision oscillator for a period
of time directly related to material thickness. Counter cir-
cuits then count these oscillations and display the count in
terms of thickness readings, accurate to within +0.02 inch.

1 i
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Fig. 1. The new G-E ‘’Micro-Mustang’’ uses « single-1C amplifier,

FIRST
Integrated-Circuit
Phonograph

By A. F. PETRIE

Advance Development Engineering
General Electric Co.

Technical details on the first mass-production phono in which a single IC takes the
place of all active components. Circuit includes 6 transistors, 6 resistors, and a
diode in chip about 50 thousandths of an inch square, and produces I-watt output.

of the transistors in the amplifier (along with several

resistors and a diode) have been diffused into a sin-
gle chip of silicon is the new G-E “Micro-Mustang”. No,
the phonograph isn’t any smaller because integrated cir-
cuits have been used (see Fig. 1) because the records and
changere still determine the size of the cabinet. Integrat-
ed circuitry was introduced in this set in order to pass the
benefits of this new technology along as soon as it was
feasible. These benefits include reliability of performance,
competitive cost, and simplicity of assembly of the com-
plete product by the manufacturer.

400 Watts/Square Inch

To remain competitive these days, even a small phono-
graph must have a power output of at least one watt. This
unit delivers about 1% watts music power or % watt con-
tinuous power at no more than 5% distortion. Even with
an efficient class-B circuit, this means
that between one-half and one watt
will have to be dissipated as heat in
the amplifier, depending on tolerances,
such as the saturation resistance of the
output transistors. All of this power,
which is normally divided between two
output transistors and several resis-
tors, must now be dissipated by a sin-
gle chip of silicon approximately 50
thousandths of an inch square. This
amounts to 400 watts per square inch.

When this program was started three
years ago, no one had an economical
solution to the problem of getting the
heat out of the chip, so G-E developed
a package and mounting that would do
the job. The IC chip is mounted in a
plastic encapsulated flat pack that looks
like a rectangular bug with a big tongue
sticking out one end (see Fig. 2).

The silicon chip is fastened to the
tongue, which carries the heat out of
the chip and into the printed-circuit
board to which it is soldered. The legs

r I YHE first mass-production phonograph in which all
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Fig. 2. Photo of IC used along
with approximate dimensions.

of the ‘bug” make the several connections between the
chip and external components such as controls, power sup-
ply, and electrolytic capacitors. The package is designed for
14 leads, but only 8 are used in this amplifier. The extra
leads are removed, leaving a spacious 0.2 inch between the
remaining leads.

Positive Temperature Stability

This is probably the first amplifier to achieve true tem-
perature stability. As temperature increases in the ampli-
fier, the idle current in the output stages actually decreases,
reducing heating. There is no suclr thing as “thermal run-
away” with this amplifier. It can still be destroyed by such
things as shorting the output, but there is no temperature
at which the amplifier will run away with itself.

As an example, an amplifier from a “Micro-Mustang”
performed well in an oven beyond 100° C (212° F) at a
0 4 watt output. (Maximum dissipation in a class-B ampli-
fier occurs at around 40% of the maxi-
mum output.) The heatsink tongue
was measured at 125° C and the junc-
tion temperature must have been well
beyond the 150° C maximum rating.
This is a bit extreme since the phono-
graph records would have melted at

65° C.
This unusual performance is due to
y W= three factors: (1) There is a d.c. nega-

tive-feedback path between the base of
the lower output stage and the base of
the input stage. Thus the base-emitter
diode voltage (and hence the idle cur-
rent) of the output stage is controlled
by the base-emitter voltage of the in-
put stage. Since the current density in
<8 . the input stage is lower than that of
" the output stage, the input base-emitter
voltage has a larger temperature co-
efficient which overcompensates for
shifts in bias due to temperature. This
reduces the idle current at high tem-
peratures and increases idle current at
low temperatures. (2) Both base-emit-

LOCATION AND
SIZE OF CHIP
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MAX CONTROLS (CLOCKWISE)
24MV RMS@IKHZ INPUT=
1V. OUTPUT ACROSS SPEAKER

470pf

{INPUT) 3]

MICRO-
ELECTRONICS IDRIVE BOOST) N
o Rl 1 ADIUSTS Bty
RS 8310 47K,
2
RS8312 pek__| IDLE v
RS8314 100K . CURRENT 19v 7 8 B+
RS8316 150K
RS8318 220K @
SUBSTITUTION CHART FOR RL] . - A5

SPEAKER
SYSTEM

(BOTTOM VIEW)

i:ﬁ .

— MICRO CIRCUIT

1L.9val RrSsao |0 O
RSTB(B)IB 10V 150

' _.’
r x|
05 22K N 22
] 14 23Q
CRYSTAL PN
MONO »22 S W * 005
CARTRIDGE TONE
{D.C. FEEDBACK)
2 O y
—@— &)
{A.C. FEEDBACK) 1L
% R.F. suppressors. =
N | 7 to 17 ma. [DLE CURRENT
1 I~
CHANGER A3 20
SWITCH ~®
SECONDARY
120V.A, C. WINDING OF
HONO MOTOR
MOTOR - 16.5V.A.C.
UNLESS OTHERWISE NOTED: - e
1. All voltages shown are typical with no signal
applied to circuit.
2. Measurements shown may deviate 10%, Ad Fig. 3. The complete circuit di-
3, Resistors shown are in ohms, 1/2watt, ®— agram of the IC phonograph.

4.
>.

6.
1.

{K=1000, meg=1, 000, 000}

A- denotes connectors.

All capacitor values in mfd unless otherwise
noted.

Arrows on controls indicate clockwise rotation.
DC voltages measured from B- (GND)

N

N——1{nsert #47 pilot lamp here during testing to
limit current to safe value (lamp will not glow
unless current exceeds 20ma),

with vacuum tube voltmeter only.
8. Line voltage maintained at 120voltsAC, 60cycles.

ter junctions are at the same temperature since they are in
the same silicon chip. (3) The junctions are matched since
both are diffused in the same step. Thus, improved per-
formance is obtained by making wise use of some inherent
characteristics of integrated circuits.

Special Circuit Requirements

Not all of the inherent characteristics of integrated cir-
cuits are as easily turned to advantage. For one, it is no
longer possible to sort transistors for gain and mix them in
different stages to always come out with the same over-all
gain. Since all of the transistors are diffused in the same
step, all will be low gain or all high gain, resulting in a pos-
sible open-loop gain variation of 600 to 1.

This is taken care of in several ways: (1) Two extra emit-
ter-follower stages are added to insure sufficient gain when
all transistors are low on gain. (2) A.c. negative feedback
is applied from a voltage divider across the output to the
emitter of the input stage to stabilize voltage gain. (3) The
collector load resistor of the input transistor is adjusted to
stabilize bias conditions. This controls the idle current in
output stages through the d.c. feedback path mentioned
previously.

Because the transistors in the circuit are small epitaxial
units, their gain-bandwidth product extends into the v.h.f.
region. The generous sprinkling of r.f. suppressors that are
found in Fig. 3 are necessary to stabilize the amplifier
and restrict its respouse to below 500 kHz.

The input circuit (Fig. 3) is a bit unusual. Since the
amplifier has a low-voltage, low input impedance, the
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The IC is within the rectan-
gular box in the diagram.

cartridge has been shunted with a 0.01-uF capacitor to re-
duce its voltage and impedance. The volume control is con-
nected to give a loudness-control-type action, boosting the
bass at low levels and cutting it at maximum volume.

Let us now look at the integrated circuit itself (Fig. 4).
Q1 is a common-emitter amplifier with negative feedback
applied to its emitter. Q2 is an emitter follower, supplying
drive to Q3 a split-load phase inverter. Q4 and Q5 are
emitter followers which drive the speaker during the posi-
tive half of the output signal. Q6 is a common-emitter
stage which drives the speaker during the negative half of
the output signal. Transistors Q95 and Q6 thus form a con-
ventional series-connected single-ended push-pull output
stage. Diode D1 is a latching diode to ensure full drive
during the negative half of the output signal. Outboard
capacitor C4 (Fig. 3) is a boot- (Continued on page 70)

Fig. 4. The integrated circuit itself consists of six transis-
tors, six resistors, and a diode all on single silicon chip.

————
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THE COVER
STORY:

A Modern Color-TV Camera

The camera shown on the cover represents the latest in four-tube systems
in which luminance is derived from a separate channel. Here is a complete
description of one of these modern cameras, the transistorized RCA TK-42.

up of live subjects have been three-tube cameras in

which the red, green, and blue video signals are
generated simultaneously by individual pickup tubes that
have been very accurately registered both optically and
electrically.

The monochrome signal is produced by the addition of
the three color signals; therefore, the resultant monochrome
picture sharpness is determined by the accuracy of the
registration of these three tubes over their entire pickup
area. Slight misregistration shows up as “soft” or somewhat
blurry-edged monochrome images, while violent color
fringes can be displayed on a color set in the most aggra-
vated form. Such misregistration can occur if one or more
of the pickup tubes have slightly different optical or sweep
linearities.

The importance of controlling any misregistration has
led to many parallel efforts by TV-camera manufacturers
both here and abroad. Some research was aimed at devel-
oping novel color-camera concepts, while other projects
concentrated on the stabilization of the circuits and com-
ponents of the three-tube pickup system.

The latest concept of color cameras involves the use of
a separate, high-definition pickup tube to supply only the
monochrome (luminance) portion of the signal, while the
red, green, and blue components that make up the chroma
information are produced by three independent tubes that
are almost completely divorced from the luminance chan-
nel. This greatly reduces the visibility of misregistration
and any resultant blurry pictures.

The separate luminance channel provides two advan-
tages over the three-tube system. First, the output signal,
when viewed on a monochrome receiver, is equivalent in
resolution, gray scale, and over-all quality to that obtained
from the finest black-and-white cameras. Second, the
high-resolution luminance component enhances the resolu-
tion: of the color picture.

Historically, the concept of a separate luminance channel
is old. A patent filed by Dr. A. N. Goldsmith on October
12, 1944 makes him the Columbus of the new world of
luminance channel cameras.

One of the latest four-tube, independent-luminance color-
TV cameras, the RCA TK-42, is opti-
cally diagrammed both here and on
the front cover. This new low-profile
camera is transistorized, thus reducing
both bulk and power requirements,
and uses a 4%-inch image orthicon for
the luminance channel and three one-
inch vidicons for the chroma channels.

The light path shown, although cor-
rect optically, is slightly rearranged
from the actual layout in order to “open
up” the system for greater clarity. The
photo at the lower right on the front
cover shows the camera exterior.

Light from the scene being viewed
enters the camera lens system, with its
adjustable iris. This lens system is sim-
ilar to that found in conventional film
cameras. The light then passes through
an orbiting wedge before reaching the
beam splitter. The orbiting wedge is a
round glass plate having non-parallel
sides and which is slowly rotated by a

r I YRADITIONALLY, color-TV cameras for direct pick-
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low-speed motor. As the orbiting wedge is rotated, the
image passing through it slowly rotates in a minute circle.
This is done because if the highly sensitive image orthicon
is left focused on a bright stationary pattern for some period
of time, a “memory” occurs and remains on the orthicon
target after the camera has been panned away or the
scene changes. Rotating the image even slightly reduces
this tendency to “sticktion,” thus removing annoying after
images. Some of the newly developed image orthicons do
not require the wedge.

The beam splitter is an optical device that divides the
light beam between the luminance and chroma channels,
with 80% of the light passing to the chroma and 20% going
to the luminance channel. The light from the beam splitter
to the luminance channel is reflected off a front-surface
100% reflecting mirror and passes through a neutral-density
filter. This filter is selected to compensate for variations
in the sensitivity between different image orthicon pickups.

After passing through the neutral-density filter, the light
falls on the target of a 4%-inch image orthicon where it
generates the monochrome signal. Note that the image
area of the orthicon is larger than that of the one-inch
vidicons used in the chroma section.

The remaining 80 of the light from the beam splitter
enters a folded optical path consisting of a trapezoidal prism
and passes to the chroma section.

The light now strikes the first dichroic mirror. A dichroic
mirror is essentially an interference filter with color-selec-
tive reflection and transmission characteristics. By ap-
propriate adjustment of the layer thickness of the inter-
ference filter, a wide range of spectral responses may be
achieved. The surfacing of the mirror used here is such
that the blue component of the light is reflected while the
red and green components are allowed to pass through.
This is the optical equivalent of a bandpass filter.

The blue light is then taken off another front-surface
100¢ reflecting mirror and passed through a trimming
filter to make sure that the color striking the blue vidicon
conforms exactly with the FCC specifications for blue.
Next, the light passes through a re-imaging lens where it
is reduced in size for the vidicon and exactly focused on
the target. The vidicon output is the blue chroma signal.

The red and green light components
that passed through the first dichroic
mirror (the light is yellow at this point)
impinge on another dichroic mirror
whose surface has been treated to pass
only the green component and reflect
the red. The green light then passes
through its trimming filter and re-in-
aging lens to the green signal vidicon.
The red component reflected from the
dichroic mirror is bounced off a front-
surface 100% reflecting mirror and
passes through its trimming filter and
re-imaging lens to the red signal vidi-
con.

The electronics of this system are
similar to those of the three-tube va-
riety, except that the monochrome sig-
nal is generated separately and is not
created as a result of chroma addition.

Other TV camera manufacturers are
also building cameras using this inde-
pendent luminance channel approach. A
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COLOR-TV SIGNAL GENERATORS

By LESLIE SOLOMON / Associate Editor

Many manufacturers were queried as to why they chose certain
parameters for their color-bar generators. Although there was no
definite agreement, some interesting observations came to light.

HEN we looked over the specifications of the many

\/\/ color signal generators on the market (shown in

the accompanying table), we noted that there
didn’t seem to be much agreement on the number of
horizontal and vertical lines made available. We also ob-
served that dot size and line thickness varied among man-
ufacturers, and we wondered why almost all companies
used the gated rainbow approach for color generation
rather than the NTSC method.

This prompted us to query some manufacturers as to
why they picked the characteristics they did and what
technical reasoning lay behind their choices.

Following are the answers we received to this inquiry.

What is the optimum number of
lines or dots required, and why?

Allied Radio. The number of lines is not critical. How-
ever, too few lines could cause a line to miss the area of
greatest misconvergence at the edge of the visible raster,
and too many lines are confusing. Based on present CRT
sizes, 10 to 16 vertical or horizontal lines should be used.

Amphenol (Cadre). The optimum number of lines is
20 vertical and 15 horizontal, less those in the blanking
interval. This yields an aspect ratio of 4:3 which is the
standard used in the TV industry. With this aspect ratio,
the operator, when making proportioning adjustments,
merely regulates height, width, and linearity controls for
perfect squares over the entire screen. Also, the 20 by 15
line complement provides more vertical lines, thus afford-
ing the operator a greater selection of lines for conver-
gence over the number of lines normally used. The number
of dots for a 20 by 15 line complement would be 300, less
those lost during the blanking interval.

FEico. Long experience has shown that 10 vertical and
about 13 horizontal are the optimum number of lines for
easy convergence. A larger number of lines can cause
optical confusion, while fewer can cause missed raster areas
for poor over-all screen convergence. Once the number of
lines required has been determined, the number of dots is
automatically the product of the number of vertical and
horizontal lines.

Heath. Ten vertical and 14 horizontal visible lines are
the optimum number for adequate convergence. Any more
than this brings the dots or lines too close and causes con-
fusion. The fact that this number of lines is readily avail-
able from a stable sync divider chain makes for economical
design.

Lectrotech. The sole requirement is that there be suf-
ficient information over the total CRT screen area to

December, 1966

properly converge it. Experience has shown that 12 vertical
and 15 horizontal lines are adequate. However, with the
advent of the rectangular CRT, there is some question as to
whether there is enough information in the corners of the
tube to do a proper job. While the above number of lines
is adequate, we suspect that color generators of the future
will at least increase the number of vertical lines to pro-
vide slightly more corner information.

Precise. For convergence, the dots must not be spaced
so close that the technician can accidentally misconverge
the dots of one color onto the adjacent dots of other colors.
Minimum dot spacing must be greater than the maximum
displacement range of the receiver static convergence mag-
nets. The minimum number of lines or dots for dynamic
convergence should be sufficient to provide the necessary
information in all areas of the CRT screen. Five or six lines
horizontally and vertically are sufficient.

A crosshatch pattern dividing the screen area into squares
is optimum for linearity checking as the eye can determine
squareness much more readily than degrees of rectangular-
ity. The optimum number of lines for this pattern is a 12
by 16 array that would provide linearity information at a
glance without a cluttered screen.

RCA. In our opinion, there is no optimum number of
dots or lines.

Seco. Ten horizontal and 10 vertical lines will produce
the desired aspect ratio. This is required for proper linear-
ity adjustment.

Sencore. The optimum number of lines in a generator
is 14 horizontal and 10 vertical. If there are any less, con-
vergence becomes harder. If the number increases, it be-
comes confusing. The same holds true for dots.

What is the optimum size of the
dots and thickness of the lines?

Allied Radio. Thickness is not critical. The important
thing is a well-defined edge for the dot or line. This re-
quires a single scanning line, since sync jitter of adjacent
scan lines in wide horizontal lines will spoil edge definition.

Amphenol (Cadre). Optimum size of dots and lines is
approximately one scanning line in width. The important
criterion is that the pulses creating the lines or dots have
controlled rise and fall times. These times should be such
as to produce good, steep pulses but should not be fast
enough to “ring” or create overshoot in the video amplifiers.
Pulses having one scanning line dimensions produce the
best lines and dots.

Eico. There is no optimum line width or dot size as long
as the leading and trailing edges are sharp. Because some

31



S6'60T _ sak ul | 8 #%e o1 6
| |
S6'60T | o sul | or; 9| 1 6
0S°/8T 4 sak aulf A ST 8 E_ 0T
G668 sak Kispeq | %15 %8 | Y01 €
L = = L0 =
| i .
| oseet sk aulf 0T %9 . %AET| %9
0G'66 ou auy 01 %9 - %ATT| %9
| se6eT _ sek 7 au| 9 %8 . Y01 | %e
05681 |7I seh | auy _ YET. 8 | el o1
i = 7 4 _ [
|
S6'vZT EELN aul g 0T | %6 |#e
|
|
| e - |
0568 s3k aul| Yiv _N\% 01| %19
— — “ - - o . P
05'68T IS aul| €1 %21 | %18 Y«
0966 sk aulf 474 _w\moﬁ_m\mm vy
|
I, =¥ s !
—— sak aull | Y9 7 g .w\moﬁ_w\moﬁ
S6'6ST sak aull 9! g 1T, %8
0S°6¥E ou aul| %81 | %18 ST 9UTT
00°6¥2 ou aull ST 10T . %01 g
0S°'6vS ou auyf ve %8 | %91 | %L
o e b L
S6'%9 ou aulj 0T ¢ €1 %8
| 66'65T h ou 4 aull ¥ %9 VS s
| e | s i |
S6VET 7 sak 7 auif e |%8 | %8 | %z
VI 4 _ -
* w
G6'69T ‘jed Kiazeq
G6'681 DY sk jodu | e ¥ 6 G
S6'68 sak | aull vT %6 A m\mv
_ _
@) syaTm | Co(san | (uy | wn E_v
301¥4d NND EBE DM a | m |

|~ viva ,_<o_w>_._n_

‘131180 u::Om NIE m ¥ pus Uwumuwno ‘0’8 3deoxs Q1-DD SB aumss wm.ﬁ U\u [9POIY » ‘1811IBO SB pasn SI —mc.u_m AL q ‘Play [BO1119A 7| ‘UdaId-ySImO[[a4 am wau ST 0[O0 ‘335 AJ, W01} PIOUAS w

s9k G 'v ‘e sok
ou G'y‘e ou
indino "yt
HIN 05-02 | *H 006 os|e
soA 9-2 sak
ou 9-Z ou
ou +H'c'g ou
ou Ytz oy
ou 'e'eg ou
ou v'e | sek
ou S'v'e s9k
ou gGg'v'‘s ou
sak ou ou
ou gvy'g ou
8k g 'p's sok
ou Jle ou
sak ¥'e ou
sak 9-2 ou
S8A 9-Z sak
sak 9-z sk
sahk IS ou
ou g'v's ou
ou e ou
) 3 i _
sk G '¥'s | sSak
|
A NVHD | ZHWSY)
0mo_> R olany

= INdLNo

T | ¥ T Ok e
auou 4 sok sak | sah sak | S8k sak *uled paje3d GEI-9D
LA 0T
[uou sak saA | soA sok EETS sok *ulet pae3d 9Z1-90
_ ! o1
sieq 3uipeys sak ou | s8k sak Sk sak ‘uted pajes FAAR 28]
vI oT1
suou __ sak sak | sehk | sak Sak sak *ujed pajes 0190
10109 m_o:____ ‘uosippy ‘sAl@ 91e81sapm YInos 92t ‘IJMOIN3S
~ iejsesdesd | — 0 5 I e - B |
“ujed pakayun sak sak | sahk sak Sak Sak *utel pajes 066
|9 6
auou sk sak | sak sak EETN soh ‘ujes pajes 086
| o) 6
lajsed 1eajd ou _ sak | sak sak LETS sak ‘ulet payes 006
02¥SG "uuiy ‘sijodesuuiy “IQ J3A0IQ 'S TOZI “d¥0D SIINOYLDIT3 0I3S
suou | sk ou [sek [ ou | ou | sek [ ures Uwumw _ av9-4M
‘I'N ‘uosiiiey * um yyid YIinos STV ‘vod |
sieq Suipeys | .7I| v | o1 7
‘193sed \_mw_o sak ou | sak sak | sak sak ‘utes pales A 099
AN ‘BjOSUII ‘PuU0D3S ‘T 97 “au| mu_cobm:w_mwo 30 "AIQ mo_zom._bm._m mw_omzn_
gl e i 5T = |
auou % s9A | seh | sak _ mw> sak _ sk _ uret pajes _ 0061
HomHH ‘AN .m_owc_s_ umom uAlsod STE “d¥0D SIINOY¥LIDFTI ANNOHINW
T €1 | ¢t
‘Aeldsip 14D EETY sak _ sok mw> sak sak ‘uled pajes LA
€1 z1
auou sak sak | sak sak _g sak sak ‘uled pajes gA
92909 stoulj|| ‘o3edyd ‘aAy UOA3Q 1S9M TZZT “ONI HOILOHLI31
- — e — —
Quou sak ou | sek sak sak sk ‘ules pajes 099-29
o] 81
auou ou ou S8k sak S9A | sok ePaX1} 299
ST oz |
auou ou _ ou | sak | sak =79 sak JSIN 199
ST 0z uted
auou sak ou | s8k mm> sak sak paje3un 099
o¢
auou sk ou | sak | mm> sak sak JSAN OX9S9
"0 ‘PuUBlaA3|) “aAy juodnag 1G0T ..Oo w._.zm_s_:m._.mz_ ._<o_m._.om._m xov_o__._
sieq Suipeys ou _ ou _ sah _ mw> | wm» | seA ; ‘ulel pajed 29-91
2206¥ ueBIydIN ‘JoqieH uojuag ‘ANVdWOI HLVIH
i iayses Jes|d et o1 B
‘D1iym ewlosyd ou sak | sa8h | soA sak JS.IN 08¢
*A'N ‘Buiysniq “aAy fmm .Ho 1€T oz_ ‘00 hZNS_:z._.wZ_ o_ZOz._.Ou._m Oo_m
- ST | |
auou i sk _ ou _ sok | sak | wm; | s8k _ ‘ules pajes oy 7A
‘Il ‘08ea1y)y ‘“any suleld 3|12g "M T0ST “dio) uedseukq jo ‘AlA A ? 8
~ jop passjusd | [ T T
‘SaU||SSO1D pald} uekd
-ud2 ‘saul| “JaA ST oz | ‘an|q ‘pat
pue ‘zuoy 3|8uis | sak ou | sak | sak | sak | sok apis-Ag-apis 098
‘I ‘maiApeolg “aAy UiGZ 'S 6/8¢ “dio) jousyduy _.>_Q *1S1@ TONIHdNWY
Jayselrdesd | = T &1 1— o moquiel ==
‘a|eas Aeud sak ou | mm> sk S8k pajes G89-94
08909 stouyjjj ‘o3ea1y J>< uIaisam "N 00T “d¥0J 0Iavy a3y 4
o T Nivs [3zis [SaNIT [SANIT [ HOLYH |
| ¥IH10  |ywouHo|ray Thoo NEOLEE Mwwbmlo% s, waaow
== W Omn__> )

ELECTRONICS WORLD

32



technicians prefer a large-size dot or a thick line, while
others prefer a small, fine dot or a very thin line for more
precise convergence, we provide a front-panel line/dot size
control that can produce lines and dots from one scanning
line to several scanning lines in thickness.

Heath. The size of the dot is not nearly as important as
the sharpness of the leading and trailing edges. There is
far less eye fatigue in a dot that might be %-inch square.
If the edges are sharp, it is easier to obtain good conver-
gence with this size dot. We would not accept a dot
smaller than two scanning lines square.

Lectrotech. Correct convergence can only be performed
with a line/dot as thin as possible. The thinnest horizontal
line that can be created is one scanning line wide. The
vertical thickness must then be matched to this to produce
a small dot. If the horizontal line is more than one scan-
ning line wide, additional information will be present on
the screen which can only produce visual confusion, Thick-
er lines and very bright lines can cause defocusing of the
CRT, and the sharp edge with which to evaluate miscon-
vergence will no longer be visible. This is particularly true
of some of the later model color sets, whose high-voltage
regulation is at best marginal.

Precise. We selected a line thickness of two scanning
lines as the optimum choice between line thinness for dy-
namic convergence and dot size large enough for easy
visibility during static convergence. Dots smaller than this
are difficult to use for static convergence because of the
limitations of shadow-mask color CRT’s. When a fine dot
structure is used, it becomes apparent that the displayed
red, blue, and green dots are of different dimensions. This
is understandable when one considers the differing bright-
ness of red, blue, and green required to produce white,
the various phosphor efficiencies, and the electron-beam in-
tensities needed to produce these colors. Spot size is di-
rectly related to electron-beam intensity. It comes as no
surprise that the green dot, with about twice the brightness,
is larger than the red dot. With a very small generated dot,
it is almost impossible to center the red dot over the green
dot during static convergence. Another difficulty is the less-
than-perfect static convergence system currently being used
in color sets. Very small dots, when converged, become
ellipses with the major axis along the axis of action of the
particular color convergence magnet. The visible result is
a lopsided, six-pointed, multi-colored star rather than a
square white dot. Larger dots minimize this difficulty be-
cause these aberrations are fixed in size and become pro-
portionately smaller as dot size is increased. Large dots are
comfortable to use, but the corresponding crosshatch lines
would be too thick. The optimum is a compromise be-
tween the two divergent requirements.

RCA. There is no “best” dot size or line width for con-
vergence adjustments. Veteran technicians have found that
very small dots or thin lines are difficult to use under
average lighting conditions. If receiver brightness is turned
up to overcome this handicap, blooming will result. Proper
convergence cannot be achieved under this abnormal condi-
tion. The dot and line size should be small enough to per-
mit exact, speedy adjustment yet should be large enough
to be useful under average lighting conditions.

Seco. Single scanning line thick horizontal lines and very
fine vertical lines show up misconvergence error clearly.

Sencore. The thickness of the lines and the size of the
dots should be about the same. The lines should be about
two scanning lines thick and the dots about the same
thickness, in both directions. If the lines are any narrower,
convergence is not improved and it becomes difficult to see
the lines.

“€-Table 1. Characteristics of the most popular types of col-
or-bar generators. Note that there are no standard number of
horizontal or vertical lines, which along with other points
are discussed by representative generator manufacturers.
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Color-TV broadcasting uses discrete brightness levels
for each color. Does it make any difference that in
a gated rainbow generator each color is generated at
the black level? Also, in these generators, there is
a slight shift in phase (therefore color) across each
color bar. Is this harmful, or is it unimportant?

Allied Radio. Not all keyed rainbow generators operate
at the black level; some are brightness-keyed. While black-
level generation lends itself to easy oscilloscope display in-
terpretation, brightness-keyed bars come closer to NTSC
standards. With narrow color bars, distortion of the pe-
destals by the receiver circuitry makes the edge-to-edge
phase error negligible. Because of the newer rare-earth
phosphors, CRT’s exhibit less color shift with changing ex-
citation current; therefore, errors in the displayed color hue
at different brightness levels are less.

Amphenol (Cadre). Color bars generated at the black
level will have no effect on color circuit alignment. For
viewing purposes, the color bars will appear better with a
luminance component, but this is not necessary for align-
ment. It is true that in a keyed rainbow generator, the
phase (color) is continuously changing across each bar and
that this prevents extremely accurate alignment. However,
if the TV manufacturer’s alignment procedure is followed
closely and his waveforms duplicated, reasonably good
alignment accuracy can be attained.

Eico. While it is true that gated rainbow generators
produce a non-standard color signal with the color shifting
across the width of each color bar and that these color bars
have no standard luminance components, these generators
are fine as long as they are used only for relatively broad
alignment in the customer’s home. However, when high-
quality alignment is desired and when an accurate source
of R—Y, B—Y, I, and Q signals are required for proper
chroma alignment, then an NTSC generator must be used.
We decided to make available a low-priced NTSC generator
because we feel that best color alignment can only be
made with a signal that is identical to that being transmit-
ted by the color-TV broadcasting station. No experienced
technicians would think of aligning an FM-stereo unit
without a source of FCC-type stereo signals and expect to
get the best results; therefore, why shouldn’t he have access
to an NTSC generator to get the best results from an ex-
pensive color-TV set?

Heath. A keyed rainbow generator is entirely adequate
for service-type color instruments. The fact that the phase
angle of the signal changes across each color bar is of little
consequence, nor is it important that the color bar is gen-
erated at the black level. These are not inefficiencies in the
generator, as adequate alignment procedures using this type
of signal have been written and produce excellent color
rendition.

Lectrotech. The fact that a color bar is generated at the
black level is not very important, since additional brightness
can be introduced with the set’s brightness control. The
keyed rainbow pattern is satisfactory, even though the
phase angle of the signal changes across a color bar. A
vector display indicator can be used to eliminate the error
caused by this change.

Precise. A keyed rainbow generator produces more
usable information with simple circuitry than any other
color signal generator. The phase shift across the bar
appears to be of minor significance and only in the visual
display. Tt is of no significance when an oscilloscope is
used to check receiver phasing. Some designers claim that
color bars should not be on pedestals, apparently because
the pedestal adds a luminance component to the signal.
This is of no importance in the receiver chroma circuits be-
cause the luminance information is removed from the sig-

(Continued on page 67)
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Chroma Circuits in
Color TV: Sylvania

By WALTER H. BUCHSBAUM

A high-level color demodulator, a combined high-voltage regulator
and automatic picture width control, and a transistor noise gate
are features of this new 19-inch rectangular-tube color-TV set.

first recent color set that is operated from the power

line without a power transformer. To provide the
necessary “B-" voltage, the Model DO3-2 uses a conven-
tional voltage doubler as well as an additional rectifier for
the —140 volt supply. For the 4450 volts required by the
picture-tube screen grids, the conventional boost voltage
from the horizontal flyback circuit is boosted again by means
of an additional diode. All tube filaments are in series, with
the picture-tube obtaining its voltage from a small trans-
former.

Degaussing coils are connected across the thermistor
which is in series with the a.c. power line. The three-gun
shadow-mask color picture tube (RE19FMP22)} has a rec-
tangular envelope, 90° deflection angle, and rare-earth
phosphors. This picture tube requires 22 kV on the ultor
and approximately 5 kV on the focusing element. The ultor
voltage is obtained through a 3A3 rectifier in the fyback

THE Sylvania Model DO3-2 color-TV receiver is the

circuit, while the focus voltage is obtained from a silicon
rectifier connected to the plate of the horizontal output tube.

Since the receiver consists of only 16 tubes and 17 di-
odes, dual-purpose tubes and circuit simplifications are
employed wherever possible. The i.f. section, for example,
uses only two tubes. A quadrature detector and single au-
dio output stage are preceded by a single tetrode amplifier.
The triode portion of the sound amplifier acts as a keyed
a.g.c. tube. This means that the printed-circuit board con-
taining the if. and the audio section has only five vacuum
tubes. The horizontal output tube, high-voltage rectifier,
and damper are mounted in the high-voltage compartment,
while the remaining eight tubes are all contained on the
second printed-circuit board.

Most of the circuits in the Sylvania Model DO3-2 will be
familiar to the reader either from previously described
color-TV receivers or from widely used black-and-white
sets. The convergence section, for example, is almost iden-

Fig. 1. In the high-level color demodulator, the color subcarrier is injected at the cathode and the sync ot the grids.
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Fig. 2. Phase diagram for the generation of the G-Y signal.

tical to that found in the new RCA color receiver models.

The color synchronizing section is essentially the same
as that used in some Sylvania and RCA receivers. A dual-
diode phase detector, a reactance control tube, and a crys-
tal-controlled oscillator perform the function of comparing
the locally generated color sync signal with the incoming
color sync burst. However, considerable circuit innovation
is found in the color demodulator and matrixing section of
this color receiver.

Color Demodulator

The receiver uses a high-level pentode color demodula-
tor, the circuitry of which, in simplified form, is shown in
Fig. 1. Two pentode sections (V1 and V3) are used to
directly demodulate the red and blue color-difference sig-
nals. Although the amplitude of the input video signal is
relatively low, the gain available in each pentode provides
output signals that are sufficiently large to directly drive
the control grids of the picture tube.

The 3.58-MHz color subcarrier signal is amplified in

SOUND DET.
IN295

chroma amplifier V4; then it is coupled through T1 to the
common cathodes of the two demodulators. The color gain
control is a potentiometer in the cathode of the chroma
amplifier. Transformer T'1 acts as a step-down transformer,
since the input impedance to the demodulator cathodes is
considerably lower than the output impedance of the chroma
amplifier. Chroma amplifier V4 has its control grid d.c.-
connected to the color-killer bias circuit, an arrangement
which is common in most color receivers.

With the chroma video signal present at the cathode of
the demodulator, the color sync signal is applied at the
control grid. Note that in the circuit of Fig. 1, each of the
two control grids is returned to ground through a diode
and resistors R1 and R2. This circuit clips the positive sync
pulses and sets up a d.c. bias level for each demodulator.
The color sync signal itself comes from the oscillator
through transformer T2 and has its 90° phase shift provided
by the combined action of L1, C1, and R3. At the plate of
each of the demodulators, the respective color difference
signal (R—Y or B—Y) appears, Network L2 and C2, as
well as L3 and C3, are filters which remove the 3.58-MHz
subcarrier component from the video signal. The remaining
video peaking coils (L4, L5, L6, and L7) are used to pro-
vide the required video bandwidth. Capacitors C4 and C5
improve the low-frequency response of the two demodula-
tors.

To obtain the green color-differ- (Continued on page 80)
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Cryogenic Liquid Level Controls

By WALTER W. SCHOPP

University of California, Lawrence Radiation Lab.

Electronic controls are taking the place of mechanical
devices to regulate the coldest liquids known to man.

level control. The device that controls the valve in

the automatic washing machine and keeps the hot
water from spilling over the floor is a liquid level control.
So is the float valve in the bathroom water closet. When the
liquid being controlled is water at room temperature, a
float valve is usually sufficient, When the temperature of the
liquid is below —321° Fahrenheit, using the float-valve ap-
proach leads to problems. Moisture from the surrounding
air freezes on moving parts, eventually encasing the mecha-
nism in ice. Condensation moisture trapped in a small
crevice and frozen and thawed many times can exert great
pressure on anything periodically immersed in this liquid.
These were some of the problems that had to be surmount-
ed by electronic cryogenic liquid level controls.

The control circuits to be described were developed for
use at —321° F with liquid nitrogen, which is one of the
most commonly encountered cryogenic fluids. Control cir-
cuits for other cryogenic fluids operating at different tem-
peratures would be similar, although some changes in cir-
cuit components might be necessary. An understanding of
the pros and cons of these basic control circuits can aid any
technician whose work involves industrial electronic con-
trols.

The uses of liquid nitrogen vary from quick-freezing of
fruits and vegetables to heat-treating razor blades. Liquid

’.LMOST everyone is familiar with some sort of liquid
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nitrogen is also useful in biology as a blood preservative and
in medicine for treatment of skin disease. It is often impera-
tive that reservoirs of this super-cool fluid be maintained at
a constant level. The liquid level control must sense a drop
in the surface level of the liquid in the reservoir and re-
place the liquid that has evaporated. Sophisticated models
add a timer to fill the reservoir for a predetermined period,
raising the liquid level above the sensing device and thus
cutting down the number of times that the control unit
cycles. The transfer pipes have to be cooled less frequently,
conserving liquid consumption somewhat. Other models
use an upper and lower sensing device and maintain the
level of the liquid between these two points. Variations
in models and modes of operation are as numerous as the
types and sizes of the reservoirs that are available.

Early Control Methods

TMustrated in Fig. 1 is one of the early methods of liquid
nitrogen level control. Consisting of a metal bulb and capil-
lary tubing, this control is classed as electro-mechanical.
The bulb, capillary tubing, and diaphragm housing contain
a refrigeration gas. As the liquid in the reservoir drops, ex-
posing the bulb, the gas inside warms and expands. This
expansion exerts pressure through the capillary tube on the
diaphragm, pushing the sensitive switch closed. Closing the
switch activates a solenoid valve in the transfer line, allow-
ing the crvogenic fluid to enter the reservoir from the sup-
ply. As the liquid again covers the bulb, the gas in the bulb
condenses, relieving the pressure on the diaphragm. This
opens the switch and closes the valve from the liquid supply.

Operation was simple and effective for many vears until
deeper and deeper reservoirs began to be used. This re-
vealed a certain problem: the undisturbed layer of nitrogen
gas just above the liquid surface was found to be only a few
degrees warmer than the liquid itself. So cold was this lay-
er of gas that unless a sizable amount of heat from the
room crept down the capillary tubing and helped warm the

Fig. 3. Balanced thyratron type of liquid level control.
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bulb, the control would not turn on until the reservoir was
completely dry. One solution was to use an electric heater
surrounding the sensor bulb, since the ability of liquid to
carry away heat is much greater than that of gas. However,
the use of a heater around an already bulky gas sensor bulb
was not a desirable solution.

Balanced Bridge Circuit

At this point, electronics made its debut in this feld.
Why not use a balanced bridge circuit with one leg of the
bridge submerged in liquid nitrogen as the sensor (Fig. 2)?

It is well known that carbon-composition resistors exhibit
large increases in resistance when exposed to these low tem-
peratures. If a low-wattage resistor were used as a sensor
and operated close to its maximum heat dissipation limits,
it would have its own built-in heater. Placed in the bridge
circuit and immersed in liquid nitrogen, its resistance would
increase to a higher than normal value. The circuit could
then be balanced under these conditions by variable resis-
tor R until no voltage appears across balance points A and
B. As the liquid level drops and exposes the sensor, the in-
ternal heat quickly returns the resistance to its nominal
value. This unbalances the bridge circuit and indicates on
the meter that the liquid level has dropped below the sensor.

The balanced bridge circuit was further improved by the
modification shown in Fig. 3. Here the balanced thyratron
circuit directly operates a load relay when the balance be-
tween the balance potentiometer and the warming sensor
resistor is upset.

The bridge circuit was a simple approach to a compli-
cated problem. It overcame the cold sensor difficulty and
distinguished positively between liquid and gas in the deep-
est reservoirs. However, all was not yet well as a new prob-
lem was introduced.

Small changes in applied voltage do not upset a normal
bridge circuit in balance. All the voltages across all the legs
increase or decrease uniformly and the net result across the
balance point is zero. In the cryogenic version of this bal-
anced bridge, however, a slight rise in applied voltage re-
sults in more internal heat being applied to the sensor re-
sistor, driving the resistance down in this leg while not ad-
versely changing the resistance of the other legs of the cir-
cuit. This unbalances the circuit and usually results in
a large container of liquid nitrogen being dumped on the
floor while the reservoir goes dry.

Still another problem was discovered with the circuit. If
the sensor resistor was out of the liquid for a prolonged
time, the value of the resistor would change slightly due to
overheating; thus, when the liquid level was restored and
the sensor was again cooled, the circuit would not retwn
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to balance. A constant voltage source and close scrutiny
would cure most of the ills of this circuit.

Ultrasonic & Transformer Controls

Ultrasonic gaging devices have been applied successtully
to the level control of cryogenic liquids (Fig. 4). Applica-
tion is similar to sonar principles. The surface level is deter-
mined on a readout device by the time differential be-
tween the transmitted pulse and the received echo. How-
ever, complex circuitry makes the cost very high. As the
transducer is an integral part of the reservoir, versatility is
not an attribute, although the system is quite reliable.

Another innovation is the variable-transformer level con-
trol. The sensor element consists of a bellows that houses
a variable transformer. As the bellows expands and con-
tracts from the liquid temperature, the inductance change
due to the core movement is read with the circuit shown in
Fig. 5.

The circuit in Fig. 6 illustrates how the transformer sen-
sor can be incorporated into a transmitting level indicator.
Changing frequency directly with the bellows tempcrature,
this circuit can transmit level indications to a remote loca-
tion. This control suffers the same ills as the gas-bulb sensor
inasmuch as no external heat is provided.

Optical Techniques

The optical liquid level detector shown in TFig. 7 also
deserves consideration. This novel approach uses light pipes
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and a photocell along with a light source and associated
circuitry. The sensing device in this system is a small glass
prism. When this prism is dry or out of the liquid, light
from the lamp travels down one light pipe, reflects off the
two 90° prism surfaces A and B, and moves back up the
other light pipe to the photocell. When the sensor prism
is wet, the new light path is into the liquid towards point
C, since the two wet prism surfaces lose their ability to re-
flect due to the similarity in the refractive indices of the
glass and liquid nitrogen. The resulting resistance change of
the photocell caused by the light variations is read on the
balanced bridge.

A problem with this type of sensor is that it becomes er-
ratic due to splashing and vapor created during the liquid
transfer cycle. This deposits enough liquid on the optical
surfaces to falsely indicate that the sensor is immersed in
liquid, which prematurely stops the liquid transfer and
causes short cycling.

A definite need existed for a control that possessed the
reliability of the gas-bulb sensor in a shallow reservoir and
the selectivity of the internally heated sensor, without the
voltage sensitivity of the cryvogenic version of the bridge cir-
cuit or the troublesome resistance drift. Economy was also
desired, which ruled out ultrasonic devices. What was real-
ly needed was a liquid level control that removed the heat
from the sensor while it was out of the liquid but would
stand by to apply it quickly as the sensor was immersed
in liquid and the heat was required.

Electronic Methods

Shown iu Fig. 8 is a simplified circuit illustrating a new
concept of electronic liquid nitrogen level control. The basic
circuit consists of a load resistance (R2), a switch, and a
vesistor iepresenting the sensor (R1); also shown is a volt-
age source. 1f the load has a high positive temperature
coeflicient. when the switch is open, most of the voltage
appears across the comparatively high resistance of sensor re-
sistor R1. As the switch is closed, the full voltage now ap-
pears across the load resistance, while the heat-creating cur-
rent is bypassed by the switch. This was the exact opera-
tion desired and the silicon con-  (Continued on page 74)

Fig. 10. A.c. static switch modified for liquid level control.
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ELECTRONIC METAL LOCATORS

Basic Types and Design Factors

Here is a rundown on what’s available for the non-military
user. Comparative characteristics and performance of the beat-
frequency, induction-balance, and transmitter-receiver types.

By DONALD E. LANCASTER

family of underground metal locators. These light-

weight, sensitive instruments are designed as non-in-
dustrial “sport” types, aimed mainly at the mineral pros-
pector, the beaclicomber, and the treasure hunter. Today
the outdoor adventurer has a choice of fifty different in-
struments available from a dozen firms, varying in price
from a few dollars up to specialized thousand-dollar under-
water models, with many versions doubling as effective pipe
and Dburied wire locators. Industrial models operate on the
same basic principles.

Although there are several basic detector types, they all
share several common design principles. Obvious goals of a
locator are a high sensitivity to very small objects, deep
penetration, and the sharp discrimination of the object out-
line. No basic detector type can possibly meet all three
goals, since each must emphasize one particular factor.

ri[ﬂ HE advancing electronic art has made possible a new

Basic Operating Principles

All electronic locators have a transmitter used to illumi-
nate a desired area and a second circuit to interpret any
changes in that illumination caused by
the presence of metal. Loop antennas
are often used to couple the signals to
and from the earth due to their small
size and exactly predictable field pat-
terns.

There are several effects a metal tar-
get will have if brought near a loop an-
tenna. First, the inductance of the loop
will change. If the metal is iron, the
inductance will increase, just as an iron
core increases the inductance of an air-
core coil. If the metal is non-magnetic,
it will decrease the inductance, just as
a brass core is often used to decrease
the inductance of an r.f. tuning coil.
Secondly, the metal will distort the
normallv predictable field pattern of
the antenma. This distortion may then
be sensed by electronic means.

Finally, the metal will receive the
transmitted signal and rebroadecast or
reflect it from its own location, just as
a radar illuminates a target which in
turn rebroadcasts or reflects energy to
a receiver.

Beat-frequency metal
locator is shown here,
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The mathematics behind loop-antenna operation reveals
two energy terms, an inductive coupling term and a resis-
tive coupling term. Both terms are of equal importance
one-sixth of a wavelength away from the loop, but for closer
distances, the inductive term is much stronger. This is the
case with practically all electronic locators, and the design
of a Jocator may then use such inductive concepts as mu-
tual inductance and loosely coupled transformers for math-
ematical analysis.

The basic laws behind inductive coupling dramatically
illustrate why metal location over any appreciable distance
is a major design problem, and painfully show why the
performance of simple experimental locator circuits is often
highly disappointing. It turns out that the received signal
produced by an inductively coupled target will normal]y be
proportional to the cube of the target diameter and inverse-
lv proportional to the sixth power ‘of the target depth, neg-
lectmg the effects of terrestrial attenuation. A one-inch diam-
eter target will produce only 1/64th the signal of a similar
four-inch-diameter target at the same depth; a target four
feet deep will only produce 1/4096th the response of an
identical one-foot-deep target.

It is possible to obtaln deep pene-
tration by careful control of the loop-
antenna field patterns, but a drastic re-
duction in small-object detectability
must inevitably accompany such a de-
sign.

Operating Frequencies

The round-trip inductive coupling
between a target and an antenna in air
increases as the square of the operating
freqquency, while the terrestrial absorp-
tion becomes worse as the square root
of frequency. Changing from an oper-
ating frequency of 10 kHz to one of 1
MHz will increase the received signal
by a factor of 10,000, but the terrestrial
absorption will simultaneously become
ten times worse. The highest possible
operating frequency that will still allow
penetration to the desired depth with-
out excessive attenuation should always
be used.

Terrestrial attenuation is highly de-
pendent upon the resistivity of the earth
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Fre%iaetncy I%%Tgﬁlgg Trsgzgxlszr Underwater
AZLE DISTRIBUTING CO., 141 Lynn Drive, Azle, Texas X
DETECTRON CO., Box 234, San Gabriel, Calif. X X
D-TEX ELECTRONICS, Box 246, Garland, Texas X
FISCHER RESEARCH LABS., 1961 University Ave., Palo Alto, Calif. X X X
GARDINER ELECTRONICS, 4729 N. 7th Ave., Phoenix, Ariz. X X X
GEOFINDER CORPORATION, Box 37, Lakewood, Calif. X X
GOLDAK CO., 1542 Glen Oaks Blvd., Glendale, Calif. X X X X
IGWT ASSOCIATES, Williamsburg, N. M. X
METROTECH, INC., 670 National Ave., Mountain View, Calif. X X
RACOM EQUIPMENT CO., Box 13469, Orlando, Fla. X
RAYSCOPE CO., Box 1715, North Hollywood, Calif. X X X
RELCO INDUSTRIES, Box 10563, Houston 18, Texas X
SHARPE INSTRUMENTS INC., 967 Maryvale Drive, Buffalo, N. Y. X
STATES ELECTRONICS CORP., 96 Gold St., New York, N. Y. X
UNDERGROUND EXPLORATIONS, Box 793, Menlo Park, Calif. X X X
WHITES ELECTRONICS, 1011 Pleasant Valley, Sweethome, Oreg. X X

Table 1. Manufacturers of metal locators for sport use, with types available from each firm indicated.

and its moisture content, but as a worst-case rule-of-thumb
for normal soils, rock, and sands, attenuation values are
around 0.1 decibel per foot at 10 kHz, 1.0 decibel per foot
at 1 MHz, and 10 decibels per foot at 100 MHz. These are
one-way values. An eight-foot-deep target will have 16 deci-
bels of terrestrial attenuation added to its normal sixth-order
drop-off with depth at 1 MHz. Some soils will make the at-
tenuation somewhat less than expected at high frequencies
due to a high dielectric constant which acts as a “bypass
capacitor” to allow the high-frequency energy to traverse a
lossy medium more freely.

Ordinary river water actually has less attenuation than
most soils, and the problem in fresh-water locator opera-
tion is primarily one of waterproofing and sealing the cir-
cuitry. Such is not the case with sea water, salt lakes, and
brackish swamps, for salt water is both highly conductive
and moderately corrosive, requiring specialized detector de-
signs that ordinarily make use of very low operating fre-
quencies.

Most commercial non-aquatic instruments operate in the
50-kHz to 2-MHz region, with newer
designs favoring the higher frequencies,
particularly where high resolution to
small objects is an important considera-
tion.

Beat-Frequency Locator

This is the oldest type and often the
simplest to manufacture. The beat-fre-
quency metal locator is characterized
by low cost, good sensitivity to relative-
ly small objects, and very limited depth
penetration. It is favored by beach-
combers and coin collectors but is of
little or no practical value in the loca-
tion of pipes, mineral veins, or other
deeply buried objects.

The change in loop inductance in
the presence of a buried target is the
basic principle of operation. Two simi-
lar r.f. oscillators are used, one an ad-
justable reference oscillator and a sec-
ond that uses a search loop as part of
its frequency-determining tank. The
outputs of the two oscillators are mixed
together and the difference frequency
is amplified and fed to a speaker, head-
phones, or a meter. The block diagram
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Induction-balance locator uses
a more elaborate search loop.

of the basic beat-frequency detector system is illustrated in
Fig. 1.

In operation, the reference oscillator is adjusted to a few
hertz lower in frequency than the loop oscillator, producing
a deep growl in the speaker. If the search loop nears a mag-
netic conductor, the loop’s inductance goes up which slight-
ly lowers the frequency of the loop oscillator. This in turn
lowers the difference between the two oscillators, and the
audio tone drops in pitch accordingly. A non-magnetic con-
ductor does just the opposite—it lowers the loop inductance,
raises the loop oscillator frequency, and raises the pitch of
the difference note. The beat-frequency locator can then dis-
criminate between magnetic and non-magnetic conductors
by the decrease or increase in pitch of the audio note pro-
duced as a target is detected.

The size of the search loop will determine the depth
penetration and the small-object resolution. The larger the
loop, the deeper the penetration, and the larger an object
has to be to produce detection. As an example, a target
1/10th the diameter of the search loop at very shallow
depths will produce a mutual induc-
tance of roughly 1/1000th the self-in-
ductance of the loop, since the mutual
inductance between loop and target
varies as the cube of the target diam-
eter. An inductance change of 1 part
in 1000 will produce a frequency change
of 1 part in 2000. In the case of a 100-
kHz locator, this corresponds to a 50-
Hz shift in audio output. If the search
loop were ten inches in diameter, this
would correspond to a one-inch diam-
eter target.

Although simple in principle, there
are many headaches involved in the de-
sign of a quality beat-frequency loca-
tor. The oscillators must be very stable,
drifting no more than a few hertz per
minute; otherwise the instrument must
be continuously adjusted. The oscilla-
tors cannot be crystal-stabilized, for the
tiny inductance changes produced in
the search loop would be unable to pull
a high-“Q” crystal oscillator even a few
hertz. :

A second problem is pulling and
phase-locking. Two r.f. oscillators at
nearly the same frequency will attempt

ELECTRONICS WORLD



In this transmitter-receiver
metal locator, vertical loop
behind user is connected to
transmitter, while the hori-
zontal loop goes fo receiver.
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Fig. 1. Block diagram of the beat-frequency metal locator.
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to synchronize each other. This readily occurs if any energy
from one oscillator is allowed to reach the other, either by
direct radiation or through common supply impedances.
Since both oscillators must meet at the mixer, the mixer
stage represents a critical design area. High-impedance,
non-pulling inputs are required at this point, along with
careful shielding and supply decoupling.

One interesting way to avoid the phase-locking problem
entirely is to use a conventional AM radio as a mixer and
detector, using the reference frequency of a local AM sta-
tion as a transfer oscillator. Some commercial models carry
this to an extreme; they are simply oscillator attachments
that clip onto a transistor radio. Although attractive in prin-
ciple, many compromises are often involved, not the least
of which is finding a strong AM station in many areas where
such a locator would be used.

Another major problem is that of stray capacitance to
ground. Any change in capacitance seen by the loop as-
sembly will also change the loop oscillator’s frequency. This
could be caused by varying instrument height, the motion
of the operator, or foliage effects. One method of minimiz-
ing capacitance effects is to use single-turn loops, which re-
sult in a very high C to L ratio and a large amount of fixed
capacitance shunting the loop. A second method is to use an
electrostatic Faraday shield which prevents any external
stray capacitance from having any effect upon the loop res-
onance. A slot must be placed in the shield in order to pre-
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vent the shield from acting as a shorted turu and severely
lowering the “Q” of the search-loop assembly that is em-

ployed.

Induction-Balance Locator

This is a more sophisticated instrument of better sensitivi-

tor to discriminate between conductive metallic targets and
magnetic minerals such as black sand or soils with a high
iron-ore content. This allows the locator to see through the
remanent magnetism of the soil, greatly enhancing the sen-
sitivity to marginal targets.

These techniques are accomplished by using the phase

ty and resolution. Depth penetration is better, vet still some-
what limited, and an excellent sensitivity to tiny metallic
objects can often be obtained. Fig. 2 shows a typical block
diagram. Three loop antennas are used, stacked vertically
within the same search-head assembly. The top and bottom
loops are connected to an r.f. oscillator; the middle one is
connected to a sensitive r.f. amplifier. The two transmitting
loops are fed out-of-phase. Under no-target conditions, their
induced voltages very nearly cancel each other in the re-
ceiving loop, resulting in very little net induced receiver
voltage. The presence of a target below the bottom loop
will upset the balanced induced voltages and produce a sig-
nal in the receiving loop. This unbalance signal is then am-
plified and appears as an output.

information in the received signal. The receiver and trans-
mitter are inductively loose-coupled, so there will be a 90°
phase difference between the receiver voltage and the trans-
mitter current. A conductive target will be inductively cou-
pled twice, once from transmitter to target and once from
target to receiver, so the receiver unbalance voltage due to
a target will be phase-shifted twice 90°, or 180°.

Magnetic sands and remanent magnetism in soils will
simply increase and distort the inductive coupling without
introducing a resistive (180°) component. Thus, there will
be a 90° phase difference at the receiver between conduc-
tive targets on the one hand and magnetic soils on the

other hand.

The design problems here are entirely different from
those of the beat-frequency locator. Mechanical stability of
the search head is very important, for the loops must be
perfectly planar. Temperature and stress can produce
breathing of the loops, which can upset the induction bal-

ance. No metallic fasteners should be used on the search

head, and a minimum of metallic parts of any kind in the
vicinity of the search head is highly desirable. A stable
transmitter frequency, unaffected by search-head stray ca-
pacitance, is mandatory. In the more sophisticated designs,
all circuitry must also be phase-stable and drift-free, par-
ticularly with respect to temperature or battery voltage.

Since modulating the r.f. source presents balancing prob-

lems, c.w. oscillators are normally used whose detected-tar-

get output voltage will be d.c. This output may be used to

deflect a meter or power an integrated sonic module. An-
other alternative is to form an audio beat note with a

second oscillator and mixer tuned to 1 kHz or so away

from the main transmitter. The beat note will have its

amplitude proportional to target unbalance and can be
amplified to power a loudspeaker or a pair of headphones.
Such an alternate system is shown in Fig. 3.

Target Discrimination

Some fancy techniques allow the induction-balance loca-

To discriminate between the two, two demodulators (de-
tectors) are used, both of which are synchronized to the
transmitted signal. An “in-phase” (180°) demodulator will
detect only the return from conductive targets, while a
“quadrature” (90°) demodulator will detect only magnetic
minerals. A “Metal-Mineral” selector switch is used to route
the desired output to the indicators. Fig. 4 shows a block
diagram of this type of locator.

Automatic Drift Correction

The induction-balance locator can also be made to auto-
matically correct its own unbalance due to loop breathing,
ground effects, and varying instrument height. Feedback
techniques are used. The output of each phase detector is
used to control the introduction of just enough in-phase and
quadrature transmitter power of proper polarity to exactly
buck out the unbalance signal at the input to the r.f. ampli-
fier. Enough time delay (integration time) is introduced
into the feedback path to allow the detection of targets.
Otherwise, the target signals would be bucked out with the
mnbalance and no output would ever reach the indicators.
Two to five seconds of delay allows the correction circuitry
to keep up with gradual changes in soil conductivity and
instrument height yet lets the sudden appearance of a tar-
get produce a strong output. One of many possible systems
is outlined in Fig, 5. (Continued on page 62)

Table 2. Comparative characteristics of the basic types of metal locators discussed in accompanying article.

BEAT-FREQUENCY  INDUCTION-BALANCE TRANSMITTER-RECEIVER

UNIQUE FEATURES

{ LOCATOR LOCATOR LOCATOR
Beat-Frequency
'y Locator
s I 1. DEPTH PENETRATION POOR BETTER EXCELLENT
/{f. y Maximum depth at which a
' e~ small object produces a
# P f,f - strong return  ° 1 foot 2 feet 8 feet
/ 2. RESOLUTION GOOD EXCELLENT POOR
f f : Smallest object detect- _ _ Metal nugget or .
| taduction- able at four inches depth Ring or large coin small coin 3” sphere
/ "'.I] Locator
( 3. WEIGHT LIGHTEST HEAVY HEAVIEST
e Typical weight of
C €y commercial models 1-5 pounds 3-15 pounds 9-25 pounds
i
A 4. COST LEAST MODERATE*/HIGHEST" HIGH
; Typical economy $100%
e ) commercial unit $30 $150 $125
it — Typical quality $200°
J FH;T\H commercial unit $80 $350* $225
a —

Transmitter-Receiver
Locator

Can triangulate for
depth indication

Discriminates between Can discriminate be-
tween conductive tar-
getsand magnetic
soils and ores™*

magnetic and non-
magnetic conductors

Non-synchronous
¢ Synchronous 6.
Individual instruments will vary widely from

periormance suggested in this table,

COMMON APPLICATIONS

Pipe tracing
Prospecting

Exploring
Coin finding

Beachcombing. Locat-
ing lost jewelry
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Construction features of 25AP22A color-TV picture tube.

FUNNEL SECTION

BLUE BEAM
GREEN BEAM

PHOSPHOR
DOT SCREEN
(ON INNER
SURFACE OF
FACEPLATE)

The Modern Shadow-Mask
GO]OF'TV T“be By R.K. GESSFORD / Manager, Techr;ical Liaison, Electron Tube Div., Sylvania

Many articles have been written about the improvements in color-TV circuitry.
However, unconsidered by many are the great parallel strides that have been
made to produce a better type of shadow-mask CRT to go with the new circuits.

picture tubes has been greatly improved in the

past fifteen years, the real significant improvements
have occurred within the past six or seven years. The most
important of these will be described in some detail in the
following article.

A lot of space would be required to set down the tremen-
dous strides represented by design improvements over this
period. These innovations include contributions from all
phases of industry, such as chemical, glass, graphic arts,
metal fabrication, and many others, as well as from the
electron-tube design engineers of the electron-tube industry
itself. The industries mentioned have made great progress
in the development of new materials and in the techniques
of processing and applying them.

Now we come to what might be called the modem
shadow-mask color television tube—the wider angle, small-
er (shorter) neck diameter, rectangular screen, rare-earth
phosphor tube.

Probably the best-known visible innovation in this area
was the changeover from the relatively low brightness sul-
phide phosphors to the higher brightness rare-earth types.
However, this change represents only one milestone in the
design of the modern color CRT. Obviously, the vast bulk
of these changes occurred within the glass bulb where they
are out of sight but, without them, color receivers would
suffer. )

The first move in this direction was from 70° to 90° de-
flection and to a 23-inch diagonal, rectangular, small-neck
bulb. The increase in deflection angle from 70° to 90° and
change from round to rectangular shape, though simple in
monochrome, was a major step in color tube progress be-
cause of the completely new problems associated with col-
or tube manufacture as well as color tube use. Much had
to be learned about how to optically print the dot screen

S-LTHOUGH the performance of shadow-mask color

December, 1966

with a light source and lens that came close to duplicating
the trajectory of the electron beam after it had been acted
upon by the neck (sweep) components. This development
was brought about by using, through special handling and
reworking, the bulb originally designed for the 23-inch
monochrome picture tube. This was done because there
was no specific color bulb of the 90° rectangular variety
available. A lot of hard work and sound engineering evalua-
tion went into the development of 90° deflection, smaller-
neck tubes, which incidentally included work on a 21-inch,
90° round tube too.

The rectangular bulb seemed a natural step in the pro-
gression of bulb sizes and shapes, and so the 2l-inch,
round 90° tube was put aside and a 25-inch, 90° rec-
tangular tube with a smaller neck diameter (176 inches
instead of 2 inches) was developed by the glass industry
specifically for use by tube manufacturers. It might be
asked why the first rectangular tube turned out to be a 25-
inch device. This was deliberate, for in order to have the
same vertical height in the picture as the 21-inch, 70° or
90° round tube had, and with the proper aspect ratio, a
rectangular tube with a 25-inch diagonal measurement was
required.

In the normal scheme of things it seemed that there was
also a place for a somewhat smaller color tube, one that
might be put into smaller cabinets and operated at some
reduced anode voltage, yet still perform well. The end re-
sult of deliberation along this line between the tube pro-
ducers and the glass supplier brought forth the 19-inch,
90° rectangular tube, the second rectangular 90° bulb in
the shadow-mask color tube design family.

The next step down in color tube size appeared to be a
15-inch, 90° rectangular tube. At this point, however, con-
sideration was also given to what other benefits might be
offered to the receiver manufacturer through design
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Fig. 1. Example of how etched surface {left) reduces amount
of glare reflected off the front surface of & picture tube.

Fig. 2. [Right) Cathode of a 70°, 21-inch color tube. {Left)
The improved design as used in the latest 90° rectangulars.

changes. It turned out that the use of low-voltage focus
electron-gun structures instead of the high-voltage equipo-
tential-lens type appeared to provide the greatest advantage
to the receiver manufacturer, for it simplified the circuitry
by eliminating the need for a variable high-voltage source
on the order of 4 to 5 kV and substituting a need for only a
—75 to 400 volt source. This new focus characteristic for
the color tube had been used in monochrome tubes for
some time, but putting it into a triple-gun color tube pre-
sented different problems, as will be discussed later in
the article.

Continuing the progression of tube sizes, but going out-
side the family of 25- 19-, and 15-inch rectangular de-
signs, the 1l-inch, 70° rectangular tube appeared. This
tube departed from conventional design and sacrificed some
performance to obtain certain economies and portability.
The departures consisted of a coarser dot screen and a
different phosphor dot arrangement with larger dots. The
circuits associated with the external neck components, and
their adjustments, were simplified. Having three guns in
line rather than the familiar triangular configuration, plus
a low-inductance single-layer toroidal yoke, provided chas-
sis economies.

Next came indications that the industry was interested in
a 21- or 22-inch, 90° size. In line with this, bulbs have
been developed and samples have been released which
otherwise follow the present design family of 25-, 19-, and
15-inch, 90° types. How soon production quantities will be
forthcoming is still dependent upon the tube manufac-
turers’ ability to produce the needed quantities of the earlier
sizes and types.

So much for a thumbnail sketch of the recent moves in
the color tube size story. Now let us go back and examine
the behind-the-scenes side of the modern shadow-mask
color tube and the changes that have taken place in its de-
sign to make it an efficient reproducer of color pictures.

Face Plates

For example, a few years ago when color television start-
ed to take hold, color tubes could be obtained without a
bonded-on cover plate, with a bonded-on cover plate hav-

a4

ing a polished surface, or with a bonded-on cover plate
whose surface was treated to reduce specular reflection.
These different types of finishing touches to the color tube
generally had different type numbers to identify them: for
the unbonded type, 21FBP22; for the bonded-cover type
with polished surface, 21FKP22; and for the bonded-cover
type with treated surface, 21FJ22. This latter type was also
frequently identified by placing thc prefix AR before the
type number to indicate that there was an anti-reflection
finish in the form of a special surface treatment (chemi-
cal etch) on the bonded-on cover plate (for example,
type AR21F]JP22). The innovation of the bonded-on cover
plate, with or without the anti-reflection finish, first came
about on monochrome tubes in 1959. Besides reducing the
hazard of implosion, it also reduced the number of reflec-
tive surfaces as well as the light loss due to the addition-
al surfaces. (See Fig. 1.) The bonded-cover technique also
eliminated the dirt trap between the tube and safety plate
and eliminated the necessity for cleaning those surfaces. In
addition, it provided a means of attaching a usable anti-re-
flection surface assembly close to the screened surface of
the tube to minimize loss of resolution.

More recently, the cover plates, whose glass-transmission
factor was originally standardized in monochrome at 55%,
are being made in 70% as well. The original figure of 55%
was decided upon by the industry as the best compromise
between loss of light and improvement in contrast under
the normal range of ambient or surrounding-light viewing
conditions. The shift to 70% by some receiver manufactur-
ers did not seriously change the contrast, and the increase
in transmission allowed more light from the picture to
pass through which, of course, increased the highlight
brightness level.

Electron Guns

The move from 70° to 90° deflection, brought out in the
25-inch color bulb, called for a considerable change in gun
design and assembly. Tlie smaller gun assembly and neck
diameter allowed a smaller diameter yoke for increased de-
flection power efficiency and also reduced beam separation
in the deflection yoke so that the problems of convergence
caused by the iucreased deflection angle were minimized.
Further, a gun design improvement in the structure of the
triple-gun package was a cup-shaped, one-piece or deep-
drawn cage for the radial pole pieces to increase the accura-
cy of the assembly and provide the uniformity requirements
demanded by the wider angle of the 90° rectangular
types. Another principal advantage was better electro-
static shielding from charges on the neck in the clear areas
opposite the electron guns. These areas tend to collect

Fig. 3. (Left) Flexible lead stem, cemented-on base, as used
in 21-inch round, 2-inch neck, 70° tubes. (Right} The rigid
lead stem for the 17%g-inch neck, 90° rectangular tubes.
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stray electrons and charge up in a non-uniform manner,
thus producing a distorted field in regions where the elec-
tron beam can be affected. The other elements of the guns
were reduced in diameter to allow the triple-gun package
to fit into the smaller neck. The problems of voltage break-
down due to the closer spacing of the elements of the electron
optic system, as well as the compression of the triple-
gun package became more critical and added to the opera-
tions required to control this area. Greater care in alignment
of parts due to the increase in lens aberrations that goes
with the use of smaller diameter gun parts and the use of
tighter tolerance parts and jigs were a must.

Along with all the foregoing changes, completely new
and more effective cathode and heater designs were de-
veloped for the 80° gun. (See Fig. 2.) The cathode struc-
ture was made more efficient by improved mounting and
shielding. Microphonics were reduced and the thermal effi-
ciency of the cathode was improved by about 40%. The
improved mounting of the cathode reduced microphonics
(visual) by cutting down unwanted movement of the
cathode. Early structures used cathodes crimped in ceram-
ics and the crimp was not always tight. In addition, this as-
sembly did not always remain immovable in the control
grid so that, with vibration present, the spacing between
the cathode and the control grid aperture could change.
This would show up as a change in modulation or light out-
put on the screen. The reduction in power input, besides
lowering circuit requirements, had an added advantage in
that it decreased the heat transferred to both the stem
and the gun parts and diminished the movement of gun
parts, which in turn reduced convergence drift.

All of these areas were dealt with and the design changes
and development problems overcome by closer attention to
processing and assembly of parts and high-voltage treat-
ment of the finished tube to provide a product that would
be equivalent to the 70° round tube—one that would give
equal performance and operate under the same conditions
of high voltage and current.

The foregoing only touches on the highlights of the
changes and improvements brought about by the move to
a 90° rectangular tube. All of the attendant tube structure
changes, such as a new rigid-lead wafer stem instead of the
flexible-lead type and a push-on base instead of the ce-
mented-on soldered-lead type (see Fig. 3) helped to re-

Fig. 4. {Left) Low-focus gun for 15-inch tubes. (Center) Typi-
cal flex lead stem. (Right) Gun used in 90° high-focus tubes.
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Fig. 5. The rectangular shadow mask is more difficult to fab-
ricate than a round one because it is unsymmetrical in shape.
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Proportionate size reduction in the progression from a 21-inch
round (left}, 25-inch rectangular (center], and 19-inch rec-
tangular (right) shadow-mask color-TV tube. Besides squaring
off the picture, the new tubes permit use of smaller cabinets.

duce the length of the tube, increased reliability of the
90° tube, and provided receiver manufacturers with a
product performance equivalent to the earlier round 70°
color tube.

In the previous discussion of tube sizes, it was noted that
with the advent of the 15-inch, 90° tube there was a change
from the high-voltage electron-tube focus gun of the equi-
potential-lens variety to the low-voltage electrostatic focus
(Einzel) type lens such as shown in Fig 4. This gives the
circuit designer an advantage, for it eliminates the need for
a separate high-voltage supply required by the high-voltage
electron optical focusing system. The Einzel, or saddle-lens
svstem, is basically a less effective focusing system for it
does not produce as good an electron beam bundle and
therefore makes a larger spot. There is a partially com-
pensating factor due to the shorter tube wherein the
“throw” (optics to screen) distance is reduced. This com-
pensation is present in any shorter tube so that even the
25- or 19-inch unit gains something from this factor. How-
ever, this does not reduce the need for close attention to
the other factors of gun design which play a part in focus
quality, namely, good gun parts, close tolerances on both
parts and jig mandrels (fit), and good alignment.

Along with the benefits of this system appears a prob-
lem that should be mentioned as it affects the ratings of
a low-focus voltage tube, at least for the present. This is
the complication of how to jig and assemble a triple gun of
the low-focus variety with additional and difficult-to-align
elements. Needless to say, the design and condition of the
jigs, the fit and quality of the parts, as well as their align-
ment makes it even more imperative that every attention
be paid to the control of this critical gun assembly opera-
tion to get an acceptable unit. With the move to low-focus
voltage comes an increase in the possibility of high-voltage
breakdown between the low-voltage and high-voltage
elements of the gun. For the present at least, the rating
(final anode maximum voltage) has been reduced to keep
the potential difference between final anode and focus
anode approximately the same as in the high-focvs voltage
gun design. Untortunately, this  (Continued on page 73)
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Author is shown here working on the aircraft transmitter-
receiver unit which employs frequency synthesizer described.

Crystal-Saving
Frequency
Synthesizer

By F. PATTERSON SMITH

Project Engineer, R& D
National Aeronautical Corp.

A novel method of generating many crystal-controlled frequencies
which reduces cost of multiple-channel communications equipment.
The synthesizer’s design, possible FM recetver and CB transceiver
applications, and typical circuit in aircraft equipment are covered.

tented tuning and drift-free operation. Additionally,

it lends itself to remote operation with suitable diode
switching. These features are desirable for many applica-
tions. However, the high cost of a large number of crys-
tals has limited usage primarily to military and industrial
markets. Usually multi-erystal circuits appear only in
consumer equipment when necessary to meet FCC require-
ments.

The system to be described significantly reduces the cost
of crystal-controlled equipment and makes possible new ap-
plications previously considered economically unfeasible. In
addition to the FM broadcast receiver, Citizens Band, and
aviation examnples to be described, other applications might
include v.h.f. and ulhf. TV receivers. This system appears
desirable for any application requiring the user selection of
any one of a number of channels in the same portion of the
frequency spectrum.

CRYSTAL—controlled equipment offers the user de-

How It Works

A single bank of crystals is employed with two oscillators
independently connected to any crystal. One oscillator is
controlled by the crystal's fundamental vibration mode,
while the other is controlled by a desired overtone mode of
the crystal. If, with proper precautions, both oscillators are
connected to the same crystal, this crystal will vibrate
simultaneously and independently in both modes; and the
frequency of one oscillator is essentially independent of the
connection of the other. (Patent No. 310,378)

This system may be used to generate many crystal-con-
trolled signals as shown in Fig. 1. It is assumed that three
crystals are available with third overtone frequencies of
30.0, 30.3, and 30.6 MHz. These same crystals will also os-
cillate in their fundamental mode at about 10.0, 10.1, and
10.2 MHz.

If we are only interested in the sum of these frequencies,
one possible synthesis, it may be seen that nine new fre-
quencies may be obtained when f1 and f3 are mixed and
filtered. The fundamental fl or low-frequency oscillator
(1f.0.) is in 0.1-MHz steps. The overtone or high-frequen-
cy oscillator (h.f.o.) is in 0.3-MHz steps. The synthe-
sizer’s output (fl -+ f3) is nine crystal-controlled frequen-
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cles in equal steps, emploving only a three-crystal bank.
It may be seen that there are many variations available
including subtraction of the individual frequencies gener-

3 CRYSTALS

{1+ 13,

i

Fig. 1. The basic synthesizer along with its output frequencies.

Fig. 2. A 10-crystal synthesizer for FM receiver use. In prac-
tice, overtones may not be precisely related harmonically so
slightly different frequencies from those shown may be used.

88.1-107.9 MHz
STEPS 0.2MHz

98.8-118.6 MHz
STEPS 0.2 MHz

11.77-129.77 MHz
STEPS 2.0MHz

12.977- 11177 MHz
~— STEPS 0.2MHz

55.885-64.885MH2
STEPS L.OMHz
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26.965 -27.255MH el
965 -27.255MH
STEPS 01 kHz 210kHz
RE H.F. HF. LF. R L.F.
o - MIXER 4.71-4.7 7 MHZ i MIXER
31.494 -31.774 MHz 4.529-4.469MHz
[~ STEPS 0.07MHz STEPS 0.01MHz
HF. L.F.
osc. .
(7TH OVERTONE) FUNDAMENTAL
SELECTOR 8-CRYSTAL SELECTOR
SWITCH BANK g SWITCH

Fig. 3. An B-crystal synthesizer designed for a CB transceiver.

cB R.F. L.F.0. Xmtr. H.F.0. Receiver H.F.O.
Channel Frequency (MHz) (MHz) (MHz)
No. (MHZz) (7th Overtone) (7th Overtone)
1 26.965 4.529 31.494 31.284
2 26.975 4.519
3 26.985 4.509
4 27.005 4.489
5 27.015 4.479
6 27.025 4.469 L v
7 27.035 4.529 31.564 31.354
8 27.055 4.509
9 27.065 4.499
10 27.075 4.489
11 27.085 4.479 Y Y
12 27.105 4.529 31.634 31.424
13 27.115 4.519
14 27.125 4.509
15 27.135 4.499
16 27.155 4.479
17 27.165 4.469 Y
18 27.175 4.529 31.704 31.494
19 27.185 4.519
20 27.205 4.499
21 27.215 4.489
22 27.225 4.479 v v
23 27.255 4.519 31.774 31.564

Table 1. Frequencies employed in the 8-crystal circuit of Fig. 3.

ated, use of an overtone mode for the lf.o., frequency mul-
tiplication or division before combining, and even three or
more mode crystal oscillation. This technique of frequen-
¢y synthesis permits operation of the systems to be described.

Past Usage of Synthesizers

Usage of crystal control in the avia-
tion market parallels other fields.
Early equipment utilized one crystal
for each transmitter channel, plus a
variable-tuned receiver. With the in-
crease in communications requirements,
more channels were added. The next
generation of equipment used two crys-
tal banks—one bank in 1.0-MHz steps,
the other in 0.1-MHz steps. When
properly mixed, these became the syn-
thesized signal used in the transmitter.

Later equipment used these same
crystal banks, plus a few more crystals,
to generate the local-oscillator signals
for the accompanying receiver. The
system outlined in this article simply
makes possible the use of a single
crystal bank to generate these same
1.0-MHz and 0.1-MHz steps.

It is recognized that single-crystal
synthesizers are available and offer sig-
nificant advantages especially where
extreme stability and small frequency

December, 1966

Fronf-panel view of the v.h.f. radio navigation and communi-
cations equipment which provides for direct manual selection
of 100 navigation reception channels and 90 communications
channels, all crystal-controlled. Direct-reading dial at the
right is set to frequency of 121.7 MHz. Thumb-wheel dial at
left along with indicator are employed for aircraft navigation.

increments are required. However, the complexity of ob-
taining sufficiently pure signals reliably has prevented their
use in the general aviation market to date.

Some previously proposed systems have utilized the crys-
tal bank twice, but all appear to use essentially the same
frequency for each connected oscillator. With such a sys-
tem, it has not been economically feasible to separate the
frequencies, and excessive spurious components result. With
the large frequency separation existing between the funda-
mental and the overtone modes, however, simple filtering
can readily isolate the desired component.

FM Broadcast Receiver Applications

It appears that this synthesis approach could be applied
to the design of a crystal-controlled receiver for the FM
broadcast band. The direct approach of synthesizing the
same local oscillator signal presently used could be em-
ployed as indicated in Fig. 2. Careful shielding of the syn-
thesizer is required, since the h.f.o. can be close to the re-
ceiver’s image response and harmonics of the l.f.o. may
cause difficulty. Ten crystals are required to select any of
the 100 channels.

An FM receiver employing only eight crystals and a
5-MHz i.f. system may also be designed. Other frequency
choices are possible. If only 98 channels are required, a
seven-crystal synthesizer may be used. The lower (5.0-
MHz) if. system requires good r.f. image rejection and the
channel-selection switching becomes more complex.
this case, the local-oscillator injection is above the signal in

In

Fig. 4. Simplified block diagram of the Narco “Mark [1I*’ oircraft equipment.

RECEIVER
108.0-126.9 MHz
STEPS O.IMHz

. "
190 CHANNELS  pouBLING "lo8-~n7
(NAVIG.)
MIXER 17-MHz H.F. L.F,
RF N HE | L.F. LF. LF.
B > MIXER MIXER | > aomuz [
*———| 9-MHz H.F.IF.
"18-126"
62.77-6T.TTMHZ | (COMM.) 13.54-12.64 MHz
STEPS 0.5MHI A STEPS 0.IMHz
R::R’ SELECTOR| | 15-XTAL SELECTOR LF.
o T .
ose. 1 switcH 8ANK SWITCH 0sC
SELECTOR L 4
SWITCH 131.54-139.54 MHz
t STEPS 1.0MHz
XMTR.
TRANSMITTER H.F.  »—oousLer XMTR.
118.0-126.9 MHz o MIXER
STEPS 0.IMHz osc.
90 CHANNELS

118.0-126.9MHz
STEPS O.IMHz

TRANSMITTER AMPLIFIER CHAIN
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L.F.O. H.F.0.

(FUNDAMENTAL) CRYSTAL (5TH OVERTONE }
c T L

X

(8)

Fig. 5. (A) Simultaneous crystal operation using series circuit.
(B} A high-frequency oscillator employing a series circuit.

the lower half of the band and below the signal in the up-
per. A double-conversion receiver approach may be em-
ployed in order to reduce the shielding requirements.

Citizens Band Applications

A 23-channel Citizens Band transmitter synthesizer may
be designed using six crystals and this same basic teclnique.

The design of an all-channel crystal-controlled, double-
conversion transceiver for Citizens Band is more complex
and many different frequency systems are possible. One
version is shown in block form in Fig. 3 with frequencies
tabulated in Table 1. Eight crystals are employed in this
system. Only seven crystals would be required if channel
23 is omitted. The output low-frequency i.f. is 210 kHz
placing severe selectivity requirements on the high-frequen-
cy i.f. section that would be employed.

Table 2. Frequencies used in the 15-crystal circuit shown in Fig. 4.

L.F.0.
TANK

L.F.O. LA o H.F.0.
{FUNDAMENTAL) T {OVERTONE)
CRYSTAL
ae
(B)

Fig. 6. (A) Low-frequency oscillator series circuit. (B) Simul-
taneous crystal operation by means of shunt circuit is also used.

Aviation Equipment Example

The frequency synthesis used in the new Narco “Mark
III” communication/navigation package for aircraft em-
ploys this single crystal bank principle. A block diagram of
this unit is shown in Fig. 4, with frequencies tabulated in
Table 2.

Note that 190 receiver channels are provided, while the
transmitter covers only the upper 90 channels. To reduce
the number of crystals required by the receiver, a switched
high-frequency i.f. is employed. This h.f. i.f.,, which passes
signals # 500 kHz from center frequency, is tuned to 17
MHz when the receiver frequency selection is 108-117 MHz,
and tuned to 9 MHz when reception is required between
118 and 126 MHz. All the required channels are selectable.
Fifteen crystals are required for this 190-channel receiver
and 90-channel transmitter. Previous designs required 29
crystals for the same receiver trans-
mitter frequency coverage.

HIGH-FREQUENCY OSCILLATORS Cireunit Operation
R.F. CHANNEL Operation of the system is reason-
TRANSMITTER (MHz) RECEIVER ably straightforward when the high-
H.F.0. (MHz) | H.F.0. (MHz) H.F.0. (MHz) | H.F.O. (MHz) | frequency oscillator and low-frequency
(5th Overtone) (Doubled) (5th Overtone) Doubled oscillator are connected to different
108 62.771 125.542 crystals. To provide the necessary func-
109 63.271 126.542 tion of common crystal operation re-
l%cl) gig;% igggiﬁ quires simple LC networks in the
112 64.771 129,542 crystal circuits.
113 65.271 130.542 Several techniques may be employed
114 65.771 131.542 to connect the oscillators to the crystal
Hg gg;;% igggiﬁ bank. One possible version places the
117 67.271 134542 crystal in series between the two oscil-
65.771 131.542 118 63.771 127.542 lators as shown in Fig. 5A.
66.271 132.54% 119 gi;;i igggiﬁ Assuming for the moment that only
66.771 133.54 120 . . : . .
67.271 134.542 121 65.271 130.542 the h.f.o. is connected to a given qusgql,
67.771 135.542 122 65.771 131.542 the circuit will be as shown in Fig. 5B.
68.271 136.542 123 66.271 132.542 This is a capacitively tapped oscillator
68.771 igggfé }gg gg;;i igigjﬁ with the crystal inserted in series with
69.271 : . : the low-impedance cathode lead. The
69.771 139.542 126 67.771 135.542 . peds 5 C
inductance L functions to neutralize
LOW-FREQUENCY OSCILLATORS crystal, stray, and tube (cathode to
R.F. L.F.O. (MHZ) #108-117 MHz" 1118-126 MHz"”" gr()und) Capacitances., insm‘ing frequen—
Channel (MHz) Fundamental H.F. i.f. (MHz2) H.F. i.f. (MHz) cy control on tlhe desln'edhovialf'tone-
Assuming that only the l.f.o. is con-
? :llggjg i;igg 8451-3:5 nected to a given crystal, the (,jirc1‘1it
2 13.342 17.342 9.342 will be as shown in Fig. 6A. This cir-
.3 13.242 17.242 9.242 cuit is similar to the h.f.o. and also
4 13.142 17.142 9-622 operates the crystal in series with the
g :ll%gj_g iggig 2'945 cathode. The inductance L’ neutralizes
7 12.842 16.842 8.842 the sum of capacitor C, crystal, stray,
.8 12.742 16.742 8.742 and tube capacitances. For wide-band
-9 12.642 16.642 8.642 (Continued on page 69)
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We set out to give

you the industry’s
outstanding VOM value.

We scceeded.

Leave it to B & K engineering
know-how to create a Volt-
Ohm-Milliammeter that puts
you a jump ahead of your com-
petition—helps make your job
more rewarding and profitable.
Only B & K Model 120 VOM
offers a 2 ohm center scale,
burnout-proof meter movement,
a polished mirrored scale plus a
total of 61 ranges! Model 120
VOM ranges start lower . . . and
go higher than other instruments
of similar size and type, making
transistor servicing far easier, It's

true. B&K brings you the indus-
try’s outstanding VOM value—
Model 120 VOM, and prices it
right! Only $51.95, net.

BT

Division of Dynascan Corporation
1801 W. Belle Plaine
Chicago, llinois 60613

Canada: Atlas Radio Corp., Toronto, Ont.
Export: Empire Exporters, 123 Grand St., New York 13, U.S.A,

And we succeeded with our VTVM, too.

Only the B &K Model 175 VTVM
has a built-in battery eliminator
—no ohmmeter battery re-
quired! B & K Model 175 fea-
tures Transit-Carry — reducing
possibility of a bent meter in-
dicator. In addition, B&K built
into this VTVM a totally reliable
protection system. The meter
movement cannot be damaged
from application of a wrong in-

put voltage. Looking for the in-
dustry’s outstanding value in
VTVM application? Look to B&K
Model 175, only $59.95, net.

B

Where Electronic Innovation
Is A Way Of Life

CIRCLE NO. 124 ON READER SERVICE CARD




Build One Of These Famous
HARMONY - By- HEATHKIT® Guitars

In One Evening - No Woodworking!

... Build The New HEATHKIT® 4

Guitar Amplifier In 8-10 Hours!

Save Up To $279!

No Special Skills Or Knowledge Needed

Now you can save up to $109.55 on a famous
American-made Harmony electric guitar —
plus another $170 on the new Heathkit tran-
sistor guitar amplifier — by assembling them
yourself the easy Heathkit way.

And all you need are some ordinary tools and
a few spare-time hours ... no technical skills
or knowledge are required. The famous Heath-
kit instructions (so simple a child can under-
stand) and giant pictorials guide you every
step of the way. Nothing is left to chance.

You'll have your guitar kit finished in one
evening. To give you a head start, all the wood
parts are preassembled, finished and buffed at
the Harmony factory. You just mount the trim
parts, pickups and controls in the pre-drilled
holes and install the strings. All woodwork
and mechanical parts guaranteed a full year.

Each guitar kit includes a handsome chipboard
carrying case with plush lining, instruction
book, tuning record, pick, connecting cord,
and a cushioned leather neck strap.

The guitar amplifier kit will probably take you
a couple of evenings. Only one small circuit
board to wire (don’t worry about soldering,
the Heathkit manual shows you exactly how),
plus a few parts to mount on the chassis, and
two speakers, controls and switches to install.
The cabinet is already prebuilt and finished.
It’s easy fun.

@ $300 Value!

T

$329.50 Value!

52?"995

Full Details FREE — Liberal Credit Terms
Compare the features of each kit. For com-
plete details, plus information on the con-
venient Heath Time-Payment plan send for
the FREE Heathkit Catalog. Simply write
Heath Company, Benton Harbor, Michigan
49022,

[A] Deluxe Transistor Guitar Amplifier Kit ...
All The Features Guitarists Want Most. e 60
watts peak power — maximum power from
Fail-Safe output circuit e Two channels —
one for accompaniment, accordian, organ or
mike, — the other for special effects with both
variable reverb and tremolo e 2 inputs per
channel e Two foot switches for hands-free
control of tremolo & reverb e Two special
design 127 heavy-duty speakers e Line bypass
reversing switch for hum reduction ¢ 28” W
x 97 D x 19”7 H leather-textured black vinyl
cabinet of ¥%” stock e Extruded aluminum
front panel

Kit TA-16, 44 Ibs...Save $170. ... Only $129.95

Deluxe Hollow Body Electric Guitar ...
Three Golden Tone Pickups ... Flat Wound
Strings e Double-cutaway style for easy finger-
ing of all frets e Ultra-slim fingerboard—24%"
scale e Ultra-slim, “‘uniform-feel” neck with
adjustable Torque-Lok reinforcing rod e 3
pickups with individually adjustable pole-
pieces under each string for emphasis and bal-
ance e 3 silent switches select 7 pickup com-
binations e 6 controls for tone and volume o

@ $158.50 Value!

119%°

@

59 995

|

Professional Bigsby vibrato tail-piece e Curly
maple arched body with “F” holes — 2” rim —
shaded cherry red e Engraved headpiece,
matching pick guard

Kit TG-46, 17 lbs.. .Save $109.55..Only $219.95

) “Rocket”” Hollow Body Electric Guitar . ..
Two Golden Tone Pickups e Single cut-away
style for easy fingering e Ultra-slim fingerboard
... 244" scale for easy chording e Ultra-
slim neck, Torque-Lok steel rod reinforced
e 2 pickups with individually adjustable pole-
pieces for each string e Silent switch se-
lects 3 combinations of pickups e 4 controls
for tone and volume e Harmony type “W”
vibrato tailpiece e Laminated maple Ultra-
thin arched body with “F” holes, 2” rim,
shaded cherry red e White plastic pick guard
Kit TG-36, 16 Ibs...Save $38.55...0Only $119.95

[ ‘“Silhouette’’ Solid-Body Electric Guitar . ..
Two Golden Tone Pickups . . . Modern Design o
Modified double cutaway leaves 15 frets clear
of body for playing comfort and ease o Ultra-
slim fingerboard of black rosewood — 24"
scale e Ultra-slim neck for ‘“‘uniform feel”
e Torque-Lok adjustable reinforcing rod e
2 pickups with individually adjustable pole-
pieces under each string e 4 controls for tone
and volume e Harmony type ‘““W” vibrato
tailpiece e 6-in-line tuning keys e Hardwood
solid-body, 1%” rim, shaded cherry red e
Extra large pick guard

Kit TG-26, 13 Ibs...Save $45. ..... Only $99.95

tures . .

ing while in use.

Deluxe Guitar Amplifier Fea-
. two 12” heavy-duty
ceramic magnet speakers, spe-
cially designed to project 60
watts of peak power . .
easy-to-build circuit board
with 13 transistors, 6 diodes
for simple 8-10 hour assembly
and cool, instant operation . . .
heavy die-cast foot-switch for
hands-free control of reverb
and tremolo; housed in heavy
die-cast zinc to prevent shift-

. one

iy g

/>

red leather cushioned neck strap.

Included With Each Guitar Kit . .
book, vinylized chipboard carrying case, tun-
ing record, pick, connecting cord, and deluxe

i

. instruction

Individually Adjustable Pole-
Pieces under each string, on
each pickup, permit the most
critical adjustment for empha-
sis and balance, Allows you to
balance volume of all strings,
or to accent any string.

Turn Page For More New Kits From HEATH
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Regardless

0f What You Pay
For A 19” Color TV...

It Can’t Perform As
Well As This
New Heathkit “180”
For Only #3799%*

Here’s Why!

Exclusive Features
That Can't Be Bought In Ready-Made
Sets At Any Price!

All color TV sets require periodic convergence
and color purity adjustments. This new Heath-
kit GR-180 has exclusive built-in servicing aids
so you can perform these adjustments anytime

. . without calling in a TV serviceman . . .
without any special skills or knowledge. Just
flip a switch on the built-in dot generator and
a dot pattern appears on the screen. Simple-
to-follow instructions and detailed color photos
in the GR-180 manual show you exactly what
to look for, what to do and how to do it.

Results? Beautifully clean and sharp color
pictures day in and day out . .. and up to
$200 savings in service calls throughout the
life of your set. No other brand of color TV
has this money-saving self-servicing feature!

-
Exclusive
Heath

"~ Magna-Shield!

This unique metal shield surrounds the entire
picture tube to help keep out stray external
fields and improve color purity. In addition,
Automatic Degaussing demagnetizes and
‘“‘cleans” the picture everytime you turn the
set on from a *cold” start . . ., also permits
you to move the set about freely without any
manual degaussing.

Vertical
Swing-0Out
Chassis!

All parts mount on a single one-piece chassis
that's hinged to make it more accessible for
easier construction, care and installation.

Your Choice Of Installation!

Another Heathkit
exclusive . . . the
GR-180 is design-
signed for mount-
ing in a wall or
your own custom
cabinet, Or you
can install it in either of Heath's factory-
assembled and finished cabinets . . . the con-
temporary styled walnut model, shown above,
at $49.95, or a deluxe Early American cabinet
at $75.00.

From Parts To
Programs In Just
25 Hours!

. . and no special skills or knowledge needed.
All critical circuits (VHF and UHF tuners,
3-stage IF assembly and high voltage power
supply) are prebuilt, aligned and tested at the
factory. The GR-180 manual guides you the
rest of the way with simple, non-technical
instructions and giant pictorials. It’s like hav-
ing a master teacher at your elbow pointing
out every step. You can’t miss.

Compare These Advanced Perform-
ance Features ... And The Price!

Hi-Fi 180 Sq. Inch Rectangular Tube with
anti-glare safety glass, plus “rare earth phos-
phors”, smaller dot size and 24,000 volt picture
power for brighter, livelier colors and sharper
picture definition.

Automatic Color Control and gated automatic
gain control to reduce color fading, and insure
steady, jitter-free pictures even under adverse
interference such as nearby aircraft traffic.
Deluxe VHF Turret Tuner with “memory”
fine tuning so you don’t have to readjust
everytime you return to a channel.

2-Speed Transistor UHF Tuner for either fast
station selection, or fine tuning of individual
channels.

Two Hi-Fi Sound Outputs.. . a cathode follower
for play through your hi-fi system, plus an
8 ohm output for connection to the GR-180’s
limited-field 4” x 6” speaker.

Two VHF Antenna Inputs . .. a 300 ohm bal-
anced and a 75 ohm coax to reduce inter-
ference in metropolitan or CATV areas.
1-Year Warranty on the picture tube, 90 days
on all other parts. In addition, liberal credit
terms are available.

¥*Kit GR-180, sverything except cabinet for custom
mounting, 102 Ibs, $379.95
Assembled GRA-180-1, wainut cabinet shown
above, 30 Ibs., 18%' D x 28‘/4” W x 29" H..$49.95
Assembled GRA-180-2, Early Amencan cabinet,
37 Ibs., 18%" D x 28%" W x 31%" H...Available
February ................................ $75.00

FREE Heathkit Catalog ,0’ "‘--
. with full details on this

unique set, Mail the cou-

pon on the following page, ['M

or write Heath Company, Benton Harbor,

Michijgan 49022. Better yet, use the coupon

to order the best 19” Color TV buy ... now!

Turn Page For More New Kits From HEATH

December, 1966
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12 Kit-Giving Ideas From HEATH...

NEW! Deluxe Solid-State FM /FM Stereo Table Radio

Kit GR-36

69"

Tuner and IF section same as used in deluxc Heathkit transistor stereo
components. Other features include automatic switching to stereo;
fixed AFC; adjustable phase for best sterco; two 5'4” PM speakers;
clutched volume control for individual channel adjustment; compact
197 W x 627 D x 9%” H size; preassembled, prealigned *‘front-cnd™;
walnut cabinet; simple 10-hour assembly. 24 Ibs.

NEWI Amateur Radio Single-Bander Transceivers ...
New Features ... Choose 75, 40 or 20 Meters

Kit HW-12A
75-Meter

59995

Now features upper or lower sideband opcration on all models; new
deluxe styling; more convenient control locations; 200 watts P.E.P.
input; single knob tuning with 2 kHz dial calibration; new ALC input
for use with external lincar amplifiers; improved audio and AVC re-
sponse; crystal filter type SSB generation; built-in S-meter, VOX, PTT
and ALC; fixed or mobile operation. 15 lbs. Kit HW-22A, 40-meter. ,
$104.95. HW-32A, 20-meter. . $104.95

NEW! Compact 2-Way 2 Speaker System
With Acoustic Suspension Design

Kit AS-16

$4995

Handles 10 to 25 watls of program material. Features wide 45 to 20,000
Hz response; 8” acoustic suspension woofer with 6.8 oz. magnet; 3%”
tweeter with 4.8 oz. magnet; high frequency level control; 8 ohm im-
pedance; 1500 Hz crossover frequency; assembled walnut veneer cabi-
net has scratch-proof clear vinyl covering for casy cleaning. Mecasures
10" H x 19”7 W x 8'4” D. Speakers are already mounted; just wire the
crossover and connect cables — complete in one or two hours! 17 lbs.

NEW! Deluxe Amateur Station Console ..,
4 Separate Units In One!

‘Kit SB-630

57495

Includes 24-hour clock, SWR meter, hybrid phone patch and an all-
clectronic [0-minute timer with audio, visual signaling in one compact
unit. Matched in styling and performance with the famous Hcath Deluxe
SB-Series amateur radio equipment. Measures a compact 6/ H x 10”7 W
x [1%” D, 9 lbs.

NEW Heathkit® /Magnecord® 1020 4-Track Stereo
Recorder Kit

Kit AD-16

*399°

(less cabinet)

Save $170 By Doing The Easy Assembly Yourself.

Takes around 25 hours. Features solid-state circuitry; 4-track stereo or
mono playback and record at 7%4 & 3% ips; sound-on-sound, sound-
with-sound and echo capabilities; 3 separate motors; solenoid opera-
tion; die-cast top-plate, flywheel and capstan shaft housing; all push-
button controls; automatic shut-off at ¢nd of reel; plus a host of other
professional features. 45 lbs. Optional walnut base $19.95, adapter ring
for custom or cabinet installation $4.75

52

Now Play In Minutes

Instead Of Months ...
Heathkit® /Thomas

COLOR-GLO Organ

Kit GD-325B

ER

Color-Glo Xey Lights Show You the correct notes and chords . . . you
play melody, harmony and bass notes instantly . . . even if you’ve never
played an organ before! When you're finished, just flip a switch and the
key lights disappear, leaving a beautiful spinet organ. Includes 10 voices,
repeat percussion, 13-note bass pedals, two 37-note keyboards, assem-
bled walnut cabinet & bench and more. Fully transistorized. Builds in
around 50 hours and you save up to $150! 172 lbs.

ELECTRONICS WORLD



Something For Everyone

NEW 12" Transistor
Portable TV Kit

Kit GR-104

19

First Kit With Integrated Circuit . . . replaces 39 parts! Unusually sensi-
tive performance. Plays anywhere . . . runs on household 117 v. AC, any
12 v. battery, or optional rechargeable battery pack ($39.95); preas-
sembled, prealigned tuners; high gain IF strip; Gated AFC for steady,
jitter-free pictures; assembles in only 10 hours. Cabinet measures 11%”
Hx 15%” W x 9%” D. 23 Ibs.

NEW Transistor Portable
Phonograph Kit

Kit GD-16

53995

Worth At Least 50 % More! And it sounds better. Assembles in just 1 to
2 hours . . . simply wire one small circuit board, mount the 47 x &*
speaker and plug in the preassembled changer . . . ideal beginner’s kit.
Features automatic mono play of all 4 speeds; dual Sapphire styli for
LP’s or 78’s; 45 rpm adapter; olive and beige polyethylene over sturdy,
preassembled cabinet. Operates on 117 v. AC. 23 lbs.

NEW Deluxe SB-301 Amateur Receiver Kit
NEW Deluxe SB-401 Amateur Transmitter Kit

Kit SB-301

Szﬁuuu

{less speaker)

New SB-301 receiver for 80 Thru 10 Meters with all crystals furnished,
plus 15 to 15.5 MHz coverage for WWV; full RTTY capability;
switch-sclected ANL; front-panel switching for control of 6 and 2 meter
plug-in converters; crystal-controlled front-end for same tuning on all
bands; 1 kHz dial calibrations — 100 kHz per revolution. 23 Ibs.
Matching SB-401 transmitter, now with front-panel selection of inde-
pendent or transceive operation.. . $285.00

NEW 2-Watt Transistor
Walkie-Talkie

Assembled GRS-65A

$9995

Completely Assembled. Features 2 watts of
power for up to 6 mile range . . . up to 10
miles when working a 5-watt CB rig; $20
rechargeable ‘battery; 9 silicon transistor,
2 diode circuit; superhet receiver; adjust-
able squelch, ANL; aluminum case. 3 lbs.
Optional 117 v. AC battery charger cord
plus cigarette lighter cord $9.95. Crystals
extra @ $1.99 each with order.

66-Watt Solid-State AM /FM /FM Stereo Receiver

Just Add 2 Speakers For A Complete Stereo System.

Boasts AM, FM and FM stereo tuning; 46 transistor, 17 ki AR-13A
diode circuit for cool, instant operation and natural s [lll
transistor sound; 66 watts IHF music power (40 watts ]84
RMS) at 3 1 db from 15 to 30,000 Hz; automatic switch-
ing to stereo; preassembled & aligned *‘front-end” &
AM-FM IF strip; walnut cabinet. 35 lbs.

FREE!

HEATH COMPANY, Dept.15-12 |
Benton Harbor, Michigan 49022 ]

30-Watt Solid-State FM /FM Stereo Receiver

World’s Best Buy In Stereo Receivers, Features 31 tran-

sistors, 10 diodes for cool, natural transistor sound; 20 Kit AR-14
watts RMS, 30 watts IHF music power @ 1 1 db, 15 to s 95
50,000 Hz; wideband FM/FM stereo tuner; plus two pre- 99
amplifiers; front panel stereo headphone jack; compact

37%” H x 15'%4” W x 127 D size. Custom mount it in a wall, (less cabinet)
or cither Heath cabincts (walnut $9.95, beige metal

$3.95). 16 Ibs.
HEATIIITY

s 1 |
HEAT;HKIT’ _1§ 7 5 | In Canada, Daystrom Ltd. |
. World’s Largest | 7 Enclosed is § plus shipping. I
: Electronic Kit { Please send model (s) I
/ Catalog! j [ Please send FREE 1967 Heathkit Catalog, |
/ Lescabes these ang aver 20 |
P kiis for dleien A coloe 1V |
P “ amateur radio, shortwave | Name |
il test 08B m:u!;:he qguca:lonal | I
hame and habby Save up o
i S 507 by duing the easy assem | Address |
ey bly yoursell Mal coupn or ) 3 l
hici ey write Heath Congpany. Bentor | City Stale Zip
Harbor, Kichigdn 430.¢ | Prices & specifications subject to change without netice. cL-263 |
L -
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Technician honesty is not the simple black-or-white affair
many newspaper and magazine writers would have us believe.

Integrity in the Service Shop

were sliding down the window of Mac’s Service Shop

as the owner returned from lunch. “Looks like we're
in for it,” Barnev, his assistant, offered as he helped Mac
brush the snowflakes from his shoulders. “Hey, you look
kind of funny. Anything happen at lunch?”

“Yes, something did happen that upset me. I saw an
honest man in action. Remember Mark Twain’s saying,
‘Always do right. This will gratify some people and as-
tonish the rest’? Well, he wasn’t kidding.”

“Tell me about it.”

“Bert Gardner and 1 were having lunch together, and an
msurance adjuster stopped by to talk to Bert about the loss
of his TV tower and antennas in that windstorm the first of
the week The first thing Bert did was to sound off in no
uncertain terms about his renewed policy that had just
gone into effect ten days before the storm. The new policy
included a $50 deductible feature against windstorm and
hail losses; yet the premium on the home-owner’s policy
had been jacked up 10%.

“Once that was off his mind, Bert gave the adjuster an
estimate I'd prepared on the cost of replacing the tower,
antennas, rotator, lead-ins, etc. However, he made it clear
that he did not intend to replace the installation. He was
going onto the cable instead. The adjuster said this made
no difference. Bert had suffered a loss and could do what
he pleased with the money he received to cover that loss.
The adjuster took my figures, knocked off the $50 I
mentioned, subtracted another percentage for depreciation
for the time the antenna tower had been standing, and
then told Bert how much cash he could receive

“Bert thought about this for a few seconds, and then he
shook his head. ‘That’s too much,” he said.”

“‘What did you say? the insurance adjuster stammered
in disbelief.

““T said you were offering too much. Your figures are
based on the cost of replacing the installation, which I'm
not going to do. At the time I put up that tower, every-
thing, including labor, was considerably cheaper; so I do
not have that much in it Knock 20% off that figure vou
quoted, and that will be about right. I don’t have any
more coming.””

“What did the adjuster say to that?”

“Not much. He was so amazed he couldn’t talk. But
that is the way it ended. After the adjuster had left, I
pointed out to Bert that he seemed to feel the insurance
company had taken advantage of him with their new
policy; yet he passed up a golden opportunity to ‘get even.””

“‘I know, he said, but my feeling that I've been had
doesn’t give me a license to cheat—not even the party who
took me. Wrongs always carry the same negative signs;
so you can’t cancel one with another. I can do little about
the dishonesty of others, but I always remember what
Carlyle wrote: Make yousclf an honest man, and then you
may be sure there is one less rascal in the world. That's
the simple creed I try to live by. I don’t always make it,
but I try.

FEATHERY flakes from the first real snow of winter
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“That damed quotation has been haunting me ever
since Bert uttered it,” Mac confessed. “I've been thinking
about it particularly in the light of recent bad publicity
that radio and TV technicians received in a Midwest city
as the result of another of those exposés where TV sets
are deliberately ‘gimmicked” and then taken to various
shops for repair. As always happens, in this instance some
shops installed parts not actually needed; others over-
charged badly; only a few located the trouble and made a
reasonable charge for the repair.”

“Surely vou don’t condone that sort of thing.”

“Of course not. But I can’t help wondering how many of
the technicians who didn’t find the gimmicked trouble
promptly were actually guilty of deliberate dishonesty Let
me give you an example or so from other fields to show
what I mean. Last fall I had a stubborn kidney infection.
My doctor prescribed five different kinds of expensive an-
tibiotics with no favorable results. In fact, I had a violent
reaction to one and became much sicker than I was in the
beginning. Finally, after I had wasted some sixty dollars
on these, the doctor ran a culture test and found out just
what antibiotic would kill the bugs causing the trouble.
When I took this, the infection disappeared. But I didn’t
accuse my doctor of being dishonest or inept. I didn’t de-
mand he refund money wasted on drugs I didn’t need. 1
didn’t yell for the passage of a law to prevent this sort of
thing. I realized the doctor had prescribed for me in good
faith according to his knowledge and experience. Repairing
any complicated thing, whether it be a broken-down body
or a broken-down TV set, is not a simple cut-and-dried
affair The most experienced person is bound to be misled
by confusing symptoms and to make a wrong guess now
and then.

“Another instance you know about is that of my broth-
er's car motor that was misfiring. Remember how repu-
table and experienced mechanics installed new plugs, new
distributor points, and a new capacitor before they finally
located the defective resistor-type plug wire causing the
trouble? Tliey didn’t take off the new parts they had in-
stalled that were not actually needed, and my brother did
not expect them to. While the new parts did not cure his
specific complaint, he paid for them because he had re-
ceived virtually a ‘tune-up’ job on his car. And he knew
any one of those parts could have logicually been expected
to cause his motor to miss. He didn’t accuse the me-
chanics of trying to cheat him. He didn’t complain to
tlie Better Business Bureau.

“By the same token, I'll wager at least some of those
teclmicians who put parts into the TV set not actually
needed were simply displaying poor judgment, inexpe-
rience, or slovenly troubleshooting techniques. They were
not deliberately trying to cheat the customer out of his
money.

“But that brings me to another move serious type of
dishonesty that besets some technicians. This is fajlure to
do the best job of repairing a set they know how to do. It’s
the sort of thing that makes a technician simply stick
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Dollar for dollar, feature for feature... \

knight-kits

ARE YOUR BEST BUYS

.

- = |
.:_; ' . |
'If‘ﬁ . {
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NEW! KG-640 20,000 OHMS/VOLT
VOM KIT WITH TAUT-BAND METER

® Dependable, Taut-Band Movement Assures
Repeatability of Readings

e 57 ranges. Starts as low as 0.8 VDC Full
Scale for Accurate Transistor Work

e Mirrored Scale and Knife-Edge Pointer
Eliminate Parallax Errors for Accuracy

This 20,000 ohms-per-volt VOM is easy-
to-build, low-priced. 57 ranges for reading
AC, DC, Output volts, resistance, DC cur-
rent, decibels. Perfect for testing radio and
TV sets, hi-fi components, appliances, mo-
tors, house wiring, etc. Complete with bat-
teries,test leads,assembly manual

foronly ......... ... ... ... .. $3995
Available factory assembled $59.95

Read the unique money-back guar-
antee below . . . exclusive in the
industry . . . then rush the coupon
at right for full details and Special
Introductory Offer.

KNIGHT-KIT GUARANTEE

Build a Knight-Kit in accordance with our easy-to-follow
instructions. When you have completely assembled the
kit, you must be satisfied or we will return your money,
less transportation charges, under the Allied guarantee

ALLIED RADIO

of satisfaction.

NEW! KG-685 PORTABLE SOLID-STATE
COLOR BAR/PATTERN GENERATOR KIT

The perfect choice for both on-the-bench and in-the-home
color TV servicing. Gives you seven accurate, stable, crystal-
controlled patterns—all displays needed for complete color
set adjustments. Special minus 2-volt output for Zenith color
sets. All parts, cables, service light and mirror, in- ¢
structions and 32-page operator’s manual for just. . 8995
Available factory assembled $129.95

KG-625 Deluxe 6” Vacuum Tube Voltmeter Kit

Knight-Kit’s best VTVM features ¥-volt full-scale DC range;
a pre-aged bridge tube with matched triode sections for easy
calibration; single, switchable AC-Ohms/DC test probe; in-
verted chassis for quick, easy assembly; 200 -microamp move-
ment with fluorescent knife-edge pointer. With all ¢ 95
parts, battery, test probe and instructions........ 39
Avalilable factory assembled $59.95

ALLIED RADIO, Knight-Kit Div.
Dept. 1-MM, P.O. Box 8528
Chicago, lllinois 60680

-
I |
| [
| I
| Please rush— FREE and without obligation—full details and |
| Special Intraductary Offer on |
| Knight-Kit Test Equipment. |
| I
' |
| |
| I
| I
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Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi's, and thousands
of other Electronic Values. Credit plan
available,

NAME
ADDRESS
city

STATE Z|p

If you _have a friend interested in electronics
send his name and address for a FREE sub-
scription also,

OLSON ELECTRONICS, INC.
XYY

CIRCLE NO. 98 ON READER SERVICE CARD

cut holes
fast!

Round—inches and mm

Double 'D" Square

Greenlee
punches

Here's the simple speedy way to cut smooth,
accurate holes in metal, hard rubber, plas-
tics, epoxy, etc.

Save hours of hard work , . . punch clean, true
holes in seconds for sockets, controls, meters,
and other components, Easy to operate. Simply
insert punch in a small drilled hole and turn with
awrench. For use in up to 16-gauge metal. Avalil-
able at leading radio and electronic parts dealers.

e
@M GREENLEE TOOL CO

Division of Greenlee Bros. & Co.
1866 Columbia Avenue, Rockford, 11. 61101
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another horizontal output tube into a
set after a couple of other new tubes
have failed in that socket in as many
months. He may try to tell himself it
is just coincidence, but he knows in his
heart he should find out WHY those
tubes were failing. The same guy will
call an intermittent radio ‘repaired’
simply because it hasn’t cut out in a
half-hour bench test—even though le
never found any reason for the inter-
mittent action. That radio will be
back, and he knows it.

“Here the technician is trying to de-
ceive himself. He is being false to his
training, his experience, and his con-
science. This is a vicious, corroding
type of dishonesty that will do much
more than earn him a bad reputation
in the community. It will certainly
destroy him as a technician if he per-
sists in it.”

“I believe 1 get you,” Barney said
slowly. “I've been thinking, and it
seems to me that all the really good
technicians I know—the ones who do
their flat-out best on every job they
tackle—are also honest with their cus-
tomers. They do not work cheaply,
and some people may think their
charges high; but they give good hon-
est work for those charges. Yep, I
believe you've got something.”

“It's not my idea and it’s not new,”
Mac quickly disclaimed. “Remember
the words of wise old Polonius? ‘This
above all: to thine own self be true,
and it must follow, as the night the
day, thou canst not then be false to
any man.’”

“Hey, you never cease to amaze me!”
Bamey exclaimed. “I thought you
never read anything but technical books
and magazines, and here you are
spouting Shakespeare!”

“lI even read Batman comics,” Mac
retorted gruflly; “but let’s get back to
what we were saying. No one will
ever convince me that the radio and
TV service business lias more than a
normal complement of crooks. If a
person is determined to make his living
by cheating, there are lots easier ways
of doing it than by repairing radio and
TV sets. At the sane time, I certainly
will not deny that we have some dis-
honest people in our ranks. So has the
medical profession, the legal profes-
sion, the law enforcement profession,
and any other group you care to name.
There was a Judas Iscariot among the
twelve disciples.

“But I'm tired of these repeated at-
tempts to ‘prove’ that most radio and
TV technicians are dishonest by meth-
ods that smack of entrapment. I won-
der how doctors would shape up if
similar methods were used to test their
honesty and proficiency. Suppose we
sent a patient with beri-beri the
rounds of the doctors. How many
would diagnose it correctly immediate-
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Iy and initiate the proper treatment?

“Doctors insist thev treat the whole
body rather than just a single symp-
tom. Isn’t the technician who checks
over the entire set after he locates and
repairs an obvious defect doing exactly
the same thing? If preventive medi-
cine is good, why is preventive main-
tenance suspect in the TV shop? I've
said it before and Tl say it again: 1
never saw a radio or TV set whose
performance I couldn’t improve at
least a little if I set my mind to it.
Am I to be condemned as dishonest
because I try to make that radio or
television set perform better than it did
when it was brand new?

“In its final analysis, honesty is an
individual matter. You can’t legislate
it. You can’t license it into existence.
Actually, we can do little to influence
the honesty of others. But we can al-
ways, as Carlyle reminded us, reduce
the rascal population by one. That's
what we try to do in this shop. But
our being ‘honest’ goes far bevond re-
fraining from bilking a customer. Af-
ter all, he is pretty much at our
mercy. He doesn’t know if he is get-
ting his money’s worth or not. But
we know, and it is our aim to see that
he receives the very best service we
can provide. I don’t need to tell you
that it’s a lot harder for a conscientious
technician to please himself than it is
to please an unknowledgeable custom-
er, but that is our aim: to turn out
a good honest servicing job by our
standards.”

“And I have the bruised ego to prove
it,” Barney said with one of his most
disarming grins. A

DRY-TRANSFER LABELING
By A. A. MANGIERI

RY-transfer labeling of completed

equipment is often difficult be-
cause knobs, shafts, meters, and ter-
minals, prevent proper placement of
the transter sheet. Any attempt to trans-
fer individual titles cut from the sheet
will usnally end in failure because the
sheet itself, with its tacky back, is re-
lied upon to maintain position of the
title while the transfer is made.

One solution is to remove the back-
ing sheet. Then, with the tacky side of
the title sheet upwards, cut the title
from the sheet, using a razor blade.
Place the title, tacky side down, on the
backing sheet. Place a strip of Scotch
tape over the title. Pecl the tape, with
adheved title, from the backing strip.
Position the tape and title on the panel
and burnish well. Peel the tape slowly
from one end. If a portion of the title
has not been transferred, lay the lifted
portion of the tape down and rub again.
Alignment will be perfect.

Multiple word titles are easily han-
dled on one sirip of Scolch tape. How-
ever, avoid placing the tape over pre-
viously transferred titles. A
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the
only

comprehensive

guide

fo consumer
electronics
servicing!

If you're Iin consumer electronics servicing,
you know that keeping up with this jet-
paced field is no pushover, There are man-
uals to be bought. Journals to be read,
Experiments to be tried. Techniques to be
learned. Day in, day out, No doubt about it,
staying on-the-ball in electronics takes time,
effort and money,

Or at least it used to.

Now there's a much easier way. The 1967
ELECTRONICS INSTALLATION & SERVIC-
ING HANDBOOK. A single, comprehensive
guide to every major phase of consumer
electronics servicing. Over 132 pages of
all the latest electronics information you
want and need to know. From TV to CB to
PA to AM/FM. From home intercoms to
auto stereo tape cartridge units. Eight com-
plete, authoritative chapters in all!

This handy, on-the-bench reference volume
will lead you straight to the facts you need,
when you need them presented in a crisp,
concise manner that's easily understood by
the novice, yet thorough enough to answer
the professional's most complex question,

Whether you earn your living by servicing

. supplement your salary by servicing
part-time . . . or are an active hobbyist who
services just for the fun of it ... the 1967
ELECTRONICS INSTALLATION & SERVIC-
ING HANDBOOK is one ‘“‘tool of the trade”
you can't afford not to have,

ELECTRONICS
INSTALLATION

& SERVICING
HANDBOOK—1967

SIMPLIFIED TECHNIQUES
SAVE
TIME AND MONEY

STEREO/ HI-FI
AUTOMOTIVE
PUBLIC ADDRESS
TV-CB-FM
ANTENNAS
INTERCOMS

b

PLUS:

COLOR TV SECTIOV
CWATH TRUECELER ILLUSTRATIONS )
PLUS:

HOW TO INSTALL
STEREQ TAPE

IN' YOUR CAR

PLUS:
TOOLS and TES

THE 1967 ELECTRONIGS INSTALLATION & SERVIGING HANDBOOK

Order your copy today! 0n|y $125 -’

Get the Handsome Leatherflex- 3 _,.w.k
Covered Edition for $3 Postpaid! -“
The 1967 ELECTRONICS

INSTALLATION & SERVICING

HANDBOQOK is also available in '%
a splendid deluxe edition.

Ziff-Davis Service Division, Dept. ISH

589 Broadway, New York, N.Y. 10012

[0 Please send my copy of the 1967 ELECTRONICS INSTALLATION & SERVICING
HANDBOOK as checked below: | am enclosing $1.25 plus 15c for shipping and
handling for the Regular Edition. ($1.75 for orders outside U.S.A.)
| am enclosing $3.00. Please send _me, postpaid, the Leatherflex-covered Deluxe
Edition, ($3.75 for orders outside’ U.S.A.) (Please allow 3 additional weeks for
delivery of the Deluxe Edition.)

oy et e P pEy GNP P I e GBS ) S ) I s e e B A = £ = e e

Rugged Leatherflex cover provides "a - ..
lasting protection yet is softly e BN
textured and pold-embossed for i i name (rLense prine) EW-126
the look of elegance. A collector's s S -
itlem—a su;;ebrb addih‘gn to your g“ - - address
electronics library. And it's yours, = = T
for just $3 postpaid, when you e N ot
check the appropriate box on . = = IR = el Y
the order form. LvsSir= Danle -
l state zip code
== == o = —
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Join “THE TROUBLESHOOTERS™

They get paid top salaries
for keeping today’s
electronic world running

Suddenly the whole world is
going electronic! And behind the
microwave towers, push-button
phones, computers, mobile radio,
television equipment, guided
missiles, etc., stand

THE TROUBLESHOOTERS

—the men needed to inspect,
install, and service these
modern miracles. They enjoy
their work, and get well paid

for it. Here’s how you can

join their privileged ranks—
without having to quit your job
or go to college in order

to get the necessary training.

-
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JUST THINK HOW MUCH in demand you would be if
you could prevent a TV station from going off
the air by repairing a transmitter...keep a whole
assembly line moving by fixing automated produc-
tion controls...prevent a bank, an airline, or your
government from making serious mistakes by re-
pairing a computer.

Today, whole industries depend on electronics.
When breakdowns or emergencies occur, someone
has got to move in, take over, and keep things run-
ning. That calls for one of a new breed of techni-
cians—The Troubleshooters.

Because they prevent expensive mistakes or de-
lays, they get top pay—and a title to match. At
Xerox and Philco, they’re called Technical Repre-
sentatives. At IBM they're Customer Engineers.
In radio or TV, they're the Broadcast Engineers.

What do you need to break into the ranks of
The Troubleshooters? You might think you need a
college diploma, but you don’t. What you need is
know-how—the kind a good TV serviceman has—
only lots more.

Think With Your Head, Not Your Hands

The serviceman, you see, “thinks with his hands.”
He learns his trade by taking apart and putting
together, and often can only fix things he’s already
familiar with.

But as one of The Troubleshooters, you may be
called upon to service complicated equipment that
you’ve never seen before or can’t take apart. This
means you have to be able to take things apart
“in your head.” You have to know enough elec-
tronics to understand the engineering specs, read
the wiring diagrams, and calculate how a circuit
should test at any given point.

Now learning all this can be much simpler than
you think. In fact, you can master it without setting
foot in a classroom and without giving up your job!

AUTO-PROGRAMMED™ Lessons Show You How

For over 30 years, the Cleveland Institute of Elec-
tronics has specialized in teaching electronics at
home. We've developed special techniques that
make learning easy, even if you’ve had trouble
studying before.

For one thing, our AUTO-PROGRAMMED™ lessons
build your knowledge as you’d build a brick wall—
one brick at a time. Each piece rests securely on the
one that came before it.

ENROLL UNDER NEW G. L. BILL
All CIE courses are available under the new G. I.
Bill. If you served on active duty since January
31, 1955, OR are in service now, check box on
reply card for G. I. Bill information.

' December, 1966

In addition, our instruction is personal. When
your teacher goes over your assignment, no one
else competes for his attention. You are the only
person in his class. He not only grades your work,
he analyzes it to make sure you are thinking cor-
rectly. And he returns it the day it’s received so
that you can read his comments and corrections
while everything is fresh in your mind.

Always Up-To-Date

To keep up with the latest developments, our
courses are constantly being revised. This year CIE
students are getting new lessons in Laser Theory
and Application, Microminiaturization, Single Side-
band Techniques, Pulse Theory and Application,
and Boolean Algebra.

In addition, there is complete material on the
latest troubleshooting techniques including Tandem
System, Localizing through Bracketing, Equal Like-
lihood and Half-Split Division, and In-circuit Tran-
sistor Checking. There are special lessons on serv-
icing two-way mobile equipment, a lucrative field
in which many of our students have set up their
own businesses.

Your FCC License—or Your Money Back!

Two-way mobile work and many other types of
troubleshooting call for a Government FCC
License, and our training is designed to get it for
you.But even if your work doesn’t require a license,
it’'s a good idea to get one. Your FCC License will
be accepted anywhere as proof of good electronics
training,

And no wonder. The licensing exam is so tough
that two out of three non-CIE men who take it
fail. But CIE training is so effective that 9 out of
10 of our graduates pass...on their very first try.
That’s why we can offer this warranty with confi-
dence: If you complete one of our license preparation
courses, you'll get your license—or your money back.

Mail Card for 2 Free Books

Want to know more? Mail the postage-paid reply
card bound here. We'll send our 40-page catalog
describing our courses and the latest opportunities
in Electronics. We'll also send a special book on
how to get a Commercial FCC License. Both are
free. If the card is missing, just send us your name
and address.

Cleveland Institute of Electronics
1776 E.17th St., Dept. EW-25, Cleveland, Ohio 44114

Accredited Member National Home Study Council
A Leader in Electronics Training. .. Since 1934
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NOW 2

A Complete Automotive and
Ignition Tune-Up System

MARK TEN

Capacitive Discharge
Jgnition System

$44%5 pssembled
$2995 Kit Form

Get mieage you never dreamed of! 3 to
10 times spark plug life. Instant starts in
all weather. Installs in only 10 minutes.
Up to 20% gas savings. Dramatic increase
in engine performance and acceleration.

NEW AUTO TUNE UP
INSTRUMENTS

g

L2

DWELL TACH
METER METER
$12.95 $14.95
Ppd. Ppd.

These two new cousins to the world fa-
mous proven MARK TEN now give you the
capability to tune your own car inexpen-
sively, easily, with remarkable precision.
These separate instruments are low cost,
portable and the easiest to read you've
ever seen.

e Delta's famous printed circuit design

e Superior in precision, quality and per-
formance to instruments selling for FIVE
TIMES as much

e Large dial, high quality jewel D’arson-
val meters

e Operates with standard, transistor or
capacitive discharge systems as well as
magnetos

o [nstant readings — no confusing scales

Send Your Order Today
Il I B B BN BN .

/\DELTA PRODUCTS,

P.0. Box 1147EW e Grand Junction, Colo.
Enclosed is $ . Ship prepaid.
O Ship C.0.D.
Please send:
] Dwell Meters @ $12.95
[ Tach Meters @ $14.95
[Z] Mark Tens (Assembled) @ $44.95
{J Mark Tens (Delta Kitt @ $29.95
(12 volt positive or negative ground only)
SPECIFY — [ Positive [] Negative
06 or 012 Voit

Make.

Car Year.
Name.
Address.
City/State. Zip.
B o & B BN S B .
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Electronic Metal Locators
(Continued from page 42)

U.H.F. Type

This metal locator has several unique
operating features. Fig. 6 shows the
block diagram. The u.h.f. locator is
capable of detecting either metallic or
non-metallic objects and is able to dis-
criminate between these objects and
the normal clutter of rock discontinui-
ties. Operation is somewhat similar to
the induction-balance locator, except
that the operating frequency is 400
MHz and the loops are replaced by a
search array consisting of inductively
loaded dipole antennas. Two transmit-
ting dipoles are used with a receiver
dipole between them. A figure-eight
pattern is produced in the absence of
any target, resulting in balanced volt-
ages that nearly cancel in the receiver
dipole. The presence of any object of
uniformly different conductivity and di-
electric constant from the surrounding
medium upsets the balance and pro-
duces an output signal.

There are two modes of operation,
the “Search” mode and the “Point”
mode. In the “Search” mode, all of
the spurious return is averaged out by
a long time constant a.g.c. loop, while
any sudden changes in the field pat-
terns are greatly amplified by an ex-
pander circuit, indicating the edge of
a target directly below the search array.
In the “Point” mode, the receiver out-
put is amplitude-sensitive and the in-
strument may be used to outline the
buried object. The u.h.f. locator is prin-
cipally used by the military for the
detection of metallic and non-metallic
mines.

Transmitter-Receiver Instrument

Of the popular locator types, the
transmitter-receiver instrument is capa-
ble of the deepest penetration and is
principally used for large-object detec-
tion, such as locating buried pipes and
tracing mineral veins. Many instru-
ments of this type can also give a rela-
tive indication of the depth of target
burial by a triangulation method. Utili-
ty companies as well as amateurs make
extensive use of this particular type of
instrument.

If two loop antennas are placed at
right angles to each other so that one
loop is positioned directly along the null
axis of the other, no signal coupling
between the two will exist. In practice,
one loop is excited with an r.f. oscilla-
tor-transmitter. This is usually the ver-
tical rear loop. The other loop forms
the front end of a highly sensitive r.f,
receiver-amplifier followed by a detec-
tor and indicator, as shown in the block
diagram of Fig. 7.

In the absence of targets, the re-
ceived signal is zero because of zero

mutual inductance between receiver
and transmitter; any energy inductively
coupled via a target produces a receiver
signal in proportion to the size and lo-
cation of the target.

Maximum signal return occurs when
the target is almost centered under the
receiver loop. For the first few feet of
target depth, the distance from trans-
mitter to target changes very little. In
addition, more energy is actually de-
livered to a deeper target than to a very
shallow one, due to the field patterns of
the transmitting loop. For these two
reasons, the transmitter-receiver locator
retains a very good penetration capa-
bility to depths comparable to the in-
strument length. Only for depths sub-
stantially greater than the transmitter
and receiver separation does the signal
return begin to fall off as the sixth pow-
er of depth.

The price paid for the good penetra-
tion is inability to resolve small objects.
When a target is in the position of op-
timum detectability, it is at least four
feet away from the transmitter and
thus must be physically large to inter-
cept enough transmitter energy to pro-
duce a useful receiver voltage. The ma-
jority of transmitter-receiver locators
are incapable of detecting an object less
than three inches in diameter, even if
the target is on the surface.

Synchronous demodulation may be
employed on the transmitter-receiver
locator, but only if totally balanced cir-
cuitry is used. Otherwise, the intercon-
nection between receiver and transmit-
ter will itself radiate and distort the
normal field patterns.

Design problems include mechanical
stability and the minimum use of met-
al parts in assembly, for either of these
factors can eliminate the sharp null ob-
tained at 90° positioning and greatly
reduce apparent sensitivity,

Commercial Instruments

Table 1 lists major manufacturers of
electronic metal locators intended for
sport applications. Table 2 gives the
relative performance capabilities of the
three sport types in terms of relative
cost, penetration, resolution, weight,
and applications. Individual commer-
cial instruments will vary widely from
the values shown, depending upon soil
conditions, operator experience, the
quality of the instrument, and other
factors.

In addition to the sport types covered
here, there are a number of industrial-
type metal locators that are used by the
utility companies and others. In gener-
al, the operation and characteristics of
these metal locators are very similar to
the sport types covered, although the
industrial types may be more expensive
and constructed to withstand more phy-
sical abuse than a unit that is only used
occasionally would encounter. A
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RCA WR-50B R.F. Signal Generator

For copy of manufacturer’s brochure, circle No. 28 on Reader Service Card.

ERVICE-type signal generators have
come and gone over the years with
few significant changes in their capa-
bilities or performance. But the inclu-
sion of FM-sweep output at 455 kHz
and 10.7 MHz in RCA’s new WR-50B
r.f. signal generator is a major step for-
ward in general servicing convenience.

Except for this feature, the WR-50B
is similar to the WR-50A reviewed in
these pages in March, 1964, It is a
compact AM generator having fun-
damental r.f. output from 85 kHz to
40 MHz; an internal 400-Hz oscillator
modulates the r.f. signal, including the
auxiliary crystal-controlled output, or
provides separate audio output.

The two sweep-output frequencies
have preset positions on the main
bandswitch. Sweep width is approxi-
mately 10% of the center output fre-
quency; a 60-Hz sinusoidal sweep rate
is used.

Sweep alignment has been employed
for years in servicing FM receivers.
Until now, however, the service frater-
nity has had to use peak-alignment
methods for AM broadcast receivers.

The waveforms show the sweep re-
sponse curve obtained by feeding the
455-kHz FM signal into the mixer stage
of an AM receiver and taking it from
the second detector.

Sweep alignment of AM receivers
has a number of advantages: it gives
an instantaneous picture of over-all am-
plifier alignment; it requires only one
signal-injection point and one take-off
point; and it reveals oscillation in am-
plifier stages. Relative signal amplitude
can also be checked with the WR-50B
because it has built-in blanking, which
supplies a reference base line on the
oscilloscope.

(A) The 455-kHz sweep output from the WR-50B. Plug-in crystal produces marker
in center of the trace. (B) Over-all i.f. response curve showing bandpass of broad-
cast AM receiver. (C) Same curve with 455-kHz crystal marker. (D) Over-all i.f. re-
sponse curve of FM broadcast receiver. Crystal marker indicates 10.7-MHz frequency.

1966

December,

With FM receivers, the 10.7-MHz
output from the WR-50B will produce
an “S” curve at the output of the FM
detector or a peaked bandpass curve
at the detector input. If needed, 455-
kHz or 10.7-MHz markers can be add-
ed to the response curves simply by
plugging a crystal into a front-panel
socket.

In the sweep functions, the oscillator
stage is frequency-modulated by a
varactor diode which is connected into
the oscillator tuned circuits. A small
60-Hz signal is fed to this diode from
the heater winding of the power sup-
ply. Because the capacitance of the di-
ode varies in accordance with the volt-
age across the diode, it varies the
frequency of oscillator output at a
60-Hz rate.

Optional user prices of the WR-50B
are $65 for the prewired version and
$45 in kit form, A

Hewlett-Packard Model 400GL
A.C. Electronic Voltmeter

For copy of manufacturer’s brochure,
circle No. 160 on Reader’s Service Card.

P B
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HE most recent addition to the

Hewlett-Packard 400 Series a.c. volt-
meters is the all-solid-state Model 400-
GL with a linear dB scale on each
range. It has a 100-uV full-scale range
and 10-megohm input impedance. Fre-
quency coverage is from 20 Hz to 4
MHz, and accuracy over most of this
range is within 0.2 dB. Voltage gains
up to 160 dB may be measured readily
over five frequency decades. A built-in
100-kHz low-pass filter, controlled from
the front panel, will eliminate the error-
producing effects of high-frequency
voltages when low-frequency measure-
ments are being made.

The new Model 400GL is especially
useful when signals which vary wide-
ly are being measured; with 20-dB
range on each scale, signals varying in
voltage over a 10 to 1 magnitude may
be continuously followed without chang-
ing the setting of the instrument. The
unusual gain of the built-in amplifier
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Enjoy the “music-only” programs
now available on the FM broadcast
band from coast to coast.

* NO COMMERCIALS
® NO INTERRUPTIONS e
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It’s easy! Just plug Music Associated’s Sub
Carrier Detector into multiplex jack of your
FM tuner or easily wire into discriminator.
Tune through your FM dial and hear programs
of continuous, commercial-free music you are
now missing. The Detector, self-powered and
with electronic mute for quieting between
selections, permits reception of popular back-
ground music programs no longer sent by wire
but transmitted as hidden programs on the
FM broadcast band from coast to coast. Use
with any FM tuner. Size: 512" x 6”. Shipping
weight approx, 7 lbs.

KIT $4950

{with pre-tuned coils, no olignment necessory)

wirep $7500
COVER $4.95 EXTRA

Current List of FM Broadcast Stations wllh SCA
authorization

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, New Jersey
Phone: (201)}-744.3387
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VALUABLE books from E.&E.

NEW! 17th EDITION OF THE FAMOUS
RADIO HANDBOOK

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers, Provides ex-
tensive, simplified theory on practlcally every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete. 832 pages.
Order No, 167, only........oovevnunnn $12.95

RADIOTELEPHONE LICENSE MANUAL

Helps you prepare for all commer-
cial radiotelephone operator’s
license exams. Provides complete
study-guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you
need to know to obtain an opera-
tor’s license. 200 pp. Order No.030,0nly $5.75

LEADING BOOK ON TRANSISTORIZED
COMMUNICATIONS EQUIPMENT

TRANSISTOR RADIO HANDBOOK, by
Donald L. Stoner, W6TNS, Lester
A. Earnshaw, ZLIAAX. Cqvers a
wide range of communication uses
for both amateur and commercial
applications. Includes audio and
speech amplifiers, VHF transmit-
ting and receiving equipment, SSB exciters,
and complete SSB transceivers. 180 pages.
Order No. 044, 0nly.....cocoiviviiiiannns $5.00

Order from your electronic parts
distributor or send coupon below.

T
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e
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oD EDITORS and ENGINEERS, Ltd. i

P.O. Box 68003, New Augusta, Indiana, Dept.EWE-12 |
Ship me the following books:

|
|
: O No.167 (IN0.030 (I No.044 $___ench
{ Name :
| Address |
| City. State, Zip !
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PREAMP a1 ouTPUT UP TO 8048
(FET) CIRCUIT GAIN
INPUT POST
| ATTENUATOR ATTENUATOR
METER
INPUT BRIDGE ZD METER
FEEDBACK 100-kHz FEEDBACK T
_’__l NETWORK FILTER AMPLIFIER
= L} —L— :_L .
ouTe = =

and the high sensitivity of the meter
make the instrument suitable for use as
a calibrated high-gain preamplifier for
oscilloscopes, bridge detectors, and oth-
er devices. As a preamp, the unit has
only 3 uV of noise referred to the input
for 100-kHz bandwidth, enabling it to
be used for measurements of acoustical
noise in radio receivers and p.a. sys-
tems. In acoustical measurements, sen-
sitivity is so high that a calibrated
microphone may be connected directly
to the input terminals.

Referring to the block diagram, the
meter uses a high-impedance input at-
tenuator (0 or 60 dB) followed by a
field-effect-transistor preamp. This pre-
amp has a basic sensitivity of 1 milli-

volt with a 3-dB bandwidth at 10 MHz.
To achieve linearity, the meter bridge
is inserted in the feedback path.

The meter bridge is driven from a
cwrrent source to further insure track-
ing and stability of the meter reading
under wide temperature extremes. By
the use of bootstrapping, a current
source approaching 1 megohm is
achieved. The meter bridge is driven
from this current source to eliminate
reading errors due to diode non-lineari-
ties in the meter bridge.

The instrument is normally operated
from the a.c. power line, although ex-
ternal battery operation is possible via
terminals provided on the rear panel.
The Model 400GL is priced at $290. A

Motorola Model S1067A Audio Oscillator
For copy of manufacturer’s brochure, circle No. 29 on Reader Service Card.

NEW audio oscillator, featuring

all-solid-state components includ-
ing a field-effect transistor, has been in-
troduced by Motorola as Model S1067A.
The oscillator is designed for general
laboratory use in checking audio am-
plifiers, filters, or speakers. It is particu-
larly useful for two-way radio techni-
cians in maintaining reed-controlled,
tone-coded radio equipment. A built-in
1-kHz distortion analyzer or band-elim-
ination filter is very desirable for mak-

ing EIA SINAD sensitivity measure-
ments of two-way radio mobile and
base-station F'M receivers.

The oscillator employs a capacitance-
tuned Wien-bridge network to obtain
a sinusoidal signal over a 20-Hz to 200-
kHz frequency range in four overlap-
ping bands. The network consists of
capacitors C, and C, and resistors R.
and R, in the positive-feedback path,
and thermistor RT1 and resistor R, in
the negative-feedback path. (See dia-
gram.) Oscillations are maintained
through the positive-feedback network
which is frequency-selective and which
has a maximum output voltage with
zero phase shift at the oscillator fre-
quency.

Frequency variation of 10:1 is ac-
complished by a two-section, ganged
variable capacitor. A set of equal-val-
ue precision film resistors is used for
each frequency range. Vacuum-sealed,
negative-temperature-coefficient therm-
istor RT1 keeps the oscillator output

FREQUENCY SENSITIVE LEVEL SENSITIVE NEGATIVE
POSITIVE FEEDBACK FEEDBACK
Ra ( RT ¢
¥3
—t‘Cu Q4 Q6
r17 QuTPUT
1
|
{ Qt Q2
- o
L Cb Q3
77 LU Rx
Q3 Q7 CHASSIS GNO.
o
L i t AMPLITUDE
WIEN BRIDGE OSCILLATOR AMPLIFIER CONTROL
WIEN BRIDGE - PUSH-PULL
OUTPUT STAQE
o— —0

1kHz DISTORTION ANALYZER (FILTER)
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constant at all frequencies covered dur-
ing operation.

Transistor Q1 is a common-source n-
channel junction FET operating as an
amplifier, followed by Q2, a direct-
coupled emitter follower. Transistor
Q3 is an emitter-follower amplifier
which drives a push-pull emitter-fol-
lower pair (Q4 and Q5). A similar
output stage, Q6 and Q7, is used to
isolate the oscillator amplifier from the
load.

The distortion analyzer circuit uses
a bridge-T filter that rejects a 1-kHz
tone by more than 50 dB but passes
all other frequency components. These
can be measured with an audio volt-
meter which indicates harmonic distor-
tion.

The oscillator is operated either from
the a.c. power line or from a single,
inexpensive 221:-volt internal dry bat-
tery. Battery life is over 100 hours for
a 600-ohm or higher load. The unit
is supplied with a detachable front cov-
er and a shielded a.c. power cable that
has a miniature short-circuit-proof pow-
er transformer molded right into the
a.c. plug. Price of the instrument is

$185. A

IMPROVED BLOWN-FUSE
INDICATOR

By RONALD L. IVES

NEON lamp and series resistor are
usually shunted across the fuse pro-
tecting a piece of equipment to provide
immediate indication when the fuse
blows. When the fuse is intact, it shorts
out the lamp-resistor combination and
the lamp is unlit.

When, as is often the case, the equip-
ment is plugged in but not turned on, a
blown fuse is not detected until the pow-
er switch is turned on. This usually leads
to a missed operation which may disrupt
an cxpensive and complicated test.

To indicate a blown fuse immediately
when the equipment is plugged in but not
turned on, a small resistive load is con-
nected from the load side of the fuse to
the cold side of the line as shown in the
diagram,

As before, the neon lamp will not light
as long as the fuse is intact. If, however,
the fuse is opened the neon lamp will
light whether the equipment is turned on
or not.

The added resistor, about 47,000
ohms (value not critical), should have a
minimum rating of ¥4 watt. A 1-watt re-
sistor is preferred as it has a much larger
radiating surface and hence will run

cooler, all other factors being the
same. A
150k
O *——>
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iImproves color reception
3 ways...
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JERROLD

PARAIOG Plus

1. Plus GAIN—provides sharper directivity to eliminate color ghosts.

2, Plus FLATNESS—e¢liminates tilts which cause incorrect colors on
the TV screen. Industry experts say that color antennas must be
flat within =+2 db. Paralog-Plus antennas are flat within =1 db
per channel.

3. Plus MATCH—to prevent color-distorting phase shifts.

To give you these exclusive color features Paralog-Plus has a unique
Bi Modal Director system that actually works on high and low band
channels simultaneously, making each element serve double duty.

What’s more, you get a choice of 300 ohm and 75 ohm coaxial outputs,
plus excellent gain over the entire FM band. For the greatest realism
DISTRIBUTOR SALES DIVISION

in lifelike color, try the Paralog-Plus.
401 Walnut St., Phila., Pa. 19105 JEHH“L“
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PERMANENT PROTECTION!
Electronics

World

Deluxe Magazine Files
tirat hold a full
year's copies!

Designed to keep your
periodicals orderly and easy to refer to. These
durable files guard against soiling, tearing, wear
or misplacement of issues, They look, feel like
leather and are washable! 23kt. gold lettering and
exquisite 2-color binding make them highly-deco-
rative additions to your bookshelves.

Shipped POSTPAID! FULLY GUARANTEED!
Only $3.50 each— 3 for $10, Gfor $19

Order several today—for ELECTRONICS WORLD
and all your other favorite magazines.

ADDRESS,

_________________ -
Jesse Jones Box Corp., Box 5120, Dept. EW |
Philadelphia 41, Pa, |
Enclosed is . Please send me I
Electronics World Magazine Files in the colors checked |
below: I
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MODEL  1/4 TRACK STERED

SX724 ONLY $975

INEW!|

Modular Transport
Low-Noise Circuitry
Third Head Monitoring

i

World's Finest Recording Quality
Response S/N

#2db 30 to 25,000 55db

+2db 30 to 15,000 50db

Speed
7-1/2
3-3/4

L ourye. International
BOX 1000, DEPT. EW-12
ELKHART, INDIANA

MADE ONLY IN AMERICA
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VER 90% of the nation’s CATV

systems receive at least one distant
signal, imported from beyond the trans-
mitting  station’s predicted grade-B
contour, the National Community TV
Association recently disclosed. The
number receiving only local signals
(grade B or better) is quite small—
under 8%. About one-quarter of the
systems receive only distant signals,
while 87% get a mixture of both.

The data indicates that of the 1668
operating systems:

14 systems (.9%) serving 8493
homes receive only the stations located
in the same community as the system.
This does not include New York whicly,
when operational, will also distribute
only local signals.

23 systems (1%) serving 21,675
homes receive only signals from sta-
tions within whose predicted grade-A
contour the systems are located.

41 systems (2%) serving 28,281
homes receive only signals of predicted
grade-B intensity.

74 systems (4%) serving 123,188
homes receive a combination of pre-
dicted grade-A and grade-B signals.

405 systems (25%) serving 539,203
homes receive no signals of grade-A
or grade-B intensity, although 81 of
these systems are within the grade-A
or grade-B coutour of one or more
stations.

1111 systems (67%) serving 1,789,-
147 homes receive an assortmient of
signals including at least one station
of less than grade-B predicted inten-
sity and at least one station of pre-
dicted grade-B or greater intensity,

These figures do not include the
master antenna systems commonly
used in apartment houses or hotels.

Phosphor Laser

Laser material is usually thought of
as being some exotic comnbination of
chemicals found only in a research
laboratory. Recently, however, scien-
tists at the Electronic Research Center
of RCA have discovered that zinc
oxide, a material used as the phosphor
in certain types of CRT’s, can be made
into an ultraviolet laser.

A tiny platelet of zinc oxide, re-
sembling a soap flake, is mounted on

a metal support housed in a vacuum
chamber. It is activated by an elec-
tron beam which is fired at it at a rate
of 2000 pulses per second. At first,
the phosplor glows green, but when
the power of the electron beam reaches
a certain critical density, the light com-
ing from the phosphor suddenly Dbe-
comes coherent, shifts predominantly
into the ultraviolet region, and emerges
as a narrow beam of laser light shoot-
ing out at right angles to the bom-
barding electron beam.

The mechanism by which the beam
initintes laser action involves a trans-
fer of energy in which each incoming
electron excites as many as 1000 elec-
trons in the phosphor to a higher en-
ergy level. They remain in this state
until one of them falls back spontane-
ously to its original level, throwing
off its cxcess energy as a tiny burst of
ultraviolet light. This in turn triggers
all the other excited electrons to fol-
low suit with the result that a pulse of
intense coherent ultraviolet laser light
is generated.

Electronic Eavesdropping

As iu all other phases of electronics,
the new generation of electronic eaves-
droppers is far more sophisticated than
the oldtimers.

The latest tvpe to hit the market is
one that can Dbe attached to the tele-
phone line. When the remote listener
wants to hear what’s going on, he dials
that telephone number, and immedi-
ately after the final digit is dialed and
before the phone gets a chance to
ring (a couple of seconds elapses after
the relays work and before the phone
rings), lhe causes an audio tone to
travel down the line to activate a fre-
quency-sensitive relay within the listen-
ing system. This relay prevents the
phone from ringing and simultaneous-
ly opens up a remotc microphone. If
anyone dials the phone during the lis-
tening-in operation, he will get a busy
signal. When the remote listener hangs
up liis phone, the system goes back to
normal. Conventional operation of the
phoue is not allected by this device.

In this age of virtually universal dial-
ing, there arc alinost no limits to dis-
tance between the two units. A
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Color-T'V Signal Generators
(Continued from page 33)

nal. At the picture tube, the pedestal may dilute color
saturation, but this is of little importance. If full saturation
is necessary, it may be obtained by turning down the re-
ceiver contrast. This will effectively minimize pedestal.

RCA. The axes of the color-bar pulses should lie on the
zero axis and not on elevated brightness pedestals. Ele-
vated pulses necessitate use of an oscilloscope for accurate
setting of receiver phasing. A generator having zero-axis
color-bar pulses does not require an oscilloscope. The
change in bar color is not significant, and because of the
range of adjustment of the receiver tint control, this slight
variation across the width of the color bar has no detri-
mental effect on receiver setup.

Seco. These factors are a necessary evil, but their effect
is minimal.

Sencore. The phase angle of the color bar is continuously
shifting, but for the human eye it is very difficult, if not
impossible, to see any color variation within a bar. This
really should be of no importance as the bar pattern is
used mainly to see if the chroma circuits are working.
When the color circuits are set up using a bar pattern, it is
no different than if an NTSC-type generator were used. The
waveform is easy to interpret on a scope.

Why hasn’t the NTSC type of color

signal generator become more popular?

Allied Radio. Complexity, cost, and difficult pattern in-
terpretation. Also, a 10-bar gated rainbow generator is very
useful for narrow-band color receivers using R—Y and
B—Y demodulation.

Amphenol (Cadre). Because it is generally much more
expensive, the added accuracy and convenience of an NTSC
generator is not that important in color alignment.

Eico. See our answer to the previous question.

Heath. The NTSC generator has not become popular be-
cause of its inherent high cost and the fact that most color-
TV set alignment procedures have been written around the
gated rainbow generator.

Lectrotech. For the service technician with great ex-
pertise, the NTSC generator would be optimum, since it
provides all the color and luminance information required
by the chroma section. NTSC generators, however, need
calibration checks. The keyed rainbow signal, on the other
hand, is inherently accurate and provides color information
only every thirty degrees including the all-important R—Y
and B-—Y axes. Economics also enter in since the NTSC
signal is far more costly to generate than the keyed rainbow.

Precise. A true NTSC signal requires more elaborate
circuitry than the keyed rainbow signal. Receiver manu-
facturers provide service data in terms of keyed rainbow
generators, which will insure their continued popularity.
Technicians find little, if any, receiver service information
based on NTSC generators and must rely on their unaided
competence in the use of these generators.

RCA. NTSC generators are too heavy and too expensive.
Fully saturated NTSC colors are not needed to achieve per-
fect adjustment any more than an FCC-type broadcast
signal is needed for tuner or if. alignment. The gated
rainbow signal is used by virtually all TV manufacturers in
establishing service procedures for their sets.

Seco. The cost of an NTSC generator is too high.

Sencore. The NTSC generator has never become popular
and will probably fade away except at broadcast studios.
The cost, size, and complexity of this type of generator led
to its downfall. The keyed rainbow generator costs less to
produce, is easier to use, and can be made very compact
as demonstrated in recent months by the number of small
solid-state generators being made available. A
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BIGGER ... BETTER
THAN EVER!

SEND TODAY FOR YOUR NEW
A 40th ANNIVERSARY
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YOUR BUYING GUIDE FOR

® Stereo & Hi-Fi Systems & Compo-
nents.

® Tape Recorders.

® Electronic Parts, Tubes, Taols.

® Phonos & Records,

® Caomeras and Film,

® Public Address.

® Citizens Band. ® Haom Gear,

® Tronsistor & FM-AM Radios,
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| Name,
| Address
| city

Sonalert
New high-reliability
solid-state tone signal

Produces distinctive 2800 or
4500 cps tone, draws only 3 to
14 milliamps.

No RF noise—no arcing con-
tacts. Explosion-proof.

High reliability — solid-state
oscillator drives piezoelectric
sound transducer.

High output — 68 to 80 db
sound level.

Standard models available for operation on 6 to 28
volts DC, 6 to 28 volts AC, 110 volts AC. Can be
supplied with pulsed output, 3 to 5 pulses per second.
For data, typical circuitry for over-voltage, under-
voltage, overheat, security, and many other signalling
applications, write Mallory Distributor Products Com-
pany, a division of P. R. Mallory & Co. Inc., P.O.
Box 1558, Indianapolis, Indiana 46206.
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do-it-yourselfer’s

newest
catalog

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

e CONAR
HEEEIMAIL NOW IR

. CONAR NB6C
. 3939 Wisconsin Avenue, Washington, D.C. 20016 .
Ploase send me your new catalog.

0. |

. Address. l

e ]
Zip

State. Code l
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Color-TV Broadcasting

(Continued from page 24)

pulse time. Stated in another way, with
New York as a reference, Washington
nmust be timed in advance of New
York by the transit time of the signal
over this distance. Likewise, Cape Ken-
nedy must be timed in advance an
even greater interval of time.

A system used at NBC, known as
“audlock”, has been devised to solve
this synchronization problem. The sys-
tetn may be described as a backward
type of sync control that matches both
remote sync generators to the New
York standard. As the name implies,
an audio frequency is used to time-lock
the remote sync generator. In the sys-
temn, shown in block form in Fig. 2, an
audlock transmitter is located in tle
control room in New York aud a com-
panion unit is located at both remote
points. The audlock in New York is
connected to the remote points via a
rented telephone line. The lhorizontal
line frequency of the New York sync
generator is processed by the audlock
transmitter to produce a submultiple
audio-frequency sine wave of about
4000 Hz, which can be easily and
quickly phase-shifted by any desired
amount. The audlock receiver in Wash-
ington processes the 4000-Hz tone from
New York and multiplies it to lock the
Washington sync generator. Then, by
superiinposition of New York and
Washington pictures and by means of
the phase control, the Washington sync
generator can be accurately timed
both horizontally and vertically so that
the Washington pulses are coincident
with the New York pulses on arrival
in New York., With the other audlock
system, the sync generator at Cape
Kennedy can be similarly adjusted so
that its pulses are coincident with the
New York pulses. Thus, the timing
problems between New York and any
remote studio are solved. Audlock has
been very successful in black-and-white
TV and is now being used for color
pickups.

The success of audlock has suggested
other schemes to eliminate the need
for time-control circuits between pick-
up points and a central control loca-
tion. One such scheme would use very
stable 3.58-MHz oscillators to control
the sync generators. The stability of
this system must be on the order of
one part in 10", It is reasoned that if a
stable 3.58-MHz oscillator, -8 used to
time the remote sync generator, it
should be possible for New York, on
viewing a TV picture from tlie remote
pickup, to arrange Dby teleplhone for
framing adjustinents at one end or the
other. Such a system is now in opera-
tion for Dblack-and-white TV and re-
quires only daily checking and minor

adjustment of phase each moring.
Tests in color TV indicate that at this
stage the technique does not provide
sufficient stability of color subcarrier
reference to permit dissolves or special
effects due to time lag and short phase
delays in the intercity circuits.

Banding

In tape machines, a phenomenon
known as “banding” occurs that shows
up in a color receiver as horizontal
bands of slightly different colors ex-
tending across the screen. This is strict-
ly a function of VTR head wear and
alignment. The electrical and mechan-
ical characteristics of the four rapidly
spinning (1500 ips) VTR heads must
be maintained to within a couple of
electrical degrees (at 3.58 MHz) to
remove this banding. It does not take
much tape passage through the VTR
to produce the slight head wear that
causes these small phase shifts, there-
fore color shifts. New and improved
VTR heads, tape, and maintenance
techniques are slowly eliminating this
problem.

Color Set Set-up

Most color-TV" engineers appear to
use a particular method of setting up
their home color receivers. This tecl-
nique is as follows.

First, allow sufficient warm-up time
so that all circuits stabilize. Turn off
the chroma gain control so that a mono-
chrome picture is produced. Then ad-
just the set’s fine tuning for a clean,
sharp monochrome picture just before
the picture breaks up into “squiggles”
(this is the point of maximum band-
width just before the video carrier drops
off its correct place on the response
curve). Next, adjust the contrast and
brightness controls for the best mono-
chrome picture. Now bring up the
chroma gain for the “best” amount of
color, avoiding saturation of the single
color areas. Then adjust the tint control
until the picture looks natural in its
coloration.

The best method of setting both
chroma gain and tint controls is the use
of so-called “flesh tone” color. This
is not a standard color so problems oc-
cur. It is best to use a girl’s picture to
make these adjustments as most girls
on color-TV programs are well made
up and have almost identical com-
plexions. Men are more prone to skin
discoloration and various degrees of
tanning; therefore, a chroma adjust-
ment on a man may not be best for
the over-all color program.

Many engineers claim that too many
color-set owners adjust for the satu-
rated colors that are seen in cartoons
rather than for the pastels normally
found in nature, and they trace many
complaints to this color-for-the-sake-of-
color adjustment. A
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Frequency Synthesizer
(Continued from page 48)

operation and reduction of h.f. com-
ponents in the l.f.o. output, it is often
desirable to track the l.f.o. tank.

Simultaneous Crystal Operation

If both the h.f.o. and Lf.o. are con-
nected to the same crystal, each op-
erates essentially as it would without
the other. Note that the fifth harmonic
of the Lf.o. does not equal the h.f.o.
(fifth-overtone) frequency. This may
be referred to as correlation offset and
is a function of both circuit and crystal.
Crystal vendors have demonstrated their
ability to independently control funda-
mental and fifth-overtone frequencies
within narrow limits. The circuits
should, therefore, be designed with the
correlation offset taken into account to
establish the exact frequencies re-
quired. With the proper choice of C
for the h.f.o. crystal, h.f.o. shift with the
connections of the L.f.0. is about 0.0002%.

The most serious problem during
simultaneous crystal operation is the
presence of the lLf.o. fifth harmonic in
the h.f.o. output. The inductance L is
intended to be a low impedance at the
fundamental frequency thereby mini-
mizing fundamental voltage across it
due to fundamental crystal current.
This fundamental crosstalk appears to
cause the fifth-harmonic spurious out-
put in the h.f.o. These spurious com-
ponents are separated by about 0.1%
from the desired h.f.o. frequency and
with reasonable care can be maintained
60 dB below the desired output
amplitude.

In later versions of this circuit, the
crystal is grounded with appropriate
L and C coupling, as shown in block
form in Fig. 6B. This configuration
is much simpler since it does not re-
quire a separate L and C for each
crystal. The basic oscillator circuits are
essentially unchanged.

Both vacuum-tube and transistorized
versions of these circuits have been
made with comparable performance.

Frequency stability of the synthe-
sized output signal is controlled pri-
marily by the h.f.o. since a given per-
centage error in the h.f.o. represents a
much larger actual frequency shift
than the same percentage of L.f.0. error.
The frequency stability of the h.f.o. in
this system is that of the usual over-
tone oscillator, or about == 0.001%.

Frequency stability of the 1.f.0. is not
as good a circuit as one with a crystal
cut for maximum frequency stability
on the fundamental mode. With prop-
er oscillator design, stabilities of about
=+ 0.005% are obtained. In the case
of the “Mark III” synthesizer, these
stabilities result in an output frequency
stability of = 0.0015%. A
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SYMMETRICAL

Symmetrical control system ...a unique TEAC
system, something you won’t find on other tape
recorders. These push-buttons provide the sim-
plest of operations. They are of the feather-touch,
fool-proof type, which are electrically controlled.
What made this system possible? TEAC’s 3-motor.
4-head and electric sensing automatic reverse sys-
tem. Another feature of TEAC’s A-4010 is the tape
tension control switch which assures complete pro-
tection for thin long-playing tapes. TEAC’s A-4010
is the ultimate in stereo tape recording. It provides
you operational ease, with professional quality for
home listening enjoyment.

INTERCONTINENTAL SEAWAY
T E PRODUCTS COMPANY
5400 E. 96th Street

(PronounCed TEE-AK) Cleveland, Ohio 44125
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BARGAIN  FREE! GIANT Icl;:rro ELEBT R 0 N I cs

HINTNE? o ENSATIONAL
ELECTRONICS CATALOG
HENSHAW TV SUPPLY

~__W_ 3617 TROOST, KANSAS CITY, MO.

V.T.I. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula

both available. Assoc. degree in
29 mos. B. S also obtainable.
G.I. approved. Graduates in all

A N Electronics AT H E
Engineering
Fix TV, design antomation systems. Jearn iransistors,
compleLe eloctronscs College level Home Study
courses taught so you can understnnd them. Earn
more in the highly’ paid electronics industry. Com-
puters. Missiles, theory and practical, Kits furnished.
Over 30,000 graduates now emploved. Resldent
classcs at our (,lnc'mo campus if desired. Founded

branches of electronics with
major companies, Start Feb-
ruary, September. Dorms,
campus. High school graduate
or equivalent. Write for catalog.

1934ml(l‘at’rlux: Vets—wrlte for informatlon about .
American l'Instltute of Engineering & Technology VALPARMSO TECHN":AL INS[ITUTE
. 1141 West Fullerton Parkway Chicago, Ilf. 60614 Dept. RD, Valparaiso, Indiana

ORGANIZE' DO IT NOW!

; MAGNETIC VISUAL CONTROL
BOARDS SIMPLIFY WORK
COLORFUL

MAGNETIC ELEMENTS

« show facts instantly

« organize for action

+ eliminate mistakes

+ get the job done
MAGNETS MOVE FASTEST—

AND EASIEST—OF ALL

WRITE FOR FREE 28 PAGE
ILLUSTRATED CATALOG EW12
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What’s the best antenna heading to hear a 6W8?

What time is it in Zanzibar ?

How many IRC's for a letter from a ZP? o

Are the Dodecanese in Asia?
Is.a ZE in DX Zone 387

What’s the address of the
Venezuela QSL Bureau ?

Find all the
answers fast
with the

BRAND-NEW
4TH EDITION
OF WOIOP'S
SECOND OP
$1.00

Or send $1.00 foday directly fo us.

Put vital world-wide DX data at your fingertips with this 104" circular calculator,
Shows beam headings, time differences, postal rates,
DX zones, QSL bureaus, many more DX facts ...
at a glance! The fully-revised 4th Edition is now at
your nearby E-V ham microphone headquarters,

EleilioYoree
ELECTRO-VOICE, INC,,

Dept. 1263N, 629 Cecil Street,
Buchanan, Michigan 49107
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EARN
816G MONEY

in MOBILE-RADIO MAINTENANCE

GET INTO THIS RAPIDLY

GROWING FIELD WITH
2nd CLASS TICKET AND

) LAMPKIN MOBILE-
SERVICE METERS!

LAMPKIN 105-B
MICROMETER FREQUENCY METER

Measures all mobile-transmitter cen-
ter frequencies, 100 KC to 175 MC.
Heterodyne-type, with internal crys-
tal standard. Pinpoint signal genera-
tor for receiver alignment. Ideal for
Citizens Band, Business Radio, Ma-
rine, Aviation and other services.
Lowest cost per cennel. Ample accu-
racy for all services, except split-
channels above 50 MC.* Weight 8
Ibs,, price $295.00.

These meters . . . with no additional crystals
or factory adjustments . . . will check
frequencies and FM modulation on un.
limited channels at the lowest cost per
channel!

split channels. Price $160.00.

LAMPKIN LABORATORIES, INC.

BRADENTON. FLORIDA

I Name

LAMPKIN 205-A
FM MODULATION METER

Measures true, instantaneous peak
swing due to modulation on FM trans-
mitters, 25 MC to 500 MC, continuous.
Easy to operate, direct readout on
0-12.5, 0-25 PKC meter. Portable,
just a 2-finger load. $290.00. Quad-
Scale version with -1.25/0-2.5 PKC
added for selective calling, $340.00.

FREE BOOKLET!

Send for “"HOW TO MAKE
MONEY IN MOBILE-RADIO
MAINTENANCE?,

MAIL COUPON TODAY!

LAMPKIN LABORATORIES, INC.

*The PPM Meter, accessory to the 105-B, | pm¢m Division, Bradenton, Florida 33505 |

has accuracy better than 0.0001%,, OK for | At no obligation to me, please send free
| booklet and information on Lampkin meters.

|
|
Address. {
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IC Phonograph
(Continued from page 29)

strap capacitor which ensures full drive
during the positive half of the output
signal.

Warning! Don’t try this circuit with
conventional components. It won’t work
due to the lack of thermal feedback
which is present in the integrated cir-
cuit.

Service Tips

Because of the unusually good ther-
mal characteristics of the IC, this am-
plifier should be free from the normal
failures found in transistor amplifiers.
Since the service technician is not ex-
pected to have a supply of these units
on his shelf, it is strongly recommended
that he connect a No. 53 or 47 pilot
light bulb in series with the power-sup-
ply lead as indicated on the complete
schematic during testing. This will lim-
it the current and indicate a safe idle
current (no glow in bulb). If it is ever
necessary to replace the integrated cir-
cuit, it will be available separately as
a replacement part for approximately
$6.00.

Any failures are expected to be due
to external components such as elec-
trolytics or the power rectifiers. So be
sure to replace the components that
caused the failure before replacing the
integrated circuit. The normal tech-
nique of replacing a suspected elec-
trolytic with a known good one works
here. Note that if C3 is leaky, it will
cause high idle current since it dis-
turbs the d.c. feedback path. Because
it only affects low-frequency response,
the amplifier may be operated with
this capacitor removed as a check of
its performance. A

o
o
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"Here’s another one, Harry.”

70 ELECTRONICS WORLD



""ELECTRONIC CABLE HANDBOOK' by
The Engineering Staff, Belden Manu-
facturing Co. Published by Howard W.
Sams & Co., Inc., Indianapolis. 219
pages. Price $3.95. Soft cover.

This comprehensive handbook cov-
ers wires and cables ranging from the
miniature cables used for phono pick-
ups to those designed for use in outer
space, The first chapter explains in de-
tail the design, construction, and han-
dling of various tvpes of modern elec-
tronic cable and provides information
on state-of-the-art cable design, speci-
fications, and applications.

Specific applications are covered in
detail with entive sections devoted to
cables for intercom systems, hi-fi, home
entertainment svstems, FM, two-way
radio, etc. Both military and non-mili-
tary specifications are included in this
informative volume.

As an exercise in providing a maxi-
mum amount of useful information in
a minimum of space, this volume
would be hard to beat.

""CREATIVE ELECTRONICS FABRICATION"
by Owen G. Patrick. Published by Holt,
Rinchart and Winston, Inc., New York.
253 pages. Price $6.50.

This volume is addressed to students
training to become electronics techni-
cians and, secondarily, to those already
in the ficld who wish to upgrade their
skills and improve their chances of pro-
motion TFor this latter group, some of
the basic material presented by the au-
thor may seem a little too basic, but
since new techniques are being adopted
constantly, it might be worth their
while to test their older methods against
the newer wayvs of doing the job as
suggested in this text.

This text is divided into four main
parts: Part One covers general proce-
dures; Part Two permits the student
to test his skills by building a signal
tracer; Part Three deals with tools and
their uses; while Part Four goes into
the various processes and techniques
which the technician will be expected
to have mastered.

The book is well illustrated and
the writing is such that the student
studying on his own should have no
difficulty in acquiring a firm theoretical
background even if he doesn’t have a
completely equipped laboratory at his
disposal.

* ]
101 WAYS TO USE YOUR COLOR-TV
EQUIPMENT'' by Robert G. Middleton.
Published by Howard W. Sams &
Co., Inec., Indianapolis, Ind. 158 pages.
Price $2.95. Soft cover.

This is another volume in this pub-
lisher’s current series under the gen-
eral title “101 \Ways. 7 and
follows the same format as the pre-
vious volumes in the series.

Since this is a specialized book
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which tells how color-TV test equip-
ment is to be used, the author has
assumed that his reader is familiar
with color-TV theory and makes no
attempt at providing servicing infor-
mation. The text is divided into ten
main sections covering equipment
checks; chroma signal tracing; color
sync tests; chroma demodulation tests,
matrix tests, bandpass section tests,
regeneration tests, sequential chroma
tests, convergence tests, and miscel-
laneous tests.

Each type of test is coded and the
code listed in the index to facilitate
locating the specific test required. Under
each test the author lists the equipment
to be used, the connections required, the
procedure, and the evaluation of test
results. In each case a block diagram
of the hookup and other pertinent
details are illustrated—such as the cor-
rect pattern, scope displays, etc. Where
required, partial schematics covering
the circuit under test are included.

¥* #*

“LASERS" edited by Albert K. Levine.
Published by Marcel Dekker, Inc., 95
Madison  Avenue, New York, N.Y.,
10016. 347 pages. Price $14.50. (Vol. 1).

Volume 1 is subtitled “A Series of
Advances” and is a compilation of five
papers by seven engineers from Hughes
Rescarch Laboratories, Bell Telephone
Laboratorics, and General Telephone &
Electronics Laboratories.

The proliferation of lasers of various
types has created a tendency to special-
ize with the result that engineers actu-
ally working in the field are unaware
of or untutored in the finer points of
cther types of lasers. This volume is an
attempt to correct this situation.

By assembling the thoughts of spe-
cialists in each particular field, the
editor has presented a broad spectrum
of modern laser technology. This volume
covers pulsed ruby lasers, optically
pumped pulsed crystal lasers other than
ruby, organic laser systems, “Q” modu-
lation of lasers, and modes in optical
resonators.

Since this volume is written by engi-
neers for engineers, they have assumed
the requisite background in electronics
and mathematics on the part of their
readers. Volume 2 of this series will
deal with gas lasers, the injection laser,
glass lasers, non-linear optics, optically
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pumped c.w. lasers, and the frequency
stabilization of gas lasers.
¥* * *

“’‘DIRECT CURRENT CIRCUITS AND MEA-
SUREMENTS and “’ALTERNATING CUR-
RENT CIRCUITS AND MEASUREMENTS"
by C. J. Anderson, A. Santanelli &
F. R. Kulis. Published by Prentice-Fall,
Inc., Englewood Cliffs, N.J. 07632. 337
& 367 pages, respectively. Price $12.00
each.

These two self-instructional pro-
grammed manuals are both practical and
comprehensive. They can be used by
the beginner, the student in an edu-
cational or industrial course, or as a
brush-up course by those already in the
electrical, electronic, or computer fields.
Prerequisite is a working knowledge of
algebra and general science.

The format is the now-familiar pro-
grammed style with correct answers
provided for each “frame” and an over-
all test at the end of each chapter. The
text also includes certain lab experi-
ments which can be performed if suit-
able equipment is available but simu-
lated if not.

Either or both of these volumes could
serve as excellent introductions to their
respective subjects.

¥* * *
“MODERN ELECTRONICS" by de Waard
& Lazarus. Published by Addison-Wes-
ley Publishing Company, Inc., Reading,
Mass. 01867. 347 pages. Price $9.75.

This volume is designed to be used
either as an undergraduate text in
physics or engineering or a self-teaching
device for engineers and scientists seek-
ing more background in electronics.
Treating the basic physics of electronic
devices and circuits, the purpose of the
book is to convey practical information
about such circuits and their limitations.

There are ten chapters covering elec-
trons and electronics, electronic tubes,
semiconductor devices, basic amplifier
circuits, feedback amplifiers, special
amplifier circuits, power supplies, oscil-
lators, pulse circuits, and noise. Two
appendices cover complex notation for
a.c. circuits and typical tube and tran-
sistor characteristics.

The treatment is mathematical and
the authors suggest that a firm grasp
of general physics. calculus. and simple
a.c. and d.c. circuit theory are pre-
requisite.

71



Soviet Color-TV System

By LESLIE SOLOMON / Associate Editor

Soviet engineers have proposed a color-TV transmission
system that has no local color subcarrier oscillator,
and is said to be immune from any transmission and
reception differential phase and gain distortion.

N the dozen or so years since the in-
troduction of the NTSC method of

color-TV transmission and reception, and
despite the experience gathered in the
production of over a million operating
color-TV" sets in the U.S.A., the Euro-
peans have still not decided whether to
use the American NTSC system, the
French SECAM, the German PAL, the
British ART, or now the Soviet NIR
(SEQUAM) system,

One major bone of contention among
European engineers is that the NTSC
system has tolerances that are too tight
compared with the tolerances of the
manufactured equipment being used.
Criticism is aimed at the sensitivity of
the NTSC cliroma signal to differential
phase and gain change, particularly over
considerable distances and through many
different transmission paths.

Proponents of the SECAM system
claim that to ensure a passable image
quality using NTSC, the total differential
phase must remain less than 12° and
10° in the case of cumulative defects.
(It should be noted that a phase change
of 5° can produce a noticeable color
change in a receiver.) Advocates of
SECAM estimate that the total differ-
ential phase economically possible on the
European networks is 27°, of which 10°
is due to radio links. However, a typical
American TV network (NBC) claims
an average of 3° differential phase shift
over approximately 3000 miles of its
network, coast-to-coast.

In their desire to improve the NTSC
signal, French engineers have proposed
SECAM (acronym for sequential mem-
ory) in which the color subcarrier is
frequency-modulated with only one axis
transmitted at a time during each hor-
izontal line scanning time. The other
axis is transmitted during the following
horizontal line scanning time (i.e., R—Y,
B—Y, R—Y...etc.). This technique
necessitates the use of a one-line delay
network and an appropriate switcher at
the receiver in order to provide the de-
coder with the necessary color difference
signals,

German engineers came up with the
PAL (phase alternate line) system in
which the basic SECAM system is used
to modulate the phase of a quadrature-
modulated subcarrier, with the phase al-
ternated on successive scanning lines.
According to PAL proponents, this en-
ables any phase errors to be corrected.
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British engineers suggested the ART
(additional reference transmission) sys-
tem which provides a reference signal for
decoding the quadrature-modulated sub-
carrier along the entire length of the ac-
tive part of the line-scanning interval,
riding up and down on the luminance
signal, and providing an automatic cor-
rection signal to counter any subcarrier
amplitude or gain distortion.

Now Soviet engineers have entered
the fray with their NIR system (acronym
unknown). Because this system uses a
quadrature-modulated subcarrier on al-
ternate lines, it has been unofficially
christened SEQUAM. Although no offi-
cial information has been released on
this system (at least at the time of this
writing), it is believed to operate as
follows.

A substantially conventional NTSC
R—Y and B—Y color difference signal,
with hue carried as subcarrier phase
modulation and with saturation deter-
mined by the ratio of the square of the
subcarrier amplitude to the luminance
(Y) signal amplitude, is carried on al-
ternate lines of any one field. There is
no reference burst carried on the hori-
zontal sync back porch.

The alternate set of lines within that
field carries just the subcarrier with no
phase modulation (may be fixed at B—Y,
for example), but whose amplitude is
modulated by the instantaneous ampli-
tude of the chroma and Y information.

This means that in any one field, one
set of lines carries only the chroma in-
formation while the alternate lines carry
the subcarrier reference. In the follow-
ing field, positions are reversed.

Fig. 1. Composite color signal combines
both chroma and reference signals so that
transmission path changes affects both, re-
ducing differential phase and gain errors.

SUBCARRIER IN

CHROMA
ELECTRONIC
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SWITCH
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DEMOD. LJ LP-B--‘Y

FILTER

HORIZ. SYNC

TO
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LOW-PASS R-¥
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DEMOD,

-45¢°
PHASE
SHIFT

+45°

In the NIR receiver (Fig. 1), the
subcarrier input is fed to an electronic
switch operating at horizontal line fre-
quency with one input to the switch
passed through a 684-psec (one horizontal
line) delay. The output of the switch is
arranged so that one output always car-
ries the chroma information, while the
other output always carries the reference
information.

In the B—Y channel, the chroma and
the reference are fed to a synchronous
demodulator arranged to produce the
B—Y signal. The subcarrier frequency is
filtered out, and the B—Y output is con-
ventionally fed to a matrix,

In the R—Y channel, the chroma and
reference signals are passed through
phase shifters to produce a total of 90°
phase difference between the signals,
thus producing the R—Y signal, which
also has the subcarrier frequency filtered
out, then applied to the matrix.

Note that in this method of color trans-
mission, any transmission faults pro-
ducing differential phase shift or differ-
ential gain changes across any horizontal
line apply to both chroma and reference
signals alike, thus nullifying any distor-
tions. Also of interest is the fact that a
local subcarrier oscillator is not required,
as the composite color signal contains
all required information, A

LASER TV DISPLAY
EVELOPMENT of the laser as a

practical, continuous light source
has opened the way for a novel and
promising new approach to large-
screen, high-brightness, high-resolution
TV projection.

Developed by Texas Instruments Inc.,
the new projection system uses a con-
ventional monochrome closed-circuit TV
camera to modulate an electro-optical
light modulator placed in the laser
beam path. A unique electro-optical
scanning system is used to generate the
raster for this display systemn.

The developmental model has a mon-
ochromatic (red) light, a resolution of
525 lines, a bandwidth of 4.5 MHz, and
a brightness of 8 footlamberts on its
30-inch by 40-inch screen.

Two full-color versions are now being
considered. One version will consist of
three independent lasers, one emitting
green, one emitting blue, and the other
emitting red light beams. These three
beams will be individually modulated by
electro-optical modulators with their re-
spective color information, then opti-
cally mixed into a single beam for
scanning and display.

The second approach involves the
use of two lasers, one for red and the
other for a blue-green beam that will
be split into separate blue and green
components, using optical filters, and
then modulated, mixed, and displayed.

The full-color design objective is a
1029-line display, 30-MHz bandwidth,
and 50-footlainberts brightness on a
100 square foot screen. A
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Shadow-Mask Color-TV Tubes
(Continued from page 45)

does not make the structure equivalent
to the high-focus design, as far as po-
tential is concerned, for the Einzel lens
has three times the number of gaps at
the high-potential difference and there-
fore three times the opportunity for
breakdown. Obviously, the low-focus
design has to have even more carefully
processed lens cylinders, better polished
surfaces, protection after cleaning, and
critical cleanup (spot knocking) after
exhaust and during high-voltage pro-
cessing. (Spot knocking is the removal
of potential voltage breakdown or arc-
over sources between gun elements. )

Shadow Masks

In the progression from round to
rectangular color tubes, which was in-
tended to improve the adaptability of
the tube to various receiver designs, a
new set of circumstances arose. The
symmetry of the round bulb and round
shadow-mask frame assembly plus the
essentially symmetrical mask-frame
spring-to-bulb  stud-support arrange-
ment minimized distortion and align-
ment requirements or limits for ac-
ceptable color purity. The rectangular
bulb and rectangular shadow-mask
frame with their irregular shape posed

new problems. The lack of symmetry
of rectangular bulbs made it necessary
to change the temperature gradient in
the glass processing, improve the seal
edge of the funnel structure, and de-
velop an improved frit in order to main-
tain shape and provide a strong en-
velope. The glass face panel on which
the screen was printed also had to be
specially treated to prevent distortions.
These distortions, which occur during
the thermal processing steps subse-
quent to screening, would have affect-
ed the purity range and have made
the external neck component position-
ing and electrical adjustment of the
tube in the receiver more critical.
The frame which supports the shad-
ow mask went through many design
changes including mechanical, anneal-
ing, and restriking, all to minimize the
effect of distortions on the shadow
mask which must show minimum
change from the planned curvature after
tube processing. Fig. 5 compares a
round and rectangular shadow mask.
The shadow-mask curvature match
to the face panel must be maintained
if the tube is to provide acceptable set-
up adjustment range and color purity.
As a point of information, the shad-
ow-mask is made from SAE No. 1010
steel .006 inch thick, and although this
is an ordinary type of low-carbon steel,
special care is taken to assure uniform

reaction of the material throughout
the melting, chemical-etching, heat,
rolling, forming, and blackening pro-
cesses that precede its assembly to the
support frame.

Most recently, the design of the mask
support springs has included changes
in material and structure which reduce
mask shift due to temperature changes
in the mask brought about by electron
bombardment during operation. The
change in alignment of the holes in the
mask and the phosphor triads is mini-
mized between turn on and equilibri-
um temperature by the compensation
provided by a bimetallic spring and
mounting arrangement. This correcting
or compensating action reduces the
chance that there will be any change
in alignment between the phosphor dot
screen and the aperture mask (shad-
ow mask) and therefore any change
in color purity during this period.

Mask hole configuration is not the
same for the various tube sizes in the
present family of shadow-mask color
tubes. The arrangement of the holes,
that is, their spacing and their size,
must follow certain rules if moiré pat-
terns or beat interference between rows
of aperture in the mask and raster scan
lines are to be avoided. The 25-, 19-,
and 15-inch tube types have center-to-
center spacing of apertures of .028,
.023, and .025 inch, respectively.

ZENITH QUALITY
LOUDSPEAKERS AND

BATTERIES

Looking for the finest replacement
loudspeaker you can find? It’s Zenith
... for practically any purpose:
stereo, TV, radio or car radio. Zenith
has sold quality speakers for over
45 years. Today you can choose
from a full line, with each speaker
offering exceptional power and fre-
quency response.

Order all genuine Zenilh replacement parts and acc:ssories from your Zenith distribulor.

BUILT TO THE QUALITY STANDARDS OF ZENITH ORIGINAL PARTS

t”l ’ ” The quality goes in before the name goes on
®

Zenith Quality Long Life batteries
with “Transistor Blend” electrolyte
are designed for superior perform-
ance in transistor radios. Zenith’s
high standards and constant Positive
Quality Control help Zenith bat-
teries deliver more power and longer
service for radios
and flashlights.
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1000 Crystal Drive

Phone: 813-936-2109

The Heart

* Controlled Quality Crystals available
only from Texas Crystals dealers. Ex-
tensive precision testing throughout
manufacture enables Texas Crystals to
unconditionally guarantee their fre-
quency control crystals. Use of Texas
Crystals in space program and by
other governmental agencies is evi-
dence of the quality you can count on,

If your dealer can't supply your needs,
send his name with your
request for catalog to our plant nearest you,

TEXAS
CRYSTALS °|°

Division of Whitehall Electronics Corp.

4117 W. Jefferson Blvd.
Fort Myers, Fla. 33901 Los Angeles, Calif. 20016
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Phone: 213-731-2258
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NEW 514-PAGE
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ALLIED

CATALOG

Top savings on the best
in electronics for everyone

SAVE MOST ON:

e Famous Knight-Kits

o Stereo Hi-Fi

e Tape Recorders & Tape
e CB 2-Way Radio

o Walkie-talkies

o FM-AM & AM Radios

o Short Wave & Ham Gear
o Portable TV & Phonos
o Intercom & P.A.

e Automotive Electronics
o Test Instruments

o TV Antennas & Tubes
o Power Tools, Hardware
® Tubes, Transistors

e Parts, Batteries, Books
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ALLIED RADIO, DEPT, 1-M

P.O. BOX 4398, Chicago, IIl, 60680

[0 Send FREE 1967 ALLIED CATALOG

Shop by mail and
save at Allied, world's
largest electronics
headquarters. Hun-
dreds of money-
saving values, in-
cluding fun-to-build
Knight-Kits, and
many specials avail-
able only from Allied,
NO MONEY DOWN!
24 MONTHS TO PAY!
Enjoy the things you
want now, while you
pay for them on the
convenient Allied
Credit Fund Plan.

PLEASE PRINT
Address
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State.
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Although mask hole size has an ef-
fect on the resolution capability of the
tube, a more important factor is the
size and shape of the electron gun’s
beam. This varies according to the cur-
rent in the beam, the applied focus
voltage, the spot quality of the electron
guns, and how closely matched they
are for optimum focus. For any reason-
able beam current, the three guns must
be individually capable of producing a
good electron beam bundle. To mini-
mize the disparity between the spot
sizes of the three guns, they must come
to focus at essentially the same volt-
age. Under typical test conditions of
300 microamperes beam current, mod-
ern tubes are designed to provide a
resolution of 400 to 450 lines.

Under typical current or drive con-
ditions, the electron beams will cover
about five to six holes of the shadow
mask, which gives an idea of the color
resolution that today’s typical shadow-
mask color tubes are designed to pro-
vide.

The Future

The obvious question that arises at
this point is, “Where do we go from
here?” The industry has moved very
rapidly in these last few years, and
there is a need to solidify the present
developments. The change to 90° de-
flection and at the same time to rec-
tangular structures was a real advance
yet one which brought with it serious
problems in duplicating the perform-
ance both visually and electrically of
the 21-inch, round 70° tube.

A move to greater deflection angles
such as 110°, as was done in the case
of monochrome, could come with time,
but the problems associated with such

. a change in a color tube bear essential-

ly no resemblance to the same prob-
lems in monochrome. About all that
was needed in the case of monochrome
was a new wider angle bulb. This is
not true with regard to color, for prac-
tically everything associated with both
the building and application of a wider
deflection angle color tube changes and
becomes increasingly more difficult and
critical. A move in this direction, as-
suming that performance will not be
allowed to be degraded, will require,
in addition to all the new manufactur-
ing techniques and equipment changes,
new circuitry, circuit components, and
tube components. Although circuitry,
deflection yokes, convergence assem-
blies, and purity assemblies can be de-
veloped, the question is whether reli-
ability and performance will be ac-
ceptable.

Although much research is going into
the other-than-shadow-mask types of
picture tubes, none is capable of pro-
ducing acceptable color pictures at this
time. It is felt that the three-gun tube
will be in use for a very long ime. A

Cryogenic Level Controls
(Continued from page 38)

trolled rectifier a.c. static switch pro-
vided this action,

The original SCR a.c. static switch
appears in Fig. 9. This circuit was de-
signed to handle large amounts of al-
ternating current with a low-current
switching device connected across the
gates of the SCR’s. In the cryogenic
level control modification, a thermistor
was substituted for the switching de-
vice and a time-delay relay was used
for the load resistance. The revised cir-
cuit appears in Fig. 10.

When the thermistor is immersed in
liquid nitrogen, its resistance value in-
creases enough to completely turn off
the SCR switch circuit. Most of the
a.c. line voltage appears across the sen-
sor through the time-delay relay heat-
er which is cool and low in resistance.
A small amount of current flows through
the sensor to maintain internal heat.

As the liquid level drops and exposes
the thermistor, its resistance drops due
to warming by internal heat, and the
SCR’s start to conduct. As current be-
gins to flow through the relay heater,
its resistance starts to rise, dropping
an increasing amount of voltage. As
more voltage is applied to the heater,
less voltage is available to heat the sen-
sor due to the bypassing of current
through the SCR’s. When the SCR
switch is turned fully on, very little
voltage is left on the sensor. As the
sensing thermistor is again covered
with liquid, the resistance rises sharply,
turning off the SCR switch and shut-
ting off the current to the relay heater.
As the heater cools, full line voltage is
restored to the sensor for heating.

The transition of the circuit from on
to off is smooth and operates flawlessly;
heat is applied as needed to the sen-
sor and removed when it could be
damaging. The time-delay relay changes
the slow rising and falling voltage
across the heater to an abrupt “on-off”
signal through the relay contacts.

By careful selection of the value and
temperature coefficient of the sensing
thermistor, along with the proper phys-
ical size for the correct power dissipa-
tion, the circuit can be made to tolerate
line-voltage variations as great as 90 to
140 volts a.c. without seriously affect-
ing the operation and can positively
distinguish between liquid and vapor
without adjustments of any kind.

In this article we have seen how elec-
tronics and solid-state devices have
come to the field of cryogenic liquid
level control. Like so many other fields
of application that were formerly domi-
nated by mechanical devices of various
types, this field is now finding use for
electronic controls with their improved
reliability and sens:tivity. A

ELZCTRONICS WORLD



|

Mo

%;/’ = HiF i l.u-um N na
TAPE HEBUR[IER 1967

EVEESTITING 10 NUR a6cw

How 1o Chiogse a l‘apP Fuurﬂer * The New Taun car mﬂgv
Machires for Home and Car & Roundup of Video Recorders
Tape Ediing  Taping Off the Air # Prerecurded Tapes
Fortabie Becorders # (peraung Prineiples ol Recorders
Directory of Wereo Tupe Rocorders. Accessosies. Mikes

w)y A

gg eeny meeny,
., miney, mo .

« « « But we’ve got a better idea. It’s called the
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Well, that’s one way to buy a tape recorder . . .
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1967 TAPE RECORDER ANNUAL

~your guidetothetaperecorder brands and models onthe marketright
this minute. The only buyer’s guide of its kind available-in the field!

Oh, it may not be as exciting as the “blind-
man’s-bluff’”” method, but it sure is a lot less
costly . . . and less disappointing. This ency-
clopedic volume will arm you with all the
essential data you need to go out and pick
the very best recording equipment in your
price range. Without a qualm. Without an
‘‘after-you-get-it-home’’ let-down. Without a
blindfold!

You'll find more than 132 pages of full
information on over 250 models from virtu-
ally every major manufacturer. Stereo and
mono. Portables and full home installations.
Even video tape recorders and the new car
cartridge machines! All the model numbers,

EDITION FOR $3 POSTPAID!

THE 1967 TAPE RECORDER ANNUAL
is also available in a splendid
defuxe edition, Rugged ieatherflex
cover provides lasting protectron
yet is softly textured and geld-
embossed for the look of elegance.
A collector’s item—a superb addi-
tion to your permanent reference
library. And it's yours, for just
$3 postpaid, when vou check the
appropriate box on the order form.

GET THE HANDSOME LEATHERFLEX-COVERED

name.
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Ziff-Davis Service Division, Dept. TRA

589 Broadway, New York, N.Y. 10012

Please send my copy of the 1967 TAPE RECORDER ANNUAL as checked below:

0 | am enclosing $1.25 plus 15c for shipping and handling for the Regular
Edition. ($1.75 for orders outside U.S.A.)

| am enclosing $3.00. Please send me, postpaid, the Leatherflex-covered
Deluxe Edition. ($3.75 for orders outside U.S.A.) (Please allow 3 additional
weeks for delivery of the Deluxe Edition.)

specifications, dimensions and prices. Al-
most 200 photos. Every vital statistic you
need to compare the newest recorders and
select the one that will bring you the greatest
value for your dollar!

And that’s only half the story. After you buy
your recorder, turn to the articles on micro-
phone selection, basic tape recorder theory,
taping off the air, creative editing or the
special accessories section. You'll get expert
tips by the dozens. Ten complete features
covering every aspect of tape recording. All
designed to give you better performance,
greater versatility and a lot more fun from
your tape recorder!

How much for this indispensable treasury of sound advice? Just $1.25. A small price for a big eye-opener.
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“He's a good worker.
I'd promote him right now
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Could they
be talking about you?

You'll miss a lot of opportunities if you try to get along in the
electronics industry without an advanced education. Many doors
will be closed to you, and no amount of hard work will open them.

But you can build a rewarding career if you supplement your
experience with specialized knowledge of one of the key areas of
electronics. As a specialist, you will enjoy security, excellent
pay, and the kind of future you want for yourself and your family.

Going back to school isn't easy for @a man with a full-time job and
family obligations, But CRE! Home Study Programs make it pos-
sible for you to get the additional education you need without
attending classes. You study at home, at your own pace, on your
own schedule, You study with the assurance that what you learn
can be applied to the job immediately,

CREI Programs cover all important areas of electronics including
communications, servo-mechanisms, even spacecraft tracking
and control, You're sure to find a program that fits your career
objectives.

You're eligible for a CREI Program if you work in electronics and
have a high school education. Our FREE book gives complete
information. Airmail postpaid card for your copy. If card is de-
tached, use coupon below or write: CREI, Dept.1122-D,3224
Sixteenth Street, N.W., Washington, D.C. 20010.

Founded 1927

CRET

Accredited Member
of the National Home Study Council

The Capitol Radio Engineering Institute
Dept. 1122-D, 3224 Sixteenth Street, N.W., Washington, D.C. 20010

Please send me FREE book describing CREIl Programs, | am em-
ployed in electronics and have a high school education.
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DLCT 7.5 watts | DLC 7.5 WATTS
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{

aM2CT 15- waTTs | 8M2C

15 WATTS

NEW NEW

CORBREFLEX 30/307

30 WATTS

SH-30/30T

30 WATTS

NEW FROM
UNIVERSITY
SOUND

additions

to the world’s
greatest

selection of

paging-talkback
speakers!

What's your pleasure? Communica-
tions to fit the whisper of a medium-
sized office . . . or the roar of Grand
Central Station? University has 'em!
Some with full frequency response for
background music. All with the crisp,
natural voice quality so unique to
University. Write for our new '66/'67
PA Catalog today.

(D UNIVERSITY SOUND

A DIVISION OF LYV LING ALTEC, INC.

Dept, M-65, P.O. Box 1056, Oklahoma City, Okla.
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Chroma Circuits: Sylvania
(Continued from page 35)

ence signal, portions of the red and blue
signals are applied through R4, R5, and
R6 to the grid of the triode section of
demodulator V2. The values of these
three resistors are chosen to provide the
correct amplitude ratio between the R—
Y and the B—Y signals, as determined
by the vector diagram of Fig. 2. By
adding the red and blue color-differ-
ence signals in the ratio of 0.829 to
0.559, the negative green difference sig-
nal (amplitude 1.00) is obtained. The
simple triode amplifier provides the
necessary polarity inversion, and, at its
plate, the correct polarity G—Y signal
appears. As in all color-TV receivers,
the color-difference signal going to the
three CRT control grids is d.c.-coupled
by a series resistor and is shunted by
a suitable capacitor.

High-Voltage Regulator

The high-voltage regulator is a single
triode stage that simultaneously regu-
lates the high voltage and the width of
the picture by controlling the d.c. vol-
tage on the grid of the horizontal out-
put tube. As illustrated in Fig. 3, the
triode half of the 6CL8A horizontal
oscillator is used as the high-voltage
regulator and is connected between the
control grid of the 42KN6 horizontal
output tube and ground. The plate of
the high-voltage regulator goes to the
control grid of the horizontal output
tube by means of R1 and R2, while R3
connects the plate to ground. In effect,
the high-voltage regulator triode is con-
nected across B2 and supplies some bias
voltage to the control grid of the hori-
zontal output tube. The cathode of the
high-voltage regulator receives a posi-
tive voltage through a voltage divider
consisting of R4 and neon tube I1400.
The voltage across the neon tube, which
is also the cathode potential, is approxi-
mately 55 volts.

The high-voltage regulator receives
a positive pulse from a special wind-
ing on the flyback transformer. Most
of this positive pulse is applied directly
to the plate of the triode, but a por-
tion of it is applied through R5, R6,
and R7 to the control grid. At the out-
put of the special flyback transformer
winding, a positive pulse, approximate-
by 270 volts peak amplitude, is obtained.
For the duration of this pulse, the plate
of the high-voltage regulator becomes
quite positive, the grid voltage also be-
comes positive, and, even though the
cathode is at approximately 455 volts,
the tube will conduct. Current there-
fore Hflows from the plate through R3,
setting up a voltage across this resistor.
This same voltage is, of course, sup-
plied to the control grid of the horizon-
tal output tube and is partly in parallel

with the normal grid bias voltage
found on the horizontal output tube
control grid. Typical values are ap-
proximately —40 volts on the control
grid of the output tube and about —25
volts across R3. High-voltage regula-
tor potentiometer R6 sets the level and
the amount of conduction of the high-
voltage regulator circuit because it sets
the control grid voltage of that tube.
Once this control is set, it rarely needs
readjustment.

The high-voltage regulator depends
on the feedback signal from the fly-
back transformer winding to determine
the level of control. When the picture
tube draws too much screen current,
this will be reflected as excessive load
into the flyback transformer, with the
result that the 4-270-volt positive pulses
supplied to the plate of the high-volt-
age regulator will be considerably re-
duced in amplitude. With less positive
voltage applied to the plate of the high-
voltage regulator, less current will be
drawn and less control voltage will be
applied across R3. The over-all result
is that the control grid of the horizon-
tal output tube will become less nega-
tive, allowing that tube to pass more
current and therefore provide more
power to the flyback circuit. In this
manner, the combination of the high-
voltage regulator and the grid bias
characteristic of the horizontal output
tube compensates for any loading of
the flyback transformer due to exces-
sive CRT ultor current. Like the hor-
izontal and vertical oscillator and out-
put tubes, the regulator tube is contained
on the main printed-circuit board. None
of its values or components is critical,
and the relatively simple scheme ap-
pears to operate quite satisfactorily
over a fairly large range of ultor cur-
rent variation.

Transistor Noise Gate

In addition to the various vacuum
tubes and diodes used in the Sylvania
DO3-2 color-TV receiver, a single tran-
sistor is used in a relatively novel cir-
cuit. As illustrated in Fig. 4, a 2N306
transistor (Q1) provides the cathode
return for sync separator tube V4. To
understand the operation of this tran-
sistor noise-gate circuit, it is necessary
to consider the polarity of the video
signals. After the second i.f. stage (V1),
the video detector drives the first video
amplifier (V2), and from there the sig-
nal goes to the second video amplifier
(V3). The output of the second video
amplifier is applied through C1 to the
grid of sync separator triode V4. Trac-
ing the polarity of the composite video
signal from the video detector diode,
we can see that the synchronizing
pulses appearing at the grid of the
sync separator are positive going.

Like most color-TV receivers, the
Sylvania models use a separate 4.5-
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MHz sound if. Note that the sound
detector in Fig. 4 is a diode with its
polarity reversed as compared with
the video detector. As a result, the
output of the sound detector will con-
tain synchronizing pulses of negative
polarity. These synchronizing pulses
are applied directly to the base of the
2N306 noise-gate transistor. At the
collector, which is also the cathode of
the sync separator, the pulses coming
from the sound detector diode will be
amplified and inverted. When signals
of the same phase are applied to both
grid and cathode of a triode, they
cancel each other. The positive-going
pulses at the grid, however, have pre-
viously passed through two stages of
video amplification and are therefore
considerably greater in amplitude than
those appearing at the cathode. As a
result, sync pulses will be amplified by
the sync separator. Random noise

pulses, occurring between sync pulses,
will be cancelled because the time con-
stant of C1 and R1 does not favor these
short pulses as much as the regular
sync pulses.

Because of this discrimination occur-
ing between the random noise and sync
pulses, sets using noise gates produce
stable CRT pictures even under heavy
noise interference.

In many respects, the transistor noise
gate illustrated in Fig. 4 acts just like
other noise inverter or gating circuits
found in both black-and-white and
color-TV receivers. The major differ-
ence in the Sylvania DO3-2 model is
the fact that the transistor is connected
directly between the cathode and ground
of a triode. Another unusual feature
is that the signal amplified by the tran-
sistor also acts as cathode signal,
through C2, for the keyed a.g.c. ampli-
fier. A

A.G.C.-OPERATED

By A. W.

HIS device operates, unattended, to

turn an external 120-volt a.c. appli-
ance on and off with the presence or
ahsence of a signal in the bandpass of a
radio receiver. The signal (about —0.4
volt) that triggers the control circuit into
operation is taken from the a.g.c. line of
the receiver used. A sensitivity control
can be adjusted so that it takes a larger
voltage to perform the trigger operation.
This permits triggering only on signals of
proper amplitude and not on short, low-
level noise bursts.

Operation is as follows. With no signal
present in the receiver bandpass, the
a.g.c. level is substantially zero volts;
thus, V1 (see diagram) econducts. The
current flow through V1 produces a volt-
age across cathode resistor R1 which
biases thyratron V2 so that it is cut off.

POWER CONTROL

EDWARDS

No current flows threugh the thyratron,
therefore relay RL]1 and the external
circuits are both de-energized.

As a signal is picked up by the receiver,
the a.g.c. voltage becomes more negative
and will cut off V1 at a level dependent

upon the setting of sensitivity control R2.

As V1 cuts off, the voltage at the cathode
of V2 is removed and V2 conducts. Cur-
rent flows through V2 and then operates
relay RL1, placing power at the con-
trolled outlet.

As the receiver signal disappears, the
a.g.c. voltage again reduces to zero and
V1 conducts, cutting off V2, de-energiz-
ing the relay, and removing power from
the external circuit.

Capacitor C2 and RFC1 were added to
reduce the r.f. noise generated in the thy-
ratron A

Schematic and parts list for the a.g.c.~operated power control unit.

AGC. INPUT
RFCI

120V AC.
CONTROLLED
OUTLET

+O

C2 ==

N

Tl

125v

U

R1—1200 ohm, 2 W res.

R2--25,000 ohm, 5 W linear-taper pot
R3—7500 ohm,.5 W res.

C1—20 pF, 150 V elec. capacitor
C2—.005 pF, 150 V elec. capacitor

120V A.C. Y

00000

6SN7 2p2!
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C3—2—4 uF, 150 V elec. capacitor
RL1-D.p.d.t., 5000 ohm relay
RFC1—2.5 mH choke

T1—Power trans. : sec, 125V & 6.3V
D1—750 mA rectifier diode

F.C.C. LICENSE
TRAINING

by correspondence
e e L] e

The best there is!

Ask about our

MONEY-BACK

WARRANTY

Approved for
veterans and servicemen

For free information, write:
Dept. 66-S
GRANTHAM SCHOOL
OF ELECTRONICS

1505 N. Western Ave.
Hollywood, Calif. 90027

CIRCLE NO. 109 ON READER SERVICE CARD

FHOTOGRAFPHY
ANNLUAL 19665

PHOTOGRAPHY

A selection of the World's finest photographs com-
piled by the editors of Popular Photography. All
editions $1.25 each:

Order by number from
Ziff-Davls Service Div., 589 Broadway, New York,
N. Y. 10012. Enclose add'l 15¢ per copy for ship-
ping and handling (50¢ for orders outside U.S.A.)

COMPLETE TUNER
OVERHAUL

ALL MAKES

ALL LABOR
AND PARTS

[EXCEPT. TUBES
& TRANSISTORS)

Send complete tuner now ... or write for full infor-

malion and mailing lubels. Exchanges on tuncrs

unfit for overhaul . from $12.95

CASTLE TV TUNER SERVICE
MAIN PLANT: 5717 N. Westem Ave., Chicago 45, Ninols
EAST: 41-94 Vernon Blvd., Long Island City 1, New York
Castle TV Services, LId. . . . Nation-wida service,
CANA DA' For sarvice in Conado write ta Chicogo for details,
® Canodion oddress, and mailing kit
*Molor parts are charged extra in Canada



THE FALL 1966 EDITION OF THE EXGITING
ELECTRONIC EXPERIMENTER'S HANDBOOK
1S ALL-NEW, PACKED WITH THE MOST
FASCINATING CONSTRUCTION PROJECTS
EVER AND IIEM]Y HIIIYIllI RIGHT NOW!

aTv
picture tester and rejuvenator . , . a $10 solid-

You'll build a smoke alarm for your home . ..

state 6-watt amplifier . . . a headlights-on alarm

. . a watchdog mobile monitor . . . a failsafe tran-
sistor power supply...a 99¢ speaker enclosure...
and over 20 other challenging do-it-yourself con-
struction projects!

Each pr01ect is described from start to finish in
clear, concise, easy-to-follow language. Add fully
detailed schematics, illustrations and parts lists—
plus dozens of professwnal how-to tips and tech-
niqgues—and you've got all the ingredients for
some of the most unique electronics items you've
ever seen . . . or put together with your own two
hands!

Including units for: your home * audio/stereo/hi-fi

¢ your car * SWL-CB-Ham e test equipment

Whether you keep the valuable units you'll build,
or sell them for a profit (they'll cost you next to
nothing to construct), the Fall 1966 Electronic Ex-
perimenter’'s Handbook is guaranteed to increase
your over-all electronics proficiency and provide
you with hour after hour of sheer fun!

And note this special bonus feature: ‘‘Project
Choose—an exclusive report on electronics corre-
spondence and resident schools!

Over 148 pages of fascinating electronics in all.
Don’t miss it! Use the coupon below and order your
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V.H.F.
HAM BAND SCANNER

NE of the major problems of work-

ing the v.h.f. ham bands is that
the receiver must be tuned across the
band many times before a signal is
heard. Many mechanical solutions come
to mind, but the use of motors, gear-
ing, and mechanical coupling presents
too many difficulties.

The electronic solution used by
ZL2APC (reported in “Break-In”, the
Journal of the N.Z. Association of Radio
Transmitters, Inc.), was designed to be
incorporated into a 144-MHz receiver,
but can be used on other bands.

The electronic band scanner is cou-
pled with a new approach to squelch
circuits to eliminate the need for long
hours of tuning and having to listen to
all types of background noise.

The basic scanner circuit shown in
Fig. 1 uses a single triode, a neon
lamp, a voltage-variable capacitor, and
a few common components. The val-
ues of all components and voltages are
shown as examples and may need slight
modifications for some particular use.

The r.f. output of the triode is cou-
pled to the mixer in parallel with the
set’s local oscillator. Switch S1A is
operated so that the “B-+" is con-
nected to the selected oscillator, dis-
abling the other. The tuning circuit
consists of L1 and its tuning capacitor.

The saw-tooth waveform used causes
the oscillator to always tune one way,
without wasting time on the retrace.
Time constants for the saw-tooth cir-
cuit are chosen so that the speed of
scanning is within the parameters of
the receiver. Too rapid a scan is not
desirable since a receiver with normal
a.g.c. characteristics would not unmute

Fig. 1. (Top) Electronic sweep generator.
(Bottom) How audio amplifier is turned on.
'10 MIXER +280V
1oF s0MA
T /2 646 100k \
]l
15 2uF
j 1
|0Mﬂ5 _)J_F
32 T~
NEON

.—P TO RCVR, LOCAL—
OSCILLATOR

LI-3TURNS, 3/68"DIA., 3/8" LONG {144 MHz)

in the brief time that the signal re-
mained in the i.f. passband. This rules
out a scan derived from the power-line
frequency. This system uses an ap-
proximate three-second scan generated
from a neon-lamp relaxation oscillator.

The saw-tooth voltage for changing
the frequency is created by a three-
second relaxation oscillator consisting
of a neon lamp and RC network. The
neon-lamp oscillator generates about
70 volts, too much for the voltage-vari-
able capacitor. A resistive voltage di-
vider cannot be used because it would
affect the charging cycle; therefore a ca-
pacitive divider consisting of a .2-uF and
a 1-uF unit in series is used. The .2-puF
capacitor should be a low-leakage type.

To achieve proper operation, it was
found necessary to shunt a 10-megohm
resistor across the 1-pF capacitor.

A positive-going saw-tooth, about 12
to 14 volts amplitude, appears across
the 1-pF capacitor and is coupled to
the voltage-variable capacitor through
a 100,000-ohm isolating resistor.

Three non-linear effects are present
to affect the tuning characteristics. One
is the exponential charging curve of
the saw-tooth capacitor; another is the
non-linear change in capacitance with
applied voltage common to all volt-
age-variable capacitors; and the third
is the non-linear change of frequency
with a linear change in tuning capaci-
tance common to all resonant circuits.
As a result of the interaction of these
three factors, the tuning characteristics
are non-linear in the relationship be-
tween elapsed time and frequency.
The frequency scan is initially rapid,
with the rate of tune decreasing to-
wards the end of the scan period.

To make the signal audible as the
scanner passes across it, the lower cir-
cuit of Fig. 1 is used. The particular
receiver used had a pentode audio am-
plifier, and the screen circuit was modi-
fied as shown. Screen voltage is now
derived through a 500,000-chm resis-
or. The second half of the 6]6 is con-
nected to the screen as shown with its
control grid driven by the a.g.c. volt-
age. In the absence of a.g.c. (no sig-
nal), the triode conducts and lowers
the screen voltage of the pentode, caus-
ing a reduction in the audio output.

When a signal appears in the re-
ceiver passband, the negative-going
a.g.c. voltage cuts the triode off, allow-
ing the screen voltage to rise. This pro-
duces a sudden increase in volume that
is easily heard. The second part of the
function switch (SI1B) is arranged so
that this triode is removed when the
receiver is operating normally. A
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NEW PRODUCTS
& LITERATURE

COMPONENTS e TOOLS @ TEST EQUIPMENT e HI-FI ® AUDIO @ CB  HAM ® COMMUNICATIONS

POWER-SUPPLY LINE

A line of newly engineered a.c. power sup-
plies is now available as off-the-shelf items at
electronic parts distributors.

The expanded line includes seven new mod-
els and 13 redesigned units. The new units have
tight regulation, fast response, isolation, current
limiting, high efficiency, and reliability, accord-
ing to the manufacturer. Rated input range is
100 to 130 V a.c. at 60 Hz while output is held
constant to 1% or less for a.c. input variations
as great as +15%.

The supplies will operate within specifications
at an ambient temperature range from 0 to

f

'p

50° C. Oufput voltage will change about 1%
for every 40° C change in ambient. Total ripple
content does not exceed 1% r.m.s. Sola

Circle No, 126 on Reader Service Card

AUTOMATIC TIMER

An all-purpose timer which will switch up to
1000 watts over a 24-hour period, is designed as
a timer and reminder device for use with music
systems, the tape recording of radio programs,
time-lapse photography, window displays, water
and lighting systcms, among others.

The timer is offered in four principal models,
each of which is available in free-standing or
panel-mount versions. Both 12- and 24-hour
types are included. Yale Audio

Circle No. 1 on Reader Service Card

LOGIC DIAGRAM SYMBOLS

A kit of dry transfer symbols conforming to
MIL-STD-806B and to ASA-STD-Y32.14 is now
available. It features all the commonly used logic
functions such as “and,” “nand,” “or,” “nor,”
shift-registers, flip-flops, time delays, and as-
sorted waveforms.

A special heat-resistant drafting adhesive af-
fords easy transfer to paper, vellum, tracing
cloth, and nylon with only light pressure from
an ordinary ballpoint pen. The symbols are print-
ed with a 0.020 line width which blends with
both pencilled and inked lines. Datak

Circle No. 127 on Reader Service Card

HEAT-SHRINKABLE END CAP

A new heat-shrinkable Type SR rounded end
cap for insulating wire terminations, splices, and
junctions in virtually all electronic and electrical
equipment is now available.

In addition to non-splitting, non-rupturing
characteristics, even when used over irregular
surfaces, the end caps will form a quick per-
manent insulating bond and still function as in-
sulators or as an encapsulation. They have no
sharp edges and do not constitute an abrasion
hazard to nearby wires.

The end caps are available in five sizes: %16”,
V", Y4", %", and 4", expanded i.d., and will
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shrink in excess of 50%. The end caps are UL
rated at 125° C. Electronized Chemicals
Circle No. 128 on Reader Service Card

TOOL MAGNETIZER

A lightweight (less than 4 ounces), small-size
(smaller than a cigarette package) tool magne-
tizer, demagnetizer is now being marketed as the
“Sure-Nuf.”

To magnetize a screwdriver, for example, the
tool is inserted in one of the holes in the device
and then drawn out. To demagnetize the tool,
it is drawn across one of the outside metal plates.
The process may be repeated hundreds of times
with the same tool. The permanent magnets
never need recharging. New Enterprises

Circle No. 2 on Reader Service Card

COLOR TEST ADAPTER

A new 9-pin novar color test adapter, designed
for measuring the cathode current of 6JE6 and
6KM6 horizontal output tubes, is now available
as the Model 2599.

The unit provides alligator clip test leads run-
ning from the interrupted No. 3 pin of the
adapter. When the test adapter is installed be-
tween tube and tube socket, it is possible to
measure cathode current and make the necessary
circuit adjustments. Pomona

Circle No. 3 on Reader Service Card

MINIATURE CHIP CAPACITORS

Miniature capacitors for microelectronic cir-
cuitry are now on the market as “Glass-K” chip
capacitors. The new units exhibit a high capaci-
tance-to-volume ratio which is made possible by
a new diclectric material. Extremely small and
light, the tiny chip capacitors are suitable for the
tight tolerances and packaging flexibility of hy-
brid circuitry.

The new capacitors are available in two sizes:
0.190” long x 0.095” wide x 0.080” high with a
maximum capacitance of 0.1 uF; and 0.190” x
0.070” x 0.060” in a capacitance range of 0.012
#F to 0.051 uF. Working voltage is 50 V d.c. for
an operating temperature range of —55 to
—+125° C.

Detailed performance curves and tables for
both “Glass-K” chip capacitors and encased ca-

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

pacitors are available on request. Corning Elec-
tronics
Circle No. 129 on Reader Service Card

PROGRAM RELAY
The new 1460 series program relay is capable
of switching 15 amperes at 125/250 volts a.c.
This compact, economical relay mounting up
to three form-C snap switches is ideal for use in
sequential controls such as door operating de-
vices, vending machines, and other general re-
petitive industrial or appliance load applications
where electric motors or incandescent lights must
be started, stopped, and cycled frequently
througl a pre-set function. Cornell-Dubilier
Circle No. 130 on Reader Service Card

COMPACT INVERTERS

Two compact inverters, one a 125-watt tran-
sistorized unit for operating portable TV sets,
lights, p.a. systems, etc. and the other specially
designed to compensate for low power factor in
tape recording, are available as the TI-100A and
T1-100R, respectively.

The TI-100A may be plugged into the ciga-
rette-lighter socket or connected directly to the

12-volt battery by means of a color-coded adapt-
er accessory. Automatic thermal overload pro-
tection and a “start” switch for rapid starting of
“hard-to-start” items are featured in this model.
It measures 3%” h. x 64" w. x 64" d. and
weighs 6%4 pounds.

The T1-100TR delivers 125 watts continuous
a.c. power from a 12-volt car battery or other
12-volt d.c. source. It is equipped with JEDEC-
type transistors and is designed for greatest effi-
ciency at higher output loads. Electro Products

Circle No. 4 on Reader Service Card

SELECTOR SWITCH LINE

The Series 211 and 212 selector switches are
now being offered with new polycarborate in-
sulated shaft extensions and spacers. These
switches are dcsigned for instrument and other
applications requiring isolation of all or part of
the circuitry and a 100-million megohm mini-
mum insulation resistance. The isolated portion
of the circuit can be floated up to 10,000 volts
above ground.

Shaft extensions are available in 75" to 17%”
lengths. Spacer length is Wis”. Chicago Tele-
phone of California

Circle No. 131 on Reader Service Card

82-CHANNEL TV ANTENNA SYSTEM

A new solid-state, 82-channel home TV an-
tenna system has just been introduced, providing
outputs for up to four sets. Used with a “Color-
axial” antenna, the “Colorcaster-4” all-channel
amplifier will provide sharp, brilliant pictures in
black-and-white and color, plus sharp FM-stereo
signals, according to the company.
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Since the amplifier is solid-state and is used
with coaxial cable, the makers expect it to have
a long, trouble-free life. Jerrold

Circle No. 5 on Reader Service Card

MINIATURE RELAY

The Model 373-1A-V relay combines minia-
turization with high insulation resistance for
applications in semiconductor test equipment,
instrumentation test sets, and other equipment
where high insulation resistance must be main-
tained and space is critical.

Insulation gesistance exceeds 1 x 10** ohms,
measured at 90 V d.c. and 40% humidity. The
relay occupies only 0.02 cubic inch, measures
0.19” in diameter and weighs 1.1 grams. Oper-
ate time is 0.40 msec maximum while release
time is 0.018 msec maximum, Contacts are rated
at 7 watts, 125 mA. Wheelock

Circle No. 132 on Reader Service Card

YARIABLE SPEED CONTROL

A new variable speed control unit for use with
all a.c.-d.c. motors up to 7% amperes is being
marketed as the “Select-A-Speed.”

The control is designed to be used with power
drills, sanders, electric saws, mixers, blenders,
floor polishers, and many other motorized tools.
The new unit reduces the speed without reduc-
ing torque. It will control universal and brush-
type motors and heating elements from 0 to 100
percent of motor rpm. A dual-mode switch on
the control box has settings for full or variable
speeds. It uses an SCR and has an automatic
built-in circuit breaker to prevent damage from
overloads. It is rated to 900 watts. Trans-Tek

Circle No. 133 on Reader Service Card

CUTTING & FORMING TOOL

A new tool for quick, accurate, low-cost form-
ing and cutting of component leads is now on
the market as the “Cut-n-Form” plier. This sin-
gle cut and bend plier is a time saver on the
production line or with small trial setups.
Tough, long-life Delrin jaws insure uniform
quality and eliminate scratching, nicking, or
flattening of lead wires since there is no metal-
to-metal contact. Henry Mann

Circle No, 134 on Reader Service Card

HI-FI—AUDIO PRODUCTS

MUSICAL INSTRUMENT SPEAKER

A speaker designed especially for use with the
guitar and other sound-amplified musical instru-
ments is now available as the Model 417A.

An aluminum dome improves the crispness of
the sound and the bass response is especially ef-
fective with the guitar. The speaker is a 12-inch
unit and has an 8-ohm impedance. Altec Lansing

Circle No. 6 on Reader Service Card

COMPACT SPEAKER SYSTEM

An entirely new series of “Achromatic” speak-
er systems were included among the items re-
cently introduced at the Hi-Fi Show.

A new compact speaker, the W20, offers a
wide range of sound at moderate price by utiliz-
ing a high-compliance, low-rcsonance full 8”
woofer with “Flcxiprine” suspension and a new
advance-design Mylar-domed pressure tweeter.

Other speakers in this new linc include the
W30C, the W40C three-way system, and W60C
three-way bookshelf or floor speaker system, the
W?70C three-way lowboy system, and the W90C
six-speaker consolette. Wharfedale

Circle No. 7 on Reader Service Card

SOLID-STATE AMP & TUNER

The new solid-state “Cortina” line includes
the Model 3200 FM-MPX automatic stereo tuner
and the Model 3070 70-watt stereo amplifier,
both of which arc being offered in kit and wired
versions. Each unit measures only 3'3” high x
12" wide x 7*1” deep and is housed in a durable
steel cabinct covered in Danish walnut vinyl.

The amplifier fcaturcs all silicon transistors,
a frequency response of 5 to 100,000 Hz =+1.5
dB, harmonic distortion of less than 0.8%, and
hum and noise 72 dB below rated output. Chan-
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nel separation is 50 dB. Complete control facili-
ties are provided.

The tuner is a wide-band instrument with
five tuned circuits of the front end containing
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two r.f. stages, all coupled to a four-stage, dou-
ble-tuned i.f. circuit. Sensitivity is 2.4 4V for 30
dB quieting (IHF), channel separation is 40 dB,
harmonic distortion is less than 0.75%, and
capture ratio is 4.5 dB. Eico

Circle No. 8 on Reader Service Card

SPEAKER SWITCHING SYSTEMS

Two new stereo speaker switching systems
which allow instant, multiple-output selection of
up to eight speaker systems are now on the mar-
ket as Sound Control Center Models 641 and 642.

The heart of the new systems is an 8-station
switching device with frequency response through
the internal switching network from d.c. to 30,-
000 Hz with negligible switching loss. No exter-
nal power is required for operation. Power
handling capability is 100 watts maximum into
a 4-ohm Jload.

The Centers are housed in a wrinkled black
enamel cabinet with brushed aluminum escutch-
eon and decorator-styled push-buttons with bev-
eled edges and easily identifiable numbered faces.
Switchcraft

Circle No. 9 on Reader Service Card

““RUMBLE-FREE’” TURNTABLE

The new “Servomatic” turntable employs a
servo control amplifier resulting in virtually un-
measurable rumble. The motor speed is moni-
tored by the servo which maintains rotation of
the turntable at a constant rpm. The unit is
powered by a low-speed d.c. servo motor operat-
ing at about %th the speed of conventional turn-
table motors. This reduces rumble-producing
mechanical vibration to an absolute minimum at

its source. A belt-drivc coupling between the
motor shaft pulley and the turntable acoustically
isolates the turntable from the slightest remaining
vibrations.

The “Servomatic” operates at 33!% and 45
rpm. A built-in illuminated strobe disc and speed
control permit adjustment of the table to the pre-
cise rpm desired. Sony.

Circle No. 10 on Reader Service Card

LIGHTWEIGHT PORTABLE RECORDER
The recently introduced Uher 4000-L tape re-
corder is lightweight yet incorporates all of the
features of the earlier portable. The new unit fea-
tures a new high-frequency motor, built-in digi-
tal counter, new solid-state design; brushed
aluminum panel; and an all-metal case. It weighs
less than 7 pounds but is fully equipped for
either a.c. or battery operation. Martel
Circle No. 11 on Reader Service Card

STEREO CARTRIDGE FOR CHANGERS
The new 888E has been designed specifically
for use in record playing systems that require a
somewhat higher tracking force than is recom-
mended for the standard 0.2 x 0.9 elliptical
stylus.
This stereo/mono cartridge has a frequency

response of 10-30,000 Hz; output voltage is 8
mV per channel; channel separation is more than
30 dB; load impedance is 47,000 ohms. Vertical
and horizontal compliance is 12 x 10~ cm/dyne
and tracking force is "t to 6 grams. The stylus is
a 0.4 x 0.9 mil elliptical diamond. There is a
four-terminal output and mounting is on stand-
ard 716” or ¥4” mounting centers, Tracking angle
is 15 degrees. Empire
Circle No. 12 on Reader Service Card

HOME CARTRIDGE RECORDER

An 8-track sterco cartridge recorder/playback
unit has just been released for use in the home.
It is designed to play in conjunction with existing
speaker ‘amplifier systems, such as home sterco
record player combinations. It contains all of the
standard operating features of the firm’s automo-
bile player plus fast forward speed with a built-
in automatic stop at the splice and a track-change
control to permit automatic or manual selection
of the track to be played. Other features include
a rear-illuminated light indicator that shows
which tracks are being recorded or played. A tape

footage indicator shows what part of the tape is
recording or playing at any point in the cycle.
The new unit is housed in a natural oiled-
walnut cabinet with a brushed gold and black
front panel. It will accommodate the firm’s line
of prerecorded tapes and is not compatible with
other 8-track systems on the market. Orrtronics
Circle No. 13 on Reader Service Card

NEW AUDIO COMPONENTS

A number of new audio components has been
added to the firm’s line including two magnetic
cartridges, the 220 and the 990E; two speaker
models, the ADC-19 (a console 44” w. x 32" h.
x 15" d. and featuring six speakers) and the
505 budget system; and the ADC 606 FM re-
ceiver, a 9” deep unit designed for bookshelf
mounting. Audio Dynamics

Circle No. 14 on Reader Service Card

NEW TAPE-RECORDER LINE

Fourteen new solid-state home audio tape re-
corders, ranging from battery-operated reel-to-
rcel portables to deluxe 4-track cartridge record-
ers and Stereo-8 cartridge players, have just been
announced.

The top of the line is the YHG47, a solid-state
7" reel-to-reel stereo recorder which can be oper-
ated in either a vertical or a horizontal position.
It operates at three speeds (7'z, 3%, and 1%
ips), has four tracks, and features capstan drive.

It is housed in a vinyl-covered wood cabinet in
black with simulated walnut-grain trim.

The least expensive unit is the YHS12, a solid-
state mono, battery-operated 3” reel-to-reel re-
corder/player. It operates at 37i & 1% ips, has
two tracks, and capstan drive. It comes in a black
plastic case. RCA Victor

Circle No. 15 on Reader Service Card

AUTOMATIC TURNTABLE/CHANGER
In keeping with the current trend of providing
record changing facilities in a unit of turntable
quality, the PW-50H has been put on the market.
This new Miracord component is modern in
design with square push-buttons and a slim, extra
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long arm. It also featurcs fingertip cueing, posi-
tive anti-skating control, all-metal tonearm lock,
illuminated speed indicator for all four speeds,
and a direct-reading tracking force dial.

An entirely new motor mounting and drive
system has been designed to give absolutely in-
audible rumble to the rugged hysteresis motor.
This system includes an improved motor mount-
ing, a new idler drive wheel, and the acoustic
isolation of all parts which might contribute to
rumble.

Although designed to track cartridges at forces
as low as '4 gram, it can also accommodate car-
tridges requiring tracking forces up to 6 grams.
Benjamin

Circle No. 16 on Reader Service Card

COMPATIBLE CARTRIDGE PLAYERS

The “Auto-Sonic” line of tape players now in-
cludes new “compatible” units capable of playing
four- and eight-track cartridges. Some of the
units also provide FM reception.

The “Portamount” series consists of units de-
signed for use in either car or home with no
installation required. The 603M/48 is an all-
chrome system while the 603M/48FM also pro-
vides FM radio reception, The ST100 is a four-
track compact auto player with the Model ST300
a deluxe version with indicator light.

The Model ST308 is a four- and eight-track
compatible unit which is also available with an
FM radio as the ST300/CM.

All of the players come with a choice of four
5" round speakers with chrome grilles included
in the price. The company also has a line of
home players. S.J.B. Inc.

Circle No. 17 on Reader Service Card

PROFESSIONAL TAPE RECORDER

An all-new, all-silicon, solid-state ‘“T'apesonic”
recorder of broadcast quality is now available
featuring three speeds (374, 7'%, and 15 ips) with
a frequency rcsponse up to 26,000 Hz.

The new unit will record in stereo or mono;
has three separate heads; no pressure pads; A-B
switch for each channel; automatic stop; four
electric push-buttons; adaptable for rcmote con-
trol; three motors with hysteresis direct drive;
two electronic mixing inputs per channel for
mic, radio, and phono; six silicon diodes; one
zener diode—all in five epoxy-glass modular
plug-in units. The recorder will handle up to
102" NAB reels.

The recorder is offered in 'i-track stereo, ¥:-
track stereo, !:-track mono, and full-track mod-
els. Premier

Circle No. 18 on Reader Service Card

CERAMIC STEREO CARTRIDGE
A new stereo cartridge, the first in the 5000
series, represents a unique concept in cartridge
engineering and designs. Manufacturing com-

plexity has been reduced 80 percent over previous
designs, making possiblc a reduction in the mar-
gin of error in alignment yet at a lower cost to
the customer.

The small ceramic cartridge is well suited for
use in the popular light-mass tonearms. Electro-
Voice

Circle No. 19 on Reader Service Card

SOLID-STATE TAPE RECORDER
The new Model 423 is a three-motor, three-
speed, solid-state stereo tape recorder whose
three motors permit dynamic braking and elimi-
nate all complicated mechanical linkages. In ad-
dition, it comes equipped with hyperbolic heads
which do not require pressurc pads. Although
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the tape path is curved, the recorder features
easy, straight-line tape loading by introducing a
swing-away pinch roller.

The record/playback amplifier circuit consists
of all-silicon transistors on plug-in boards. Fre-
quency response is 50-15,000 Hz @ 7% ips,
50-10,000 Hz @ 3% ips, and 60-5000 Hz @ 17%
ips. The recorder accepts 7" reels and is available
with a walnut enclosure and optional remotc
control accessory. Viking

Circle No. 20 on Reader Service Card

CB-HAM-COMMUNICATIONS

SOLID-STATE CB TRANSCEIVER
The HE-20T is a completely solid-state two-
way CB radio with a push-pull modulated seven-
stage transmitter. The circuit incorporates 13
transistors and ten diodes and features a dual-
conversion, tunable 23-channe] superhet receiver
with a mechanical filter, automatic series gate

noise limiter, variable squelch, “S” and relative
r.f. output meter, spotting switch, earphone jack,
p.a. provision, and built-in 117-volt a.c. and 12-
volt positive- or negative-ground d.c. power
supplies.

The transceiver is supplied with a fused d.c.
line cord, dynamic mic with coilcd cord, a set of
crystals for channel 9, and mobile mounting
bracket. Lafayette

Circle No. 21 on Reader Service Card

158-168-MHz MOBILE ANTENNA

A new low-profile antenna designed for mo-
bile applications is now being marketed as the
Type 25714, This unity gain folded monopole
provides a horizontal radiation pattern within
+1% dB of a perfect omnidirectional configura-
tion.

Although originally designed for service in the
railroad radio service frequencies, it will provide
a vs.w.r. of less than 1.5 in the 158-168-MHz
band. The antenna is mounted on the vehicle
roof by means of five 3¥” bolts and nuts.
Andrew

Circle No. 135 on Reader Service Card

PORTABLE BASE STATION

A portable base station for use with CB
walkie-talkies, that includes an AM radio, is now
available as the Y7060. The new solid-state unit
can receive all 23 CB channels and transmit voice
or Morse code on channel 14. Effective range is
up to a mile, depending on conditions.

Uses include monitoring local CB activity,
talking to other CB stations, serving as a wire-
less intercom, and as a portable or home AM
radio. Features include a built-in telegraph key
and a key jack for use with an auxiliary key.
Signals are audible to thc sender as well as the
receiver, which aids in practice.

The Y7060 operates on six “D” cells and an
optional a.c. converter is available. Weight is
5 pounds and the unit is 12.5” wide x 5.5” high
x 6” deep. General Electric
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FIVE-BAND TRANSCEIVER

A five-band SSB-AM-c.w. transceiver with 200
watts p.e.p. SSB input on all bands, 80 through
10 meters, is now being marketed as the Model
200. The new unit also offers c.w. operation
plus compatible AM operation with separate
AM detection. Frequency detexmination is by
means of a pre-mixed crystal-controlled front-
end and a single v.f.o. which tunes the same
range on all five bands, thus providing high sta-
bility as well as identical calibration and tuning
rating between 80 and 10 meters.

A mobile mount is included and the unit may

be operated from a number of available a.c. and
d.c. power supplies. National Radio
Circle No. 23 on Reader Service Card

AUTOMATIC POLICE/FIRE SIGNAL

The new “Dialalarm” Model 400 is a twin-
channel emergency alarm system which dials
and calls the fire department, police, or other
sources of help by push-button or remote activa-
tion.

The equipment is activated manually. It can
be integrated into existing security systems and
be activated automatically by heat, smoke, or
illegal entry. When the source of help is con-
tacted by telephone, the prerecorded emergency
telephone message is transmitted. Nite-Day Fire
Protection
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CB BASE STATION

A CB base station which has the ability to re-
ject almost all interference from adjacent chan-
nels has been introduced as the “Titan.”

The circuit features a built-in Collins mechan-
ical filter which cuts interference from adjacent
channels to almost zero—90 dB or better. The
multi-function meter serves as a monitor on both
the transmitter and antenna system. It measures
forward power directly into a dummy load,
power through the antenna, and standing wave
ratio.

To minimize television interference it has a
built-in low-pass filter. The unit comes equipped
with all 23 transmit crystals. The chassis features
all-aluminum parts and has handles on the front
panel. Tram
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SOLID-STATE CB UNIT
A new 8-channel CB transceiver, designed for
mobile operation, is now available as “The
Bronco.”
This low-cost, solid-state unit features crystal

!_ _‘q'_c"
| @':1

control on both transmit and reccive functions.
It comes complete with the channel-11 crystal
installed and features simple installation of addi-
tional crystals for channels desired.

The unit measures 2516” x 5%3” x 8%" and
delivers 34 watts minimum output from the
legal 5-watt r.f. power input. Frequency stability
is rated at 0.005% with modulation at —90%,
4+ 100%. Metrotek
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MANUFACTURERS’ LITERATURE

WIRE & CABLE GLOSSARY

A new 63-page booklet covering common
terms, expressions, and units employed in the
clectrical wire and cable industry has been pub-
lished. Available in a handy 4” x 6" pocket size,
the “Glossary of Wire & Cable Terminology” is
in its third edition and has been revised and en-
larged. Standard Wire & Cable
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a.‘

RELAY CHART

Complete technical information on a line of
relay products is contained in a new 4-page selec-
tor chart. Included are miniature general-pur-
pose, general-purpose, program, bistable, time-
delay, and telephone relays, as well as timers
and d.c. contactors. Cornell-Dubilier
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SYSTEM POWER SUPPLIES
A new 8-page “Designers Guide to the Speci-
fying of System Power Supplies” has been made
available. lustrated with pcrformance curves
and circuit diagrams, the booklet covers defini-
tions; procedures for validating the power-supply
specification; methods of protecting the power
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supply and its load from ecach other; and size,
heat, and cost considerations. Trio Laboratories
Circle No. 139 on Reader Service Card

LOCKING FASTENERS

Information on a wide variety of locking fast-
eners is contained in a new 48-page illustrated
catalogue (No. 880). Included are metal and
nylon nuts, nut and screw combinations, flanged,
weldable, and capped nuts, and special devices.
MacLean-Fogg
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COAXIAL CABLES

Technical information on all known RG-type
coaxial cables is contained in a newly revised
engineering data sheet (E502ED). Cables are
indexed numerically for easy reference, and
specifications include impedance, capacitance,
dielectric material, size and type of conductors,
jacket materials, type of shield, diameter, weight,
and other pertinent information.

Along with the data sheet, the company is of-
fering a 4-page brochnre entitled “What is Co-
axial Cable?” Standard Wire & Cable
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LANGUAGE-LAB EQUIPMENT
A complete system of continuous-loop tape
cartridge, magnetic tape recorders, and asso-
ciated equipment suitable for use in the classroom
and langnage laboratory is described in a new
10-page applications bulletin (No. 1-66).
Numerous photographs of typical installations
are shown, along with a block diagram of a 30-
position lesson laboratory. KRS Instruments
Circle No. 142 on Reader Service Card

LAMP CATALOGUE

A new 12-page illustrated catalogue describing
a line of miniature, subminiature, and micro-
minijature incandescent famps has been released.

Featured in the booklet (No. 104) is a wide
range of automotive lamps for 6-, 12-, and 28-
volt service. Hudson
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COMPONENTS CATALOGUE

A new combined catalogue and supplement
(No. 700), covering more than 20,000 electronic
products, is now available. Described and illus-
trated in the publication is a complete line of
panel and chassis hardware, digital modules,
solder terminals, coils and coil forms, r.f. chokes,
and capacitors, as well as a wide variety of con-
nectors. Cambridge Thermionic
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CHART RECORDERS

Thirty-three miniature strip-chart recorders for
current, voltage, power, events, pressure, and
temperature are described in a new 16-pagc cata-
logue.

Included in the booklet is a section on con-
trollers, self-powered units, and various acces-
sories. Additional information is given on chart
paper and drive-motor specifications. Rustrak
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TRIMMER CAPACITORS
A new 16-page catalogue (No. 766) covering
standard precision non-rotating-piston trimmer
capacitors has been published. More than 300
types of capacitors in printed-circuit, vertical, and
panel-mount styles are included. Voltronics
Circle No. 146 on Reader Service Card

PULSE DEFINITIONS

“The New Pulse,” a compilation of 45 pro-
posed standard pulse definitions, is now available.
Covered in the 24-page illustrated glossary are
explanations of monotonic phase, baseline, con-
tinuous waves, leading and trailing edges, pulse
width, and initial and terminal corner distortion.
E-H Research Laboratories
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SCR CIRCUITS
A ncw 4-page short-form catalogue (Bulletin
5000) on SCR controls has been released. Block
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diagrams of seven types of single- and three-
phase (full and half wave) SCR control circuits
are presented in the booklet, with cross references
to the company’s applicable SCR controls. Com-
plete specifications are provided on all devices.

The back page of the catalogue contains a
listing of general terms used in the industry, in-
cluding on-to-off ratio, conduction angle, and
bias. Firing Circuits
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MODULAR POWER SUPPLIES

A new 22-page catalogue (No. 766) of d.c.
modular power supplies and voltage references
is now being offered. Products may be selected
according to center voltage, regulation, and
shielding, and hundreds of cross-combinations
are possible.

Additional information is provided on thermal
characteristics and a variety of optional features.
CEA
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SLIDE SWITCHES

Described and illustrated in a new 8-page cata-
logue (No. S-330) is a wide line of “double-
wipe” slide switches. Complete specifications on
the general-purpose, tandem, quadrum, rocker,
and miniature devices featured in the booklet
are supplied. Switchcraft
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SEMICONDUCTORS

A new 20-page condensed catalogue covering
a full line of semiconductor products has been
made available. General-purpose diodes, tempera-
ture-compensated reference devices, rectifiers,
thyristors, and a wide variety of zener regulators
are included, as well as a number of solar cells
and photoelectric readouts, Hoffman
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MEMORY SYSTEMS

A new 8-page illustrated technical bulletin
(M6612) which discusses the new FX-12 family
of small, low-cost memory systems has been re-
leased.

Complete details on construction and princi-
ples of operation are provided, along with infor-
mation on modes of operation, logic levels, and
power supply requirements. Five generic classes
of applications are described, as well as numer-
ous examples of specific applications. Ferroxcube
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MICROWAVE SOURCES

A new technical paper, eighth in a series, dis-
cussing important secondary characteristics of
microwave sources and outlining a new approach
which combines the best features of solid-state
and vacuum-tube technologies has been made
available. Sperry Electronic Tube Div.
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PULSE TRANSFORMERS
Seventeen types of pulse transformer packages
are described and illustrated in a new 4-page data
sheet (No. 202). Covered in the booklet are
four-pin square packages as well as round, rec-
tangular, radial-lead, and flat-pack configura-
tions. Open construction transformers are also

discussed. Contemporary Electronics
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GENERAL-PURPOSE RELAYS

Information on general-purpose a.c. and d.c.
Series 50 relays, which are available in more
than 100 standard types in 1-, 2-, and 3-polc
contact forms, is presented in a new 4-page illus-
trated catalogue.

Electrical and environmental chafracteristics as
well as mechanical data covering both open and
dust-covered types are supplied. Sigma
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FERRITE CORES
A new 32-page engineering reference manual
which discusses the application of ferrite cores to
the design of power magnctics has been pub-
lished.

Design procedures, including full mathemati-
cal treatment, are separately explored for linear
low-leve] transformers, linear power inductors,
and linear power transformers. Bulletin 330 also
includes a full set of core-group charts and curves
which provide complete technical specifications,
dimensions, and winding data for more than 100
standard ferrite cores.

In addition, a handy wire table for design cal-
culations and a chart of nomenclature and sym-
bols are supplied. Ferroxcube
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DIODE SWITCH BULLETIN

A technical bullctin, No. 7035, has been
issued covering a new high-performance diode
switch which provides isolation of 90 dB for
microwave communications system applications.

The publication provides complete operating
and mechanical specifications, performance
curves, as well as an outline drawing and photo-
graph of the device. Microwave Associates
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CERAMIC DISC CAPACITORS

An 8-page specification catalogue covering a
wide variety of ceramic disc capacitors is now
available. Included are temperature compensating,
general-purpose, high-capacitance 12- and 30-
volt d.c. types; bypass, coupling units at 50
volts d.c.; and bypass, coupling capacitors at 500
volts d.c. Nucleonic Products
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CABLE & ACCESSORIES

A new 14-page catalogue which describcs and
pictures a complete line of coaxial cables, con-
nectors, cable accessories, rigid lines, delay lines,
and coaxial cable assemblies has just been issued.

Also included are full listing of electrical
characteristics, performance, and specifications.
Phelps Dodge
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REACTANCE SLIDE RULE

Boonton Electronics Corporation, 523 Pom-
eroy Road, Parsippany, N.J., 07054 is now offer-
ing a slide rule which provides rapid, convenient
means for calculating reactance and either “Q”
or dissipation factor of capacitors and inductors
from 10 Hz to 10 GHz. It is also useful for
determining the resonating capacitance and in-
ductance for a given frequency.

Copies of the slide rule will be sent on com-
pany letterhead request only and are furnished
without charge. A
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tranics, and advanced aerospace Saviet Color-TV System Voltmeter . ...........c.cccueuu... Avg. 54
research. (Salamon) ....... .. il Dec. 72  Eico Model 378 Audio Generatar ..... June 66
TV Disc Recorder .................. May 85  Eico Model 715 “Trans/Match”
MSOE offers residence study pro: | TV Set Uses Integrated Circuit ....... June 28  Hom-CBTester .................. Aug. 54
grams leading to these deg‘rees in Video Tape Recorder for Home Use Eico Model 888 En-gme Analyzer .. ... Nav. 68
engineering technology and engi- {Leman) ....... .. ... i, Feb, 49  Electro PS-3A Transistor Regulated
1P:r|n2' Videa Tape Recarding Methods Power 'Suppl.y ................... May 75
- (Wortman) . ..., May 32  Elecira Scientific Model 300
2 years—Associate in Applied Science | Why 50-Ohm Caax? ............... Feb. 61 V°“";el;e:i,B"nge s Mar. 76
: World’s First Single-Chip Integrated- eneral Radio lype -
4 years—-Bachelor of Science Circoit Radio (Caccialn & Cart] ... Nov. 44  FElectronic Stroboscape .. .......... Jan. 66
Grand Transformers “InstatTest”’
Also get facts about scholarships and Dielectric Strength Tester .......... Feb. 62
financial aids, job placement and TEST EQUIPMENT & Heath 10-14 Laboratory
other student services, plus photo- Oscilloscape ... vvveveniennn.. Oct. 76
: P : MEASUREMENTS Hewlett-Packard Model 141A
graphs of MSOE technical labora- ) o . ewlell-rackard Mode
ratles and” sHIGent SetOVTES. _ Arm)j Fle|fi Calibration Technicians Oscilloscope .. ............ovov Mar, 76
L i (Diadati) ... ... .. ...l Sept. 80  Hewlett-Packard Model 400GL A.C.
For your copy, just mail Audible Cantinuity and Semicanductor Electronic Valtmeter .............. Dec. 63
the coupon — Checker (Frost & Bailey) ........... Oct. 86  Hewlett-Packard Model 427A
‘no obligation Audio Calibrator for Transistor Multi-Purpase Valtmeter ........... May 75
Amplifiers (Wilson) .............. Aug. 67  Hickak DMS-3200 Digital
Color-TV Signal Generators (Solomon). .Dee. 31 Measuring Syatem ............... Sept. 68
Designing an Oscilloscape Vertical Hickak Model 209C V.T.V.M. ........ Oct. 76
Attenuator (Hicke) .............. Sept. 94 “’Knight-Kit"* KG-685
Diade Meter Protectars (Mangieri) .,..Nov. 56 Calar-Bar Generator .............. July 72
Effective Use of the V.O.M. (Diodati) ..Apr. 82 Lechtrotech CRT-100
Frequency & Frequency Measurement Picture-Tube Tester .............. June 66
.. (Willrodt} .. ... . oo Oct. 25 Martin Labs AM 200
Programs approved for veteran training. High-Quality Square-Wave Generator Impedance Bridge ................ July 72
{Ulrick) .. ..o Nov. 43  Mercury Model 1700
Improving the Low-Frequency Yacuum-Tube Voltmeter ........... July 72
Multivibrator . ... ... oL Feb. 83 Motorola Madel S1067A
Life Testing af R.F. Inductars {(Hauser) .Sept. 60 Audio Oscillator ................. Dec. 63
MESmEEEREEmEEEEEE - mm == | Magnetic Measurements in Space Pace Cammunications Model 5803
Milwaukee School of Engineering (Wujek, Jr) ... Jan. 36 Power Supply ........ .. ... ... Aug. 54
Dept. EW-1266, 1025 N. Milwaukee St., Measuring Instruments far Electronic RCA WR-50B R.F, Signal Generator ....Dec. 63
Milwaukee, Wisconsin 53201 Components (Yan Veen) .......... Sept. 36 Sencore MX11 Sterea Generator ...... Oct. 76
Please send the ‘Your Career” booklet. Measuring Length with a Laser ...... Mar. 85 Simpsan Madel 250 Volt-Ohm-Milliam-
I'm interested in Non-Destructive Testing (Part 1) meter ... Jan. 66
] Electrical fields [] Mechanical fields {Collins) .....oovvvininnnnna, Feb. 33  Tektronix 106 Square-Wove
Non-Destructive Testing (Part 2) Generator ... ... i, Apr. 72
Name Age [Collins} ... it Mar. 53 Triplett Model 630-APLK Y.OM, ...... Nov., 68
Oscilloscope Preamplifier (Smith) ..... Feb. 84 Waveforms 610B Audio Sweep
Address Oscilloscope Probes (Buchsbaum) ....Aug. 46 Generator . ..., i Apr. 72
. Pawer-Line Spike Absorber (Ives) ....Mar. 88 Yokogawa Model L-3C
City State ZP Radiation Measurements in Space Resistance Bridge ............... Sept. 68
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 70¢ per word (including name and address). Minimum order
$7.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%

for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 40¢ per word (including name and address). No Minimum! Payment must accom-

pany copy.

GENERAL IN_FORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word.
All copy'sub]ect to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January lst). Send order
and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 6556 W.
Higgins Rd. Chicago, Ill. 60656.

GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 09108.
INVESTiGATORS, FREE BROCHURE, LATEST
SUBMINIATURE ELECTRONC SURVEILLANCE
EQUIPMENT. ACE ELECTRONICS, 11500-J NwW
7TH AVE., MIAMI, FLA. 33168.

CANADIANS —Giant Surpﬁs Bargain Packed
Catalogs. Electronics, Hi-Fi, Shortwave, Ama-
teur, Citizens Radio. Rush $1.00 (Refunded).

ETCO. Dept. Z, Box 741, Montreal, Canada.
JAPAN & Hong Kong Electronics Directory.
Products, components, supplies 50 firms—just
$1.00. Ippano Kaisha Ltd., Box 6266, Spokane,
Washington 99207.

TRANSISTORS —Miniature Electronic Parts.
Send for Free Catalog. Electronic Control De-
sign Company, P.O. Box 1432M, Plainfield, N.J.

NUSUAL BARGAINS EEFH

“Balis of Fun” for Kids . . .
Trafiic Stoppers for Stores . . .
Terrific for Amateur Meteorologists .. .

SURPI.US GIANT WEATHER BALLOONS

. available agaln in big
Create a neighbor-
Great back: ard

At last . .
8-ft, dlameter.
hood semsatlon.
fun. Exciting beach attraction.
Blow up with vacuum cleaners or
auto air hose. Sturdy enough for
: all other uses wlth reason-
3 (can
sharp obiects.) Filled
Hum (available loecnlly) use bal-
loons high In the sky to attract

crowds, advertise store sales, an-
nounce fair openings, ete Ama-
teur meteorologists use balloons to measure cloud
heiyrhts, tempuerature, pressurc humidity

wind speeds.
at various hefrhts. P
werlal photos. Recens Gov't.
neoprene rubber.

Stock No. 60,568AK

BATTERIES GUARANTEED
RECHARGEABLE FORS5 YRS.

Use these remarkable space-age Nickel-
Cadmium batteries in flashlight, port-
able radios, toy or flash guns. Obsolete
all others! Low-cost Kit includes com-
pact, hmhl\ efficlent Dattery charger
and 2 ° size Ni-Cd hatteries guar-
.Lnleed lechmgeul)le to full power for

3 y1s. PPuwer output remains constant—-
doesn t fade away a8 with lead-acid cells. Durable, black
plastic charger 5.7 x 3% x 1747 dp. plugs, mto standard
wall outlet. Complerely charges 1 or 2 *° O osize
Datteries in 16 hrs. Light shows when unit is chﬂ.rglng
- will not overcharge.

Stock No. 60,591AK
Stoek No. 60,592A 1 (Charger only)
Stock No. 60,593AK (Two *‘D’’ Cells only) .

cunhers can utilize for low-eost
surplus of heavy, black,

$2.00 Ppd.

$9.95 Ppd.
.$5.98 Ppd.
.$5.98 Ppd.

Order by Stock No. — Send
Check or Money Order—Money-Back Guarantee

EDMUND SCIENTIFIC CO., Barrington, N.J. 08007

SEND FOR FREE CATALOG “‘AK”

Completely new 1967  edition. New
items, catepories, illustrations. 148 easy-
to-rend pages packed with nearly 4000
nmisual  ftems.  Enormous selecton of
Astronomlcal Telescopes, DMjcroscopes,
Blnoculars, Magnifiers, Ma{:n ts, Lenses,
y war surplus items: for
xperimenters. \volkx-.hop,
\\’xlt.e “for catalog “A\I{
r'lmse include your Zlp Code

Prisin
hol)

18 BT STOCN NUMBLE » OP(% ACCT 10 FATID H18M3 + SATIVACTION GUASANTIID

EDM“""D SCIENTIFIC €O., pARRINGTON, NEW JERSEY H007
CIRCLE NO. 116 ON READER SERVICE CARD
December, 1966

CANADIANS, transistors, all semiconductors
and components, Free catalogue contains ref-
erence data on 300 transistor types. J.&J. Elec-
tronics (Dept. EW), P.O. Box 1437 Winnipeg,
Manitoba, Canada.

METERS—Surplus, new, used, panel and port-
able. Send for list. Hanchett, Box 5577, River
side, Calif. 92507.

MESHNA’S TRANSISTORIZED CONVERTER KIT
$5.00. Two models—converts car radio to re-
ceive 30-50 mc or 100-200 mc (one mc tuning).
Meshna, North Reading, Mass. 01864,

R.F. CONVERTERS World's largest selection.
Also CCTV cameras, transmitters, etc, Lowest
factory prices. Catalog 10¢. Vanguard, 196-23
Jamaica Ave., Hollis, N.Y. 11423,

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans, $2.00. Relco-A22, Box 10563, Houston
18, Texas.

NEW supersensitive transistor locators detect
buried gold, silver, coins. Kits, assembled mod-
els. $19.95 up. Free catalog. Relco-A22, Box
10563, Houston 18, Texas.

ACHTUNG! Das machine is nicht fur Gerfinger-
poken und mittengraben. Is easy schnappen der
Springenwerk, blowenfusen und poppencorken
mit spitzernsparken. Ist nicht fur gerwerken by
das Dummkopfen. Das rubbernecken sight-
seeren keepen hands in das pockets. Relaxen
und watch das Blinkenlights. This attractive,
brass meta! plague only $2.00 ea. ppd. South-
west Agents, Dept. H. P.O. Box 12283, Fort
Worth, Texas 76116.

ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio
telephone. Resuits guaranteed. Elkins Radio
School, 2603C, Inwood, Dallas, Texas.

FREE ELECTRONICS (new and surplus) parts
catalog. We repair multimeters. Bigelow Elec-
tronics, Bluffton, Ohio 45817.

SURVEILLANCE EQUIPMENT—~NEW HIGH PER-
FORMANCE SUBMINIATURE MODELS. ELEC-
TRONIC COUNTERMEASURE DEVICES TO PRO-
TECT PRIVACY. FREE DATA: SECURITY ELEC-
TRONICS-EW, 15 EAST 43RD STREET, NEW
YORK, N.Y. 10017.

DETECTIVES! Free brochures! Electronic Sur-
veillance devices. SILMAR ELECTRONICS, 3476
N.W. 7th Street, Miami, Florida 33125.

CRYSTALS largest selection in United
States at lowest prices. 48 Hr. delivery. Thou-
sands of frequencies in stock. Types include
HC6/U, HC18/U, FT-241, FT-243, FT-171, etc.
Send 10¢ for catalog with oscillator circuits.
Refunded on first order. Jan Crystals, 2400E
Crystal Dr., Fort Myers, Fla. 33901.

McGEE RADIO COMPANY. Big 1966-1967 cat-
alog sent free. America’s best values. HiFi am-
plifiers—speakers—electronic parts. Send name,
address and zip code number to McGee Radio
Company, 1901 McGee Street, Dept. EG, Kansas
City, Missouri 64108.

TRANSISTORIZED Products Importers catalog.
$1.00. Intercontinental. CPO 1717, Tokyo, Japan.

WORLD'S Tiniest Radios. Recorders, Trans-
ceivers, Portables. Free Catalog. Minitronics,
1983-1023 Via Del Rio, Corona, California 91720.
ELECTRONIC Ignition Kits, Components Free
Diagrams. Anderson Engineering, Epsom, New
Hampshire 03239.

TRANSISTORS, Rectifiers, components. Free
Catalog. Electronic Components Company. Box
2902, Baton Rouge, La.

RADIO CONVERTERS 30-50 MC, Crystal con-
trolled, 1 MC tuning, 12VDC, $19.95 add $5.00
crystal and tuning state frequency, noise limit-
ers $5.00. Henlo Electronics, 18 Kingsley Drive,

| Yonkers, N.Y. 10710.

FREE Catalog: Transistors, Diodes, Parts. Solid

. State. Pax, P.O. 206, Dorchester, Mass. 02124,

GERMAN/ENGLISH Ham’s Vocabulary only
$1.00. Christian Zangerl, OE9CZI Dornbirn, (Aus-
tria). 6850.

TELEPHONE RECORDER-ACTUATOR (TWL-007).
SOLID STATE MODULE AUTOMATICALLY TURNS
TAPE RECORDER, AMPLIFIER, OR TRANS-
MITTER ON WHEN TELEPHONE IN USE.
CONNECTED ANYWHERE ON LINE, SIMPLE IN-

: STALLATION INSTRUCTIONS INCLUDED. PRE-

PAID $18.95. TWILIGHT ELECTRONICS, BOX
11595-W, St. Louis, Missouri 63105.

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation. Start September, February. Valparaiso

Technical Institute, Dept. N, Valparaiso, Indiana.

CATALOG

World’s “BEST BUYS”

in GOV’T. SURPLUS

Electronic Equipment

COMMUNICATION
RECEIVER—6 BANDS

BC-348 Receiver AM—Six bands 200 to 500 KC. and
1.5 ta 18 MC. With crystal phasing, antenna align.,
CW ascillatar, beat. freq. AVC/MVC, audio gain, and
dimmer pilat light contrals. Also slow and fast tuning
with large fan dial. Phone and speaker jacks. With
tubes: 1/6)7, 3/6K7, 1/6C5, 1/6Ké, 1/6B8, & 1/6F7.
Voltage required: 24 volts for filament & pilot light and
220 VDC @ 70 MA. for high voltage. Size: 18 x 102 x

914", Wt.: 40 Ibs.

PRICES:
Used, less Dynamoltor.......cccociiviiciiiniininciiicnnans $69.50
Used, less Dynamotor—Checked for Operation.... 79.50
DM-28 Dynamaoiar—28 VDC... Used: 4,95
FT-154 Shock Mounting Base 2.75
PLQ-103 Plug far rear of Receiver. 2.50

AC POWER SUPPLY, With Speoker, for BC- 348: 115
Volt 60 cycle supply with speoker housed in black

crackel cose with connecting cable and plug, ready to
x 6",

operate, Size: 10 x Wt: 15 |bs. Na.

PS-348.

TG-34A KEYER

Automotic unit far re-
producing audible cade

practice signals pre-
viausly recarded in ink
on poper tapes. Com-
plete with speaker and
phone jack for plugging
into head-set. Voriable
speed mator control to
25 WPM. Keying asci-
latar for use with hand key. Complete portable unit
with Tubes and operating Monua
New: $24,95— Used- $19.95

FOR BIG CATALOG—SEND 25¢ (stamps or coin)
and receive 50¢ CREDIT on your order!
ADDRESS DEPT. EW

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 + LIMA, OHIO - 45802
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| F.C.C. LICENSE (first class) in seven weeks.
I Resident classes or correspondence. Grantham, GET from G DHEA
TG-34A CODE KEYER 1505 N. Western, Hollywood, California 90027.

i i i i SOMETHING NEW in Surplus Test Equipment:
?:é’-:é’n:‘ég;nggdeﬂ::;&‘lac‘emslgur:‘allts' REI First Class Radio ?I'glephone License in (5) At your request, will furnish dated NDBS-traceable
recorded on paner et?pe.prlg"gzg weeks Guaranteed. Tuition $295.00. Job plla3c3e6- Certitleates of (‘alibration.
o i n pe N . . . .
code-practice signals to one or me!‘t free. Radio Engineering Institute, Hewl-Pack #150A 5° scope, DC to 10 mc cemﬂed
more zner‘z%n'ﬁ at speeds from Main Street, Sarasota, Fla. Wiﬁ ,5#5.3,:\5 IdlBﬂlmIc““M nim)ll plug-in,.
th 11-gam plug-in 0 my, cm
IBnR‘O‘rNIng:I W rton. . $24.50 LEARN ELECTRONIC QRGAN S'ERVICING a't With % 152A dual-trace plug-in
Excelient Used .. ..., 518,95 home. All Makes including transistors, Experi- DuMont #3323 dual-beam scope,
ser of 15 Reels, army Sodle mental kit—troubleshooting. Accredited NHSC. %I:I E%I%’ABC ]L)OCZux)ml:bamnclv "c()mn
Prac ssons o 2 y
oviginal packing ... ... P.U.R! Free Booklet. NILES BRYANT SCHOOL, 3631 Hewl. Pack. 522B Counter to 120 KC
. Stockton, Dept. A, Sacramento 20, Calif. X“’,"P.ack #330B/D Noise Dist. m o
FAMUUS Bc_645 IRANSCEIVER RIGHLY—effective home study review for FCC Ask! We have much more AF equpt,
commercial phone exams. Free literature! STANDARD SIGNAL GENERATORS
15 Tubes 435 to 500 MC COOK'S SCHOOL OF ELECTRONICS, P.O. Box LP: 01, ke 1o 30 me, w, DWT SpLY ... -50
. TS-4137U: 75 ke to 40 me, xtl calib
can be modified for 2-way 10634, Jackson, Miss. 39209. Gen. Radio 805-C: 18 ke to 50 me .
8332"“3‘:.‘%?.5#3"1;..““‘?#04 PROFESSIONAL Engineering, Electronics. Free S
me. %.'.i‘&*"‘.fmf“‘,'.I‘;,,ﬂE“;‘oIQ Prospectus. CIST, Suite 674, 263 Adelaide
&%‘r’m‘?clﬁe&csvés()mnmgxpe{'i Street, West, Toronto, Canada. Hewl-Pack SOBC. 10 m 480 mc .
tubes faubes alone worlh FCC LICENSE THROUGH TAPE RECORDED IN- Borg-Warner G201: Same specs s
70T T—THT 2ﬂ—d7t‘ief 2 STRUCTION. Bob Johnson Audio-Visual Training, TS 5'0A' ]"‘““ ’m““"“’“ }” GOSD 1295.00
L2935 2 WE- ‘ ¢ R
250" nc Brand how ‘5C.6%5 with twbes, less power 1060D Duncan, Manhattan Beach, California AN UM 6! AI)\[ g‘\[ 0 c.mpAw “446 e 995,00
- -0d0 s — . nd many nmore sk
supply in factory carto. |
e welsht 20 s seeciact.|  §16.95 | EVERYTHING UNCONDITIONALLY GUARANTEED!
gm: IAmeg,’(L'aT;’;"" 12/_2,4.“,’,1" ut P2l TUBES ALLRBAND 5sssgq r]z(cvn BQRGAIN Haslcraﬂ.ers‘l &1945
omplete Set of 10 Plugs -7 me continuous .50
control Box .......... ... BEFORE b i b ; Los PNE BRI . 50§83 praduct "détortor: $30
SPECIAL “PACKAGE” OFFER: E you buy receiving tubes, Transistors,
BC-645 Transceiver, Dynamotor and all accessorics Diodes, Electronic Components and Accessories TIME PAY PLAN: Any purchase totaling 10%
oer SOMLLETE, BRAND NEW, $26.95 . . . send for Giant Free Zalytron Current Cata- $160.00 or more. down payment only. ..
""""" log, featuring Standard Brand Tubes: RCA, GE, DZ-1 Superhet revr 15-70 & 100-1500 ke.
“AN/"APR-4Y FM & AM RECEIVER etc.—all Brand new premium quality individ- 2:%{%’\?20#52(2"’&')‘#1%‘1?"&%:"1"504055100(}b° 1708
FB” FOR SATELLITE TRACKING! g_ally botxed. O/r:e yearlglwrantee—all az biggestI ;\\PR A{Y AI?[/IFML TReve g‘lgmllo too 115 v .)0/60 cyzsxgiala
High precislon lab instru- iscounts in America!l e serve professiona -bwr blug, bool, tuners
ment, suitable for moni- . . - | GV-253/ALR Tuner brand new 38 1000 me,
toring and measuring fre- servicemen, hobbyists, experimenters, engi- APR-4Y with CV-253 . X
ShraneXAng retative signal neers, technicians. Why pay more? Zalytron P.U.R. for tuners 975-3200 and 2175-4000 mec.
e S g W | | Tube, Corp. 469W ericho Tumeike, Mineol, | | YA MOF BCRE B A3 vk
60" cyele AC. operation, N.Y. 11502, Handhooks Tor ANJARG-S oF for ART:i3"
built-in power supply. T Other Handbooks or Schematics, ask for them]l
original circuit diagram FREE Catalog. Electronic parts, tubes. Whole- RA-62-B Is AC pwr sply for SCR-522, only ... 17
perfect, *LIKE 28 5['] sale. Thousands of items. Unbeatable prices. TDQ xmtr 45 W Do A2, A5, 115-156 me,
......... $88. Arcturus Electronics ZD, 502-22 St., Union City, TDZ xmtr 50 W o A2, A3, 225-400 me.
TN-19 TUNING UNIT for above, continuous tuning N.J. 07087 LM-14 freq. meter, .01% 125 ke-20 mc
BTaim 200 M el e R i | | e 21007, 15:32 UR freq fcter 20450 e, _ri%.
OUb, DEFEECE o .y v tps s snessestns ~.v...ss9.50 | | TUBES, SEMICONDUCTORS, ELECTRONIC! | SEND FOR more info on anvinin ‘

3 g above. SEND FOR
gg‘i’;‘;ﬁ"mgcﬂ""_ .f‘f’. .a.b.o}r?,- IN- .1_6_ TN 17 EQUIF’_MENT & COMPONENTS. Quality mer- list of rcgulated power supplies at ridiculously low
BC;929 3Inch Scobe, with all tubes, chandise only! Serving engineers, purchasing rices. ASK IF WE HAVE what you need that you

LIKE NEW AN . don’t find above; this ad lists only 57, of our stoek.
Com e W st agents, TV/HiFi servicemen and hams for 16 WE ALSD BUY! SO TELL US WHAT YDU HAVE.
AC operation years. Write for catalog or call WA 5-7000. -

BC-221_ FREQUENC BARRY

Equipped with original c%l:brl'\‘atiyonMgrLE?s. 125Kc. to Y ELECTRONICS' 512 Broadway' New R. E' GOODHEART co. INC.
20,000 Kc with crystal check points in all ranges. ork, N.Y. 10012. . ) y
Exgel.“U‘seg with all tubes, original Calibration Book TUBES_33 hY Box 1220-A, Beverly Hills, Calif. 90213
and all tubes. CHECKED og:modumtcd $79.5U —33¢ each. Year guarantee. Tuner Clean'- Phones: Area 213, office 272-5707, messages 275-5342
BC-221 1000 Ke C $5.50 er $1.09. Free catalog. Cornell, 4213-W Uni-
BCzol FREQ. GuETe! Brand New  inum 'u}{u} oot versity, San Diego, Calif. 92105. CIRCLE NG. 110 ON READER SERVICE CARD
reg. supply. Shock mounted. BRAND NEW. .$3.95 _— — [
LM Freq. Meter. Moduiated. 125 Kc to 20,000 Kc. —_———————— e —_—
Xv:tl;bg‘.;éxmlauc% Book, Like New .......... $19.50

, loss a 00. exc. used. ...... -
e o Do OOk e e, S CLASSIFIED ADVERTISING ORDER FORM

by Setchel-Carlson. Works on 24-28 volts D( 135

Kc. IF. Complete Wwith 5 ‘tubes. Size 47 x 4% % o7 Please refer to heading on first page of this section for complete data concerning terms,

Wt. 4 Ibs. NEW...... e [N .$12.95
USED .. .\.eeinineieninioinil, leas tubes $5.95 frequency discounts, closing dates, etc.
24 Vv DC POWER SUPPLV (ABC) Setchell-Carison
\10(1&.1 24, [NlU ar .8 Amp. OUTPUT:
Tiartea W I[‘?P Ltk N'010 Aooana =g o
X47X. . 5. b ew,
Checked OUE ... .. i iviieienn i 6'95 1 2 3 4 5
SCR-274 COMMAND EQUIPMENT
ALL COMPLETE WITH TUBES Like BRAND
Description Used New NEW 6 7 8 9 10
BC 453 Receiver
190-550 Ke. ......... $14. 95 $18.95 P. U R-
BC-454 Recelver 3-6 Mc. 516 S
BC-455 Receiver 6-9 Mc. $14.95 $19.50 524 50 11 12 13 14 15
BC946 Receiver, 550-1500 Kc. Complete with all
tubes. Brand New, In orlginal packing ...... $48.50
1.5 to 3 MC. Recelver Brand New.......... $21.50
110 Volt AC Power Supply for all 274 N and
ARC-53 Receivers. (‘omplele with metal case, in- 16 17 18 19 20
structiony, Factory wired, tested, re1d3 to oper-
L R R R I . $12.50
SPLINED TUNING KNOB tor 274-N and ARC-5
RECEIVERS. Fits BC-453, BC- 454 and . 21 22 23 24 25
others, ONlY . ... v vnveeinnn .
2.1 to 3 Mc. Transmltter. Brand New ..... 12,
BC-458 TRANSMITTER—3.3 to 7 Me. Complete withs 26 27 28 29 30
all tubes and c: 1
BRAND NEW .
Like New , —_—
BC-459 TRANSMITTER—7 10 © Me. Complcr.e with 31 32 33 34 35

Ltubes & erystal oo e

NEW |
BE-89¢ TRANSMITTER 3-4 Mc Complete with $IB.95 I Words { @ .40 Reader Rate ) —$

Like NeW . i ee o neanns o eenssssnnsss $14.95

BC-456 Madulator
ALL ACCLESSOR AILABLL I‘()R ABOVE

SCR-625 MINE DETECTOR !
Complete portable cutfit In original packing, with all I
accessories, Excellent, Used. .. .. ... $32.50
AN/ARR-2 Receiver, 23
tubes, Brand New

{ @ .70 Commercial Rate }
Insert __ time(s) Total Enclosed $__

NAME

Exc, Used ........
2-Volt Willard Storage Battery, 2
Eovzl 3‘;;’vln1l"x&,1/o;'d hiy,rhst Brand BNe‘\‘v .. 'é e 52,79
olt iltard Midget oragc a ery. Amp. Hr.
3.5/87x1-183/167-:2.3/8%. Brand New ...... $2.95 ADDRESS

Please include 25% Deposit with order—Balance
C.0.D., or Remittance in Full. 50¢ Handling Charges
on all orders under $5.00. All shipments F.O.B, Our
Warehouse, N.¥.C. All Merchandise subject to Prior
Sale and Price Change. For NEW COMPLETE CATA-
LOG, send 25¢, refunded with first order!

CITY STATE ALY

SIGNATURE

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not
permit.) Count each abbreviation, initial, single figure or Eroup of figures or letters as a word. Symbols such l
as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW-1266 |

G & G RADIO SUPPLY CO.
Telephone: (212) CO 7-4605
77 Leonard St. New York, N.Y. 10013
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TOOOOBES! HIFl, Transmitting, Special Pur-
pose. Brand NEW—Lowest Prices. CATALOGII!
Vanbar Distributors, Box 444F, Stirling, New
Jersey 07980.

WANTED

QUICKSILVER. Platinum, Silver, Gold. Ores An-
alyzed. Free Circular. Mercury Terminal. Nor-
wood, Mass.

CASH Paid! Sell your surplus electronic TUBES.
(Want UNUSED, CLEAN Radio/TV Receiving,
Transmitting, Special Purpose, Magnetrons,
Klystrons, Broadcast Types.) Want military and
commercial Lab/Test Equipment. Want com-
mercial Ham Receivers and Transmitters. For a
Fair Deal Write: BARRY ELECTRONICS, 512
Broadway, New York, N.Y. 10012 (WA 5.7000)

MILITARY SURPLUS EQUIPMENT NEEDED: ARC-
34, ARC-38, ARC-44, ARC-52, ARC-54, ARC-55,
ARC-66, ARC-73, ARC-84, ALSO ARN-14C, ARN-
54, ARN-59. COLLINS 51x-2, 51V-3, 51Y-3, 51R-3,
17L-4, 17L-7, 618S-1, 18S-4. BENDIX TA-21,
RA-21. APR-14, PRC-25, RT-66 THRU RT-70,/GRC.
APN-22, APN-117, APN-133. TEST SETS WANT
WITH ARM, UPM, URM, RSM, SG PREFIXES.
TOP CASH DOLLAR PAID IMMEDIATELY. SLEP
ELECTRONICS CO., DRAWER 178-EW, ELLEN-
TON, FLORIDA 33532, PHONE (813) 722-1843.

ANTIQUE Radios. Pre-1925. Grebe, Kennedy,
Tuska, Etc. Must be in good condition. Aiso need
tubes, parts, books and magazines. Gilfer, P.O.
Box 239, Park Ridge, N.J. 07656.

TAPE & RECORDERS

BEFORE renting Stereo Tapes, try us. Postpaid
both ways—no deposit—immediate delivery.
Quality —Dependability — Service— Satisfaction —
prevail here. If you've been dissatisfied in the
past, your initial order will prove this is no idle
boast. Free Catalog. Gold Coast Tape Library,
Box 2262, Palm Village Station, Hialeah, Fla.
33012.

TAPE-MATES now offers ALL TAPES—ALL LA-
BELS at TREMENDOUS SAVINGS plus FREE
Tape-Mates membership. For FREE brochure
write TAPE-MATES, 5727-EW W. Jefferson Blvd.,
Los Angeles 90016.

RENT Stereo Tapes—over 2,500 Different—all
major labels—free brochure. Stereo-Parti, 1616
—E. W. Terrace Way, Santa Rosa, California.

TAPE RECORDER SALE. Brand new, latest mod-
els, $10.00 above cost. Arkay Sales, 1028-B
Commonwealth Ave., Boston, Mass 02215.

STEREO TAPES. Save up to 60% (no member-
ship fees, postpaid anywhere USA). Free 60-
page catalog. We discount batteries, recorders,
tape accessories. Beware of slogans ‘‘not un-
dersold,” as the discount information you sup-
ply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Wash-
ington, D. C. 20009.

HI-FI components, tape recorders, sleep learn
equipment, tapes. Unusual Values. Free cat-
alog. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

TAPES, TAPE RECORDERS-—sold, exchanged.
Free catalog. Tower, Lafayette Hill, Pa. 19444,

EXCHANGE STEREO TAPES. Catalog. Art’s,
4431 Avocado Street, Hollywood, Calif. 90027,

HIGH FIDELITY

LOW, LOW quotes: all components and re-
corders. Hi-Fi, Roslyn 9, Penna.

FREE! Send for money saving stereo catalog
#E12W and lowest quotations on your indi-
vidual component, tape recorder or system re-
quirements. Electronic Values Inc., 200 West
20th Street, N.Y., N.Y. 10011.

HI-FI Components, Tape Recorders at guaran-
teed '"We Will Not Be Undersold” prices. 15-
day money-back guarante. Two-year warranty.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter, 239 (L) East 149th Street, New York 10451.

FREE~—-$1.00 Value ‘“Miracle” Record cleaning
cloth with every quotation on HIF! EQUIPMENT.
Our “ROCK BOTTOM” prices on NAME BRAND
amplifiers—tuners—tape-recorders — speakers—
FRANCHISED—59 YEARS IN BUSINESS. Write
for this month’s specials--NOW! Rabson’s 57th

St., Inc., Dept. 569, 119 W. 57th St., New York,
New York 10019.
HIFl speaker system. Small, walnut. Magnifi-

cent. $29.95. TANG, Box 162A, Framingham

Ctr., Mass. 01701.
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SPECIAL INTRODUCTORY

$5.00 PURCHASE. MANY OVER 600 PIV.
NO SHORTS OR OPENS
FET'S “N’* CHANNEL TYPE SIMILAR
TO C-610 USED AS AMP, SWITCH, CHOPPER—

S
A 15 EPOXY RECTIFIERS WITH EVERY
L
E

OFFER

ea

5”x7” speakers 20 ohms 11 oz. magnet.......

24 volt 60 cycle 6 pole
amp confactors. .......... .. i

GaAs Varactors sim to AP 1, AP-6 etc.

150 mw.
Terms: FOB Cambrldge Mass.
Send check or Money Order
Include Postage, Average Wt.
per package 14 |b. Allow for C.0.D.
Minimum Order $2.00

\.

P.0. BOX 74 HIGH INPUT Z $1.50 EACH
SOMERVILLE, MASS. 02143 VERY $
INSUL TOP HAT & A) Sim to 2N1640 bidirectional transis-
SPlCI)_\‘I\?é)RN 5ABASE EPOXY tors, a TO-5 silicon unit in which the
RECTIFiERS 750 MA collector and emitter are intesrczlgnge-
able. . ea.
PRV |
w SP(I)RV l 10 50 | ' 05 | B) Sim to 2N723. A high frequency 70-18
_50 | .05 | .20 50 | .10 . NPN unit extending to the UHF range.
100 .10 | .40 100 | .20 7100 | .07 5/$1.00
200 | .20 [ .60 || 200 | .40 || 200 | C) Sim to 2N2885 (NPN) and TMT 8035
400 .25 .80 400 | .60 (Pl\#lP)hr?icrotransistors. 75 mw power
u at high freq.
600 35 | 1.20 (| 600 | 1,00 Both units $1.00
800 | .45 1.50 800 | 1.25 ) i
1000 | .65 | D) Sim 1o 2N1648 NPN high voltage 20
Watt sificon unit, used in power out-
put stages & power transistor drivers.
6"x9” speakers 20 ohms 1.5 o0z. magnet 2/$1.00

4” speakers 3.2 ohms 1 oz. magnet............

Dual 1 megohm potentiométers with 6 & 12 volt off-on
SWItChES . « v it i i it e i i e

51.25 ea F) Glass diodes color coded.
.. -$2.00 S| 20/$1.00
$1.00 6E 30/%1.00
2 throw 15 F) Similar to 2N2875PNP silicon 20 watt
$4‘,0(i gﬂ power transistors with a cut off fre-
5,81-00  quency to 30 Mc. 2/$1.00

455 KC IF Transformers. .. ......oo.vo..nn
262 KC IF Transformers. ..................
Dual 20MFD at 350 volts electrolytic condensers 3/$1.00 G)
28-101 MMF ceramic trimmer condensers......
70KMC min. at

.. $4.00 H)

SEND FOR FREE CATALOG (To Be Available Soon)

Sim to 2N255 20 watt PNP germanium
power transistor in a T0-3 case 4/$1.00

10 Watt Zeners 2-70-volts, state de-
sired voltages 75¢ ea.

Silicon bilateral switch, replaces two
SCR's by firing in either direction
when the breakdown voltage is ex-
ceeded, Used in light dimmers etc.

2/$1.00

6/$1.00

=

GREGORY ELECTRONICS
Reconditioned & Used FM
2-WAY RADIO SAVINGS

Partial list—Send for Fall ’66 catalog

Voice Gommander

132 to 172 McC, 1W 9.5”
x 5.3” x 1.7 Reduced
price inciuding hrand
:  New Rechargeahle Nickel
=, Cadmium Battery Pack

e Lowest Price Ever!

Lo 148

g If crystal & tuning is de-
¥ sired add $45.00
Battery charger for these
units $16.00

WRITE FOR QUANTITY PRICES
VOICE COMMANDER
$
18

Monitor Receiver only—
MOTOROLA 30-50mc

Tuned & Crystalled
with dry Batteries

! & ., 151G series dynamotor
1 ¢ - ,!HJ' ll:llwttiﬂ'dsupply TX narrow

. L panded e $148
oo s v T e $178
Fully narrow banded (TX & RX) .................. $]98

T51GGV vibrator power supply TX narrow
banded RX wide banded .

" $188

Fully narrow banded (TX & RX) $208

Above prices include accessories less crystals and
antenna  (Jess accessories, deduct $30.0

To tune unlt to dcslred frequenc lncludlm! new an-
tenna and $45.(

- MOTOROLA T41GGV
,‘ __ﬂ‘-—-— - 30-50mc
. AW _ | 30 watt vibrator power sup-
j 4 _'_ y Pl fully na?ro?v bandepd
ey | il » complete with ac-

cessories less crys-

tals and antenna $]78

Add $45.00 for tuning to desired frequency and new
antenna.

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

enczonr~ GREGORY
ELECTRONICS
e CORPORATION

249 RT, 46, Saddie Brook, N.J., 07662

Phone: (201) 488-8000

CIRCLENO. 108 ON READER SERVICE CARD

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufac-
turers’ specification. Only $9.50. Any make
UHF or VHF. We ship COD Ninety Day written
guarantee. Ship complete with tubes or write
for free mailing kit and dealer brochure. JW
Electronics. Box 51B, Bloomington, Indiana.

J/

CIRCLE NO. 93 ON READER SERVICE CARD

December, 1966

RECONING—COMPLETE SPEAKER RECONING
SERVICE ANY MAKE. ANY SIZE. MIDWEST
SPEAKER SERVICE, 715 N. SHERMAN, INDI-
ANAPOLIS, IND. 46201.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90. . . Trucks From
$78.40. . . Boats, Typewriters, Airplanes, Elec-
tronics Equipment, Photographic Equipment,
used. 100,000 Bargains Direct From Govern-
ment. Complete Sales Directory and Surplus
Catalog $1.00 (Deductible First $10.00 Order).
Surplus Service, Box 820-K, Holland, Michigan
49423.

21



U.S. GOV'T ELECTRONIC SURPLUS

e Nationally Known-World Famous SURPLUS CENTER offers
finest, most expensive, Government Surplus electronic units and
components at & fraction of their original acquisition cost.

ORDER DIRECT FROM AD or WRITE FOR CATALOGS

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS—$1.00
up. Catalog 25¢. PARKS, Box 25565, Seattle,
Wash. 98125,

LABORATORY EXPERIMENTAL KIT

PERFORM 100'S OF
FASOINATING
ELECTRICAL
EXPERIMENTS

Gov't Aquisition

Cast Of Parts
Over §50.00

$14.85

F.0.B.

e (ITEM HA222) - - Amazing Value! Valuable gift for son or
nusband. lundreds of fascinaling experlments, Teaches modern elecs
tronic theary and practive, Lass, interesting way to learn,

® Expe with el plating, clec p , res
sonance, butglar alarm, relay circuits, reetification, Lest circuits,
cavcsdropping, motor experiments, tansformer phenomena, ete,

o Kit Contains: DC motor, AC molor, clectro-magnetic colls, ac
and dec relays, set of lab crpaciters, compass, test bulbs, plating
chemicals, silicon diedes, permanium diede, burglar alarm actuator,
carbon microphone cavesdropping element, ac test sockels, permanent
magnets, tclephone handset, cords, test clips, wire, and other ftems,
Qver 35 pleces, Includes fine Experimental Manual with drawings, pro~
cedures, etc., wrltten by prolessional cnzineers,

RECORDS

REPLACE worn LP Jackets—White 20¢, Colors
25¢. Min Shipment 20, Samples 50¢, Records,
Hillburn P.O., New York.

DORIC COMBO ORGAN RECORD. Hear the
swinging sounds for 25¢, Doric Organs, Box 1,
Convent, N.J. 07961.

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted, distributed. FREE booklet
“ZD,"” Vantage, 120 West 31 St., New York 1.
SONGWRITERS WANTED. Send songs for re-
cordings—royalty contract. Tin Pan Alley, 1650-
H Broadway, New York 10019.

® Also [umished with each kit our populﬂl book Home L.
Beneh and Experimental Procedures, (R $1.00). Shows how to hnlld
wonderful home Juboratory test bench, Bnd how to gel the most oul of
your experimental work, (12 Ibg,) Parts cost gov't over $50.00,

AC PROGRAM TIMING CLOCK _

o (ITEM HI58)- - Zenith 115-VAC progrant
tmer, Use for periodic signalling, work hreaks,
schoal classes, turn on radio for newscasts, etc.
Adfustable cllps permit switching On or Off any=
time duclng 24-our perted. Sufficient ciips for
multiple programing, Also has *‘skip-a-day'*
feature. Contacts can hapdle uwp (o 15 -amips.
8. x 62" x 4, Wi 8 Ibs. Gov'L Cost Qver

it $9.49

Instructions Furnished.
AUTO-PILOT GYROSCOPE

® (ITEMAII5) -« DC_ molor driven,
glmbal mounted gyroscope, Ultrz-expensive
preclsion unit used to **steer’” large, multi-
engine planes. Devlatlon [rom established
planc seands polentiometer controlled sipg-
nals to bring about change in other motors,
Unit ean be used ag auto-pilot for boals.
Wonderful class room unil lo demonstrate
and study mvro action. Missiles, plam:s.

F.0.8. $12 47 ot A e o, S 07 o
STANDARD DIAL TELEPHONE

® (ITEMHYI5)-- Standard, commercial
telephone same as used throughout 1.S.A. Attrace

uve polished black, like new condition. U3c as
extension phonc to' private systems or connect
several phone- together for local intercom sys-
tem. Full insinyctions aro fumished. Wt. 9 Ibs. 5 9
Original Cost §24. F.0.B, .
STEP-BY-STEP AUTOMATIC SWITCH
o (ITEMHY3B)-- Amazing ‘‘up-and-around”,
elcctro-magnetic lelephone switch. Dial euy bank
pair from 1 1o 100, Make your own (clephone system,
also be used to rvcmolely conlml up lo 100 cir-

cults over a single pair of wircs

One of our FOUR STAR h:rgalns Comes com-

plele Nllh daLﬂ one dial and onc line bank. 5i74e,
x 13", 1 16 Jbs, Cost Gov't Over $75,

T eos. $9.95

F.0.B.

(omnlelt‘ Switch, cover,
dial, line'bank, instructions,.,

o (ITEM ﬂlﬁls ) - - Step vollage up or down,
Vlas many uses. Will step 115-vol(s up Lo 230-
b volts or step Zi0-v0lts down to 15-salts: Wl
L alsg uansrurm 113-volts to B5-volts. Rated 1. 7..

aps. with 175-walt capacity. Stze..
F.0.B. $4.99 "X 3’ '?ux 2'*, WL, 4 Ibs. Gov'( Cost $12.75.

TYPICAL BUYS FROM OUR 1967 CATALOGS
$ 350,00 - Geared 2-hp Battery Golf Car Motor
$ 15,00 - Westinghouse DO Ammeter, 0 o 300
$ 40.00 - Yacuum/Pressure Pump, 12-YDC
- BO-MW Walkie-Talkles, Per Pair ..
- Oeluxe, Multi-Range, AC/DC Tester .
$4000.00 - Carrier Tefephone Amplifier System ...

SPECIAL SALE

Correspondence
Covurse In
ELECTRICAL
ENGINEERING Sglls ror s10.79 $8 79 Postyaid

® (ITEM HAIBI } - - Wonderful chance o oblain technical train-

ing at Amazing Low Cosl! Lincoln Engincering School has suspended
its Correspondence Courses because o? increased operaling costs, We
offer a limited number of the school’s complete Electrical Engineering

Coutse but without the examination paper grading service. The course

consists of 14 1esson unit books, Each book has the regular exams, and
in a separate scction, “'Standatd Answers'® Lo ench exam question,

® Coursc Is well wrilten, casy

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—‘‘Childbirth” one
reel, 8mm $7.50; 16mm $14.95. International
W, Greenvale, Long Island, New York.

SCIENCE Bargains—Request Free Giant Catalog
“CJ""—148 pages—Astronomical Telescops, Mi-
croscopes, Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., Bar-
rington, New Jersey.

RUBBER STAMPS

RUBBER ADDRESS STAMP $1.00. Signature
$2.88. Free catalog. Jackson Products, 1433
Winnemac, Chicago, Ill. 60640.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your re-
corder, phonograph. Astonishing details, sensa-
tional catalog free! Sleep-Learning Association,
Box 24-ZD, Olympia, Washington.

LEARN while asleep. Remarkable, scientific,
929% effective. Details free. ASR Foundation,
Box 721, Dept. e.g., Lexington, Kentucky.

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free. (Courses Bought). Lee Mountain, Pisgah,
Alabama.

INVENTIONS WANTED

INVENTIONS—IDEAS developed: Cash/Royalty
Sales. Member: United States Chamber Com-
merce. Raymond Lee, 130-GE West 42nd, New
York City 10036.

INVENTORS. We will develop, help sell your
idea or invention, patented or unpatented. Our
national manufacturer clients are urgently
seeking new items for outright cash sale or
royalties. Financial assistance available. 10
years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Bro-
kerage, 79 Wall Street, New York 5, N.Y.

INVENTIONS wanted. Financial Assistance. Free
protection forms, information. Contact: Inter-
national Invention Institute, Dept. 31, 160
Broadway, New York, N.Y. 10038.

INVENTORS! Promotion, Protection, Search ser-
vice. Free forms and information: New York In-
vention Service, Dept. 13, 160 Broadway, New
York, N.Y. 10038.

Reader’s Digest size, easy to carry and sludy in Spare time, Many Line

coln Enzineer(ng Schaol sludenurﬁoldlnx excellent jobs as a result of

mining, Course contains latest information on |mnstsl.nrs, 3il-

lcﬁn dlodes elc Additional book on bow lo hlllld and operate a ‘‘Home
and E: Bench** each course.

SEND 25¢ OOIK OR STAMPS FOR 3 MAIX OATALOGS
All ltems FOB Lincoln  Money Back Guarantee

SURPLUS CENTER

DEPT, EW-126 LINCOLN, NEBR. 66501

CIRCLE NO. 50 ON READER SERVICE CARD
92

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to $2,-
000.00 monthly. Paid overtime, travel, bonuses.
Write: Universal Employment, Woodbridge, Con-
necticut 06525.

EMPLOYMENT Resumes. Get a better job & earn
more! Send only $2.00 for expert, complete Re-
sume Writing Instructions. J. Ross, 80-34 Kent
St., Jamaica 32, N.Y. Dept. EW.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1,400
monthly. Men urgently needed. Car furnished.
Business expenses paid. No selling. No college
education necessary. Pick own job location. In-
vestigate full time. Or earn $6.44 hour spare
time. Write for Free Literature. No obligation.
Universal, CZ-12, 6801 Hiilcrest, Dallas, Texas
75205.

| MADE $40,000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Michigan
48197.

FREE BOOK ‘990 Successful, Little-Known Busi-
nesses.”” Work home! Plymouth-945P, Brooklyn,
New York 11218.

CITIZENS BAND Radio Dealerships Available.
Sell Full or Part Time. Knox Electronic, Dept.
274, Galesburg, 11l. 61401,

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolco, 2016 Canton, Dallas, Texas 75201.

REAL ESTATE

FREE Fall-Holidays CATALOG! Big 180 pages!
Selected Best thruout the U.S. Thousands of
properties described, pictured—Land, Farms,
Homes, Businesses—Waterfront, Recreation, Re-
tirement. 66 Years’' service, 490 Offices, 36
states Coast to Coast. Mailed FREE from the
World’s Largest! STROUT REALTY, 60-ZD, East
42nd St., N.Y. ,N.Y. 10017.

BOOKS

CANADIANS—Fabulous Electronic Book Cata-
log—Listing over 500 Titles—Free—Books, Box
796, Dept. A, Montreal 3.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning.
Catalog! Drawer H400, Ruidoso, N.M. 88345.

FREE TRIAL!! Sensational self-hypnosis record
kit. Forum, 333-AAl2 Michigan, Chicago 60601.

HYPNOTIZE FEMALES!—Unnoticed! Instantly!
Nerves! Send $2.25. Research Enterprises,
29-SN21 Samoset, Woburn, Mass.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of
yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412.

‘“‘TAB'" # SILICON ONE-AMP DIODES
Factory Tested Guaraniced

Piv/Rms Prv/Rms Piv/Rms Piv/Rms
50/35 200/140 300/21
.05 — .07 .10 .12
400/280 600/420 800/560 900‘{330

1000_/733 - 300/776_ 'FOT/EOT _271329/&)@)'
*All tests AC & DC & FWD &L_.OADI———
+ 10 for $10

1700 Piv/1200 Rms @ 750 Ma $1.20
2400 Pilv/1680 Rms @ 760 Ma $2 @, 6 for $11

SILICON POWER DIODES—STUDS & P.F.®%

D.C. 50 Plv 100 Piv 200 Piv 300 Piv
AMPS 35 Rms 70 Rms 140 Rms | 210 Rms
3 .10 .15 22 -33
12 25 50 .75 .90
urig 20 30 4 1.00
45 80 1.20 1.40 1.20
160 1.60 2.90 3.50 .60
240 3 75 4.75 7.75 10.45
D. 400 Plv 600 Piv 700 Piv 200 Piv
AMP% 280 Rms 420 SROms 490 Rms | €30 grsns
12 1.20 1.50 1.75 2,50
2518 1.50 Query Query Query
45 2.25 2.70 3.15 4.00
160 5.75 7.50 Query Query
240 14.40 19.80 23.40 Query

65R4 Silicon Tube Rcplacement . for $_9
86GA Sllicon Tube Replacement $14 2 for $25
T036 Pckg 15 Amp Transistors
2N441, 442, 277, 278, DS501 ..$1.25 @, 10 for $10
2N278, 443, 174, up to 8OV ..... @, 2for$ S
2 Amp Transistors ...........co0n0 ¢35 @. 4 for$ 1.00

“TAB" TERMS: Money Bazclhcuarantee

Our 22nd Year.
Add Shipping Charges
111 WM LIBERTY ST., N. Y. 6, N.Y.
Phone: REctor 2-624G for Ca!nloy

5U4 Silleon Tube Replacement 5 2 % 6 1or $ 92 ‘

Send 25¢

ELECTRONICS WORLD



Spcu Saver, 2 Amp Switching E

POWER TRANSISTORS C Q.__.J

MNITSE 3 gor $1 20 WATTS
HIGH POWER $1 10 WATT

h/g,&-) SALEI @ PNPIOOWnll/IsAmnHIPo\ver ZENERS

DOUBLE P%%,Gocs“ss&‘ i to’ 50 Volts. ea, é“g‘? 1.00
BONUS a1."AMP 800 PRV |15 ¢

:iV a 7ov
20V 0 9ov
WORTH OF
$ e ,// / ,/ suBMiNiaTuRe @ for | C23Y D ioov
ondensers RECTIFIERS $'| . Ceov 3324V

SPECIAL

FROM HIFI/STEREO REVIEW

DELUXE DUST-PROOF
RECORD AND TAPE
CASES Plus FREE

4V D sov
Neslstors D _tsov

Aad 28575  SILICON CONTROL RECTIFIERS

handling,

BATAI_GGING FﬂRMS PLUS FREE. PRV 1 AMP 3%+ AMP PRV 1AMP*3 AMP
=t -4 25 [ 35¢ — 200 [J 81¢ 95¢
CHOOSE $ 00 ITEM 50 [ 45¢ [ 45¢ 400 [ 1.25 1.50 r q l
ANY O FREE 100 O 61¢ [0 69¢ *TO- 9 w/3 leads
1so0 [ 69¢ [] 81¢ Stud 'TO-9
“E57aran SL PARTS PAKS 125z SEMT
MOST POPULAR TESTED
[J 3 INFRA-RED DETECTORS, with leads ....coecveenern.$ 1 [ 3 2N706 500MW, 300MC NPN PLANAR, TO-13 .
[ $25 SURPRISE PAK: transistors, rect, diodes, etc, $1 [] 4 2N35 TRANSISTORS, npn. by Sylvania, T022 . $l
‘[ 40 PRECISION RESISTORS, 14, 1, 2W; 1% values $1 [] 4 2N255 POWER TRANSISTOR EQUALS, TO3 case $1
] 30 CORNING “'Low NOISE™ resnstors, 5% too! $1 [0 2—500 MC, 2N708 NPN Silicon Dlanal TO46 ....$1
[ 60 TUBULAR CONDENSERS, to .6mf, to 1Kv, asst $1 [J 15 NPN TRANSISTORS 2N¢25, 170, 440, no test ....$}
(] 40 DISC CONDENSERS, 27 mmf to .05 mf to 1KV $1 [ 85 WATT 2N424 PI.ANAR silicon, TO-68 npn,, $1
7] 60 TUBE SOCKETS, 1eceptacles plugs, audio, etc. $1 [] 10 NPN SWITCHING TRANSISTORS. 2N338, 440 ....$1
{1 30 POWER RESISTORS 5 to 50W, to 24K ohms ....$1 E,] 25 Z'Ehl;lERS GLASS SILICON D}‘ODES no test $1
3 2 [1 50 MICA CONDENSERS to lmf, ilv too! 1 2 “TINY 2N1613 2W, 100MG. TQ46 case. n $1
These det‘aratllle, }’Bt Stlll’dlly con- [] 10 VOLUME CONTROLS, to 1 meg,mswelli:f:h too! 1 [ 15 PNP TRANSISTORS, CK722, 2N 35, 107, no test $1
H I/ [ 10 ELECTROLYTICS, to 500mf, asstI‘P&tubulars $1 (14 BIDIRECTIONAL TRANSISTORS, 2N1641tyres -+ $1
structed cases are just what you've L] 50 RADIO & TV KNOBS, asstd. colors & styles ...$1 [] 3 2N711 300MW, 300 MC, PNP MESA, TO1B .......$
been [ook”,y for keep your records and {1 10 TRANSISTOR ELECT!!OLYTICS: 10 mf to 500 mf $1
tapes from getting tossed about and darr:laged. [J 50 COILS & CHOKES, if, rf, ant, osc, & more ........ $1 2-Amps %‘3 coSlLlCON
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handling. They're ideal too for those valuable 7 16
old '78's’" that always seem to get thrown =¢®_———-_3 F 1 SILICON PRV  amp amp
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the decor of any room, whether it be your library, B120 18727 D‘39 O56082[112 180 1000 0 69¢ | 500
study, den, music room or pine-paneled garage. 013020030043 006213911013 600

The leatherette back (in your color choice) is gold
tooled in an exclusive design available only on
HIFI/STEREO REVIEW Record and Tape Cases.
The sides are In standard black leatherette to
keep them looking new after constant use.

Exf'a With each Record and Tape Case you

f AMPS 2 .
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For 1

order you will receive, free of charge, L] 35 TWO WATTERS, asst incl: A.B., 555 too!
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107 and 12" records. Each case, with a center [ 10 TRANSISTOR SOCKETS for pnp-npn transistors $1
divider that separates your records for easy acces- v : [0 30 TRANSISTORS, rf, If, audio osc-lfs TOG no test §1
sibility, holds an average of 20 r&ords n their L] 30 MOLDED COND’S, mylar, pore, black beauty $1 |5 379 WaTT PLANAR TRANS'TRS, 2N647, 100mcnpn$l
original jackets. The Recording Tape Case holds 1o¢ FOR OUR °*G7,” BARGAIN CATALOG ON: {] 4 2N33 6 NPN SILICON transistors, Transistron $¥
6 tapes in their original boxes. O Semicon duc’ors [J Poly Paks [J Parts E‘l 10 ZENERS l}fjﬁkgrzfﬁscgt#dﬂlgssést\ pest ; g
" 3 25 GERMAN no tes
;J::);Tfao.}:nf)“::e"gal;hesg.zg °§2Zﬂ;°§’?be‘"s'g§ Srder nicxfx%'édpo°s'¢‘:§e“_'a$°':g' [] 25 TOP HAT RECTIFIERS, silicon, 750ma, no test $1
6 for . Por pak 1. Riod Set a6 asys, § L] 10 FAMOUS CK722 TRANSISTORS, pnp no test ...
$
® The 10” and 12" Record C (with catal CoDs 25% ] 10 30-MC TRANSISTORS, silicon, TO18, no test $1
forms) are $3.50 each: 3 f a’s‘l’o "6 for 10 - P.O. BOX 942 W 0] 3 —2N705 MESA, 300 me, 300 mw, pnp, TOIS. s1
orms) are oa or or $19. AK s $O. LYNNFIELD, MASS. 110 2.6Amp RECT's, studs, silicon, 50 to 400 V ..
Add an additional 75c¢ per order (regardless “PAK-KING" OF THE woORrLD | [] 10 PNP SWITCHING TRANSISTORS, 2N404,no test $'I_
ﬂgngﬂr::“ of cases ordered) for shipping and CIRCLE NO. 957 ON READER SERVICE CARD
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is enclosed for the Cases Indicated below. N ¥
PERSONAL PROBLEMS got you down? Worried
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1
r;ooking for Hi-Fi equipment,
but in the dark about which to
buy? Well you can always . . .

Ask your Uncle Fred.

He used to fix
your toaster.....

Inquire from store to
stare to store to
store to store.....

Choose the one that
fooks nicest. And cross
your fingers.., ..

can get a
copy of the

STEREQ/HI

Fl
DIRECTORY

and forget about the first 3!

If you think buying hi-fi equipment has to be a game
of ‘‘musical chairs’’ . . . chance not choice . . .
we’'ve gol news for you! Now there’s a quick, easy,
foolproof way to plan your next equipment purchase:
with the all-new 1967 STEREO/HI-FI DIRECTORY.
It's a giant, 180 page buyer's guide to virtually every
new audio component on the market—
* amplifiers * changers and turntables ¢ cartridges
—arms—accessories ¢ receivers ¢ tuners ° tape
hi * speakers/cabinets ¢ hi-fi systems ¢
miscellaneous accessories

PLUS—special directories for home TV tape recorders
and tape cariridge machines for cars and boats!
Every technical specification, measurement, special
feature, optional accessory, price and model number
of all the latest products Is at your fingertips. !nclud-
ing detailed photos. To help you compare similar
items—feature for feature, dollar for dollar—and
decide which is best for you. Before you buy!

Forget the guesswork, costly mistakes and ‘‘after-
you-get-it-home'’ disappointments. With the 1967
STEREO/HI-FI DIRECTORY as your authoritative guide,
you buy with confidence—and know you're getling
the greatest value for your money on every piece of
equipment you select.

The price for this valuable ‘‘encyclopedia’’ of hi-fi
information? Just $1.25. A very small investment
when you think of the time, trouble and money it's
guaranteed to save you. So don’t delay. Use the
coupon below and order your copy of the 1967
STEREO/HI-FI DIRECTORY today! Also available in
a leatherflex bound DELUXE EDITION — a superb
addition to your permanent reference library. $3.00

ZIFF-DAVIS SERVICE DIVISION - DEPT. SD

589 Broadway ¢ New York, N. Y. 10012

Send me the new 1967 STEREO/HI-FI DIRECTORY.

[ $1.25 enclosed, plus 15¢ for shipping and han-
dling. Send me the regular edition, ($1.75 for
orders outside the U.S.A.)

[J $3.00 enclosed. Send me the Deluxe Leatherflex-
bound edition, postpaid. ($3.75 for orders outside
}pe U.S.A.( Allow three additional weeks for de-

ivery.

name please print

EW-126

address
city

state zip code

\—. PAYMENT MUST BE ENCLOSED WITH ORDER mus?
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Today's electro-technology makes possible near-perfect
stereo at moderate manufacturing cost: that's the de-
sign concept behind the new EICO "Cortina" all solid-

Amplifier: Distnrtlonllss. natural sound with unre-
stricted bass and pmer.ttrms ent response (no Inh:
or ou rs); complete mpm,

tput transforme

state sterea components. All are 100 fessional, ntmlfaci! 7 fallure-proof
canvenllntlymccmm (Ei[ o, uel ¢ "D), in an ot rcultxym” i e

s/ nﬂ " Yes, you
o el e Sondypreiec m,{“‘ <o m‘% ) Solid SHtBIMIIR Mon;w:ms?m
to. The refinements will b marginal and probably auisie hlf OFACE &411)
inaudible. Each is $89.95 kit, $119.95 wired. g Mm,_‘!’fw‘"ﬁmm&
Model 3070 All-Silicon Solid-State 70-Watt Stereo -suppty.

1 New Ways to make Electronics more Fun!

Save up to 50% with EICO Kits and Wired Equipment.

" New EICOCRAFT® easy-
g to-buhd solid-state elac-
- . tronle TruKits:® great
for beginners and
sophisticates alike. As
professionai as the
standard EICO line —
only the complexity Is
reduced to make Kkit-
building faster, easier,
lower cost. Features:
pre-drilled copper-
plated etched printed
circuit boards; finest parts; step-by-step in-

.
Engine Analyzer

. structions; no technical experience needed —
Now you can tl.lﬂb-l.m. trouble- just soldering iron and pliers. Choose from: Fire
shoot and test your own car or Alarm; Intercom; Burglar Alarm; Light Flasher;
boat. “'Mystifier”’; Siren; Code Oscillator; Metronome;

Tremolo; Audio Power Amplifier; AC Power Sup-
ply. From $2.50 per Kit.

You hear all the actlon-packed capitals of the
world with the NEW EICO 711 “Space Ranger"
4-Band Short Wave Communications Recelver —
plus ham operators, ship-to-shore, aircraft,
Coast Guard, and the full AM band. 550KC to
30MC in four bands. Selective, sensitive super-
het, modern printed circuit board construction.
Easy, fast pinpoint tuning: illuminated slide-
rule dials, logging scale; ‘'S’ meter, electrical
bandspread tuning, variable BFO for CW and

ban ; Jarizble BFO for CW an Keep your car or boat engine in
reception, automatic noise limiter. 4”

speaker. ﬂeadphone jack. Kit $49.95. Wired ggx:bslz,agoel‘:itho;ht‘glmp'scl
$69.95. awered universal engine ana-
gzef, Completely tests your total
ignition felectrical system. The
first time you use it — just to tune
for peak performance — it'll have
paid for itself. (No tune-up
charges, better gas consumption,
longer wear) 7 instruments in
one, the EICO 888 does ail these
for 6V and 12V systems; 4. 6 &
8 cylinder angines.

The EICO 888 comes complete
with a comprehensive Tune-up
and Trouble-shooting Manual in-
cluding RPM and Dwell angle for
over 40 models of American and
Forelgn cars, The Model 888 is
an outstanding value at W.H
kit, $59.95 wired.

NEW EICO 888 Solid-State

There's more PUNCH In the new EICO “Sentingl-
Pro™ 23-channel Dual Conversion 5-watt CB
Transceiver. New advanced Big-Reach ‘!Range
Plus” circuitry lengthens ‘'talk-power’” reach.
Automatlc noise Ilmlter super-sensitizes for weak
signals. “Finger Tip’' antenna loading and trans-
mitter tuning controls. 23 crystal-controfled
transmit and recelve channels — all crystals
supplied. Rear-lfluminated S/RF meter. Tran-
sistorized 12VDC and 117VAC dual power supply.
Wired only, $169.95. Positive-Negative Ground/
Mobile Marine Modification kit (optional $5.95).

More “ham" for your dollar than ever — with
the one and only SSB/AM/CW 3-Band Trans-
ceiver KIt, new Model 753 — ‘‘the best ham
transceiver buy for 1966' — Radio TV Experl-
menter Magazine. 200 watts PEP on 80, 40 and
20 meters. Receiver offset toning, builf-in VOX,
high level dynamic ALC, silicon solid-state VFO,
Unequaled performance features and appear-
ance, Sensationally priced at $189.95 Kkit,
$299.95 wired.

l"

| FREE 1967 CATALOG

EICO Electronic Instrument Co., inc. EW-12
131.01 39th Ave., Flushing, N Y. 11352

Sena me FREE catalog describing the full EICO ling of
200 best buys. and name of nearest dealar t'm inter-

N

h;! i axted in:

_* 2 test equipment 1 ham rasio
sl I3 stereo/hifi [1 Gitizens Band radio
e !_ "1 automotive electrunics

- - - S RS

——— e —

TN A TR S ————— — = —
Model 460 Wideband Direct-Coupled
57 Qscilloscope. DC-4.5mc for color AGCOES e  rmneee | Mode] 232 Peak-to-Peak VTVM. A must
and B&W TV service and lab use. Push- for color or B&W TV and industrial
pull DC vertical amp., bal. or unbal. City = = | use. 7 non-skip ranges on all 4 func-
Input. Automatic sync fimiter and amp. l tions. V\_Ilth exclusive Uni-Probe.®
$109.95 kit, $149.95 wired. State.. .. e L 17 $29.95 kit, $49.95 wired.

““CIRCLE NO. 120 ON REA
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10 facts

you should know
about color-bar generators

If you are going to buy a color-bar generator
—or even if you already own one—here are
several facts you should know.

While other types of test instruments may
lack one or more features, they may still be
useful in skilled hands—provided the user is
aware of their shortcomings and provided he
has other means of determining what he must
know.

This is not true of a color-bar generator.

A color-bar generator should allow you to
walk away from an adjusted receiver know-
ing that the owner can turn it on and receive
color broadcasts in full-fidelity color and
sound.

Not all color-bar generators can give you
this assurance.

Let’s talk facts.

FACTNO.1: 4 gated-rainbow type gener-
ator is accepted as the standard of the
service industry

You do not need fully saturated NTSC colors
to achieve perfect ,
adjustment any more 11

than you need an # i
FCC-type broadcast 111 \
signal for tuner and 1 _ 11
if-amplifier align- b |
ment. The gated- by ¥y
rainbow type signals .
are used by virtually
all TV manufactur-
ers in establishing service procedures for their
sefts.

Urgent service needs for a trustworthy
color-signal source were met years ago when
RCA introduced the gated-rainbow system.

Today, this basic system is used in nearly
all service-type color-bar generators. The
waveforms and procedures in nearly all color-
TV service notes are based on this system.

Gated rainbow color-bar
pattern

FACTNO.2: au gated-rainbow type gen-
erators are not alike

In spite of their basic circuit similarities,
available models differ in their features, ac-
curacy, and ultimate usefulness. Some of
these differences are critical.

FACT NO. 3: 7he offset subcarrier oscilla-
tor must be controlled within a few cycles
of its true frequency

This oscillator controls the phase angles
(hues) of the color-bar pattern. It is the heart
of the color-bar generator.

The subcarrier oscillator should be within
#+20 cps of its fundamental frequency of
3.563795 megacycles. In the crystal-controlled
RCA WR-64B Color-Bar/ Dot [ Crosshatch
Generator, this deviation is kept well within
the =20 cps limit.

FACT NO. 4: provision must be included to
prevent the subcarrier oscillator from
drifting off frequency

The subcarrier oscillator must not only be
accurate when the instrument is new—it must

stay accurate. Top-quality components mini-
mize undesirable frequency changes.

Check, for instance, the trimmer capacitor
used in the 3.56-Mc subcarrier oscillator.
You'll find a piston-type ceramic capacitor—
not a flat mica type—in the RCA WR-64B.

FACT NO. 5: 7he generator must have an
rf-sound carrier to assure proper setting
of the fine-tuning conitrol

Unless your color-bar generator has this es-
sential feature, it may produce a perfect
color-bar pattern on the receiver, but at the
wrong setting of the receiver fine-tuning con-
trol. In such cases, the receiver may not cor-
rectly reproduce a color program.

The WR-64B has this necessary feature.
With it, you can accurately set the fine-tuning
control before making color adjustments. in
the WR-64B the rf-sound carrier is also
crystal-controlled.

FACT NO. 6: 7re rf picture carrier must
be exactly on frequency to assure that the
color subcarrier is correctly placed in the
receiver bandpass

Drift, faulty adjustment, or aging of com-
ponents in the rf oscillator section can move
the generator picture carrier off frequency.
This shift, in turn, will also move the color
subcarrier signal away from its correct posi-
tion in the receiver bandpass. In some receiv-
ers, this shift will affect accuracy of color-
circuit adjustments.

A separate crystal-controlled oscillator is
used in the WR-64B to keep the picture ex-
actly on frequency.

FACTNO. 7: The axes of the output color-
bar pulses should lie on the zero axis—and
not on elevated brightness pedestals

Elevated pulses necessitate use of an oscillo-
scope for accurate setting of receiver phasing.
A generator having zero-axis color-bar pulses,
such as the WR-64B, does not require use of
an oscilloscope for checking phasing in the
customer’s home.

FACT NO. 8: Tre generator should not re-
quire frequent adjustment of internal
counter circuits

All color-bar generators contain circuits
which develop vertical and horizontal sync,
and dot-and-bar-pattern signals, by dividing
or counting down from a higher frequency:
usually 189 Kc. If one of these circuits is un-
stable, the patterns can jitter, ripple, jump
sync or contain the wrong number of dots or
bars,

Conventional R-C circuits are used in the
counters of most generators. But the RCA
WR-64B uses inherently stable iron-core in-

®
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ductors in its counters, thereby assuring long-~
term counter-circuit stability,

FACT NO. 9: 7re proper way to check re-
ceiver color performance is to feed the gen-
erator signal into the antenna terminals

Color performance depends on overall re-
ceiver condition—not on that of a single sec-
tion alone. A color-test signal fed directly
into the video amplifier—rather than through
the antenna terminals—will not provide a
proper check of the complete receiver. The
only method you should use in adjusting the
receiver, therefore, is the rf-signal-input
method—the method provided by the RCA
WR-64B.

FACT NO. 10: There is no “best” dot size
or bar width for convergence adjustments

Generator dot size or bar width has no sig-
nificance for convergence adjustments.

Veteran technicians, however, have found
that very small dots or thin bars are difficult
to use under average lighting conditions. If
receiver brightness is turned up to overcome
this handicap, blooming will result. Proper
convergence cannot be achieved under this
abnormal condition,

The dot and bar size of the WR-64B is
small enough to permit exact, speedy adjust-
ment, and large enough to be useful under
average lighting conditions.

These are ten specific facts you should
know about color-bar generators. They add
up to this

FACT: The new RCA WR-64B has all the
features you need for complete color-
circuit adjustment

It’s the one color-bar generator that meets
all servicing requirements—from the com-
pany that pioneered and developed the color-
TV system now in universal use: RCA!

Order it today from your local Authorized
RCA Test Equipment Distributor.

$18950¢ *Optional distributor resaie price. May
be slightly higher in Alaska, Hawaii and the West. Prices
subject to change without notlce.

RCA ELECTRONIC COMPONENTS AND DEVICES,
HARRISON, NEW JERSEY

The Most Trusted Name in Electronics
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